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This report was prepared as an account of work sponsored by aa agency
of the United States Government. Neither the United Siates
Government not any agency thereof, not any of their employees, makes
any warranty, expressed or implied, or assumes any legal liability or
sesponsibility for any third party's use, of the results of such use, of any
information, apparatus, product or process disclosed in this report, or
cepresents that its use by such third party would not infringe privately
owned rights, DAERTERAR
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This draft report is a preliminary assessment prepared for the U.S. Nuclear
Regulatory Commission,: Office - of ; Nuclear Regulatory Research, by
SCIENTECH, Inc., of Idaho Falls, idaho, under subcontract to EG&G Iidaho, Inc.,
NRC Regulatory Technical Assistance Group. Included in this report are
recommendations for further study and evaluation directed at resolving
hydrogen tank farm concems related to Generic Safety Issue 106.
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An evaluation of hydrogen tank farm

"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
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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
;urﬂl’ler evaluations of the core%damage risk posed by hydrogen tank farm
acilities. = RRERE B
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This report is a preliminary assessmem of “risk to commercial nuclear power
plants from onsite hydrogen tank farms.3, This assessment of risk is par of a
largar evaluation of the risks from combuslible gases g Generic
Safety Issue 106 (Gl- 105) Most .of the risks assocnated with GI-106 are
attributed to hydrogen gas. ":g RIS PRt
?1-51 (ALELS 3 “

This report uses input suppred 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) Repart (NP-5283-SR-A) on hydrogen water chemistry
installations at boiling water ‘reactors (BWRSs). - 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 iam1s for, 119 reaclors, even 1hough some tank farm
. location detail is missing. % % e e

NRH compnled the requested storage lnformation supphed by the fwe NRC
regions. The purpose of this study by SCIENTECH, Inc., Is to assess the
genaral salety significance of the tank farm storage of hydrogen at commercial
nuclear plants relative to the EPRI report guidelines.  Compliance with
explosion, ventilation air intake, and 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.
. ‘-c‘“-f:a s ‘:;’;:z;_’g‘-\'-.,

The review of the hydrogen tank farm’storage Installations at con mercxal
nucl'ar powar [ lants shows that for exp slon‘damagel saparauo '

< rev w.of sa

Based on operatlng expeﬂence ata ‘the. requancy of hydrogen tank farm
explosions was determined 10 be’1. E- oalreactor year (RY). In the absence of
more detailed plant- speclﬂc evaluatlons. condltlonal probabllllles ol wall- lailure
and subsequent damage 10 safely s stea Were conse aly_gstimatad 40
approach one.| 8 ' . oy
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This report is on the asses ‘of Tisk to commercial nuclear power plants
from onsite hydrogen tank farms.z 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) Generic Safety Issue 106 (Gl-106), Piping and Use of
Highly Combustible Gases In[Vital Aroas (Refersnce 1-1). Most of the risk is
caused by the most prevalent combustible gas, hydrogen. This report deals o

only with the risk posed by the hydrogen tank farm as opposed to other areas of A
risk associated with the distribution of hydrogen gas into the uilding of
pressurized water reactors (PWRs) and the*]%ilding of PWRs and

Vv

boiling water reactors (BWRs).%; These other areas haye been addressed in two -
earlier EG&G Technical Evaluation Reports (Referensgs 1-2 and 1-3) and will
be the subject of a future NUREG/CR.z5 N5

e :
This draft report uses input supplied 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 Instituite (EPRI)
Report NP-5283-SR-A (Relerence 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 1o the
plart. A more detailed assessment of the risk resulting from the hydrogen tank
farm will be made In a future prgt:_al;lﬂ;t!q risk assessment for a typical PWR. .

4 -

1.1 Background 3if; T



V.

detajled subsequent analysis may show that'plants
\{( sed in this study can meet the

2.

NRR compiled information re
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 salety significance of the tank farm storage of
hydrogen at commercial nuclear plants.. ft does not attempt to provide definitive
analyses of each plant's hydrogen storage system, rather it only identifies
whether plants meet separation distance criterla for hydrogen storage near
safety-related buildings or air intakes.:: An assessment is made of the possible

frequency ol accldental hydrogen release and polential damage. A more

individual examination

IPE) scresning criteria (Reference 1-8)
1.3 Contractor's Study dbi

SEEEE
EG&G lIdaho, the prime contract
SCIENTECH, Inc. as a subcontractor to complle and analyze the information
supplied by NRR. Also, SCIENTECH was asked to determine the frequency of
hydrogen tank farm explosions, fires and uncombusted releases; and provide
an indication of the likelihood of ‘resulting damage to saletly systems.
Extensions of this information will assist the NRC In determining the need for
further action. eI

T
1.4 Limits of the Study

R L P S R R e

This study is limited to ouldoor hydrogen tank farms. Small hydrogen gas
storage or distribution systems inside bulidings ara nict addressed. The only
concern is ‘potential plant damage which mar aflect the reactor core damage
frequency. The expected consequences of economic losses and personal
injurles or fatalities from the small gas“storage Inslde bulldings are nol
addressed. Both the small gas storage Inside buildings and the distribution of
hydrogen gas Inslde bulldings will be covered in a laler NUREG/CR.

1.5 Rolovant Guldelines 7Ersise Sr

A R m%«:~
Guldelines for hydrogen water ch Istg*(“ﬁWC) Installations at BWRs are
addressed In the EPRI report,zThese EPRI guidelines have been reviewed and
accoptod by the NRC., The'non-HWC ‘slorage Installations are simliar to

installations addrassed In the Egﬁ culdgllgga. which are therefore consldared
R
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applicable to non-HWC sto age"'"installaﬁons. Regulatory Guide 1.91
(Relerence 1-8) 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 Appandix A, Table A-1.:

1.6 Methodology for thls' 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 spreadshest 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 fiquid 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 tolaled. s s

2= :‘;v}“ oA TR
The hydrogen lacimyk&xpeﬂen @ was secured by telephone conlacts
with industry representatives and by consulting known literature sources. The
results were then extended based on engineering judgement and experience.
;,_‘E:ﬁi }pq-x'an-)i;:‘n; ey alle o.a0 S0
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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 bsing
more severe than deflagration), and (3) transpart of uncombusted hydrogen
through ventilation air pathways into satety-related buildings. The EPRI repont
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.
et ok (A BT

L ATeEaT .‘.\l
IR TR 4 S5y
LN Y

% ;
IR

2.1 Assumptions and Conservatism

= e
- =h Shes puTE

In this repont, effort has béé’ﬁ

1. All building walls are considerad 16 be 1
while in reality many walls are

%

h

2. Al reinforcing stes! in the concrate is assumed to bap]o/nhe wall
volume while in practice it may be ‘glgniﬁcantly greater.” -

Frnat,

6 a 1 (mu) level of ductility ofjgi— L

butes to the blast wave.

. L3y
R R

not considered.

it

As no attempt was made to Individually characterize each plant's construction, I
is assumed here that all safety-related bulldings have relnforced concrete walls
and are designed to withstand the prassure criterla of the Tornado Zone 1ll. This
Is the same assumption used In the EPRI report for a typlcal commerclal nuclear
power plant. This assumptlon Is generally conservalive, but experience shoys
there may be plants where this assumption I3 not valid GlEEENN

y
data are not readily avallable llow_ld gntlficallon of ! I\cases where
ST
this assumption Is not valid. s ;@«»éﬁg L
R et )
conarlos

RSN S Ut s
2.2 Gaseous Storage Instaliation’s L
Simultaneous fallure of mulliplesforage tanks Is not addressed In the EPRI
report “bacausa the Inharont strength of the vessels make the~ unsusceptiblo
to fallure from outslde forces’: (Reforence 1-4). This evaluation treats only

S
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1

I i

¥ IS LARERNR  failure. The total gas inventory release can result from a leak
5 or rupture of the header piping which is supplied from each individual tank, but
_ is limited by the jet gas discharge model, $ie. - - :

R Rt

& 2.2.1 Fireball

2 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
13 not a major concern for safety-related buildings because of the resistance of
3 concrete structures to thermal flux.::The size and duration of thermal fluxes
g experienced during a fireball associated with a tank or pipe leak "will not
i adversely affect safety-related structures™ (Reference 1-4). The thermal flux
it 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.
Er. Separation guidelines were taken from the EPRI report and are tabulated in
; Appendix B of this report for completeness. Again, no safety-related building
o wall damage is expected from the firgball thermal flux. Figures C2-3, C2-4 and
03 Table C2-1 in Appendix C were the source of the values for thermal flux
3{; separation distances. PR R

= 2.2.2 Explosion

s BN Y SRR ez i
i The explosion scenario involves the contents of a i iltNNEAERNNNNND
;;zﬁ An explosion involving the total contents of one tank is expected only with a unit
& tank failure. Leakage from pipe failure Is restricted due to jet dispersion models
;351 which show that hydrogen leaks to the atmosphere slowly, resulting in leakage
e which is dispersed too quickly for large quantities of hydrogen to accumulate in
2 an explosive concentration In an outdoor environment. Also, Figure C2-1 of
2 Appendix C shows the smallest needed separallon distance {or explosions
g .~ resulling-tre tures.. This assumes the salety-related structure has a
& - ﬁ thickness of greater tha This separation distance Is far less than the
w e separation distance associated with the uptake of hydrogen by ventilating air

1

3 7 n . intakes of the salety-related bulldings.iTherelore, explosions associaled with
28 pipe fallure are dismissed 1mg furlha;;l conslderation In this repon. ‘

; Blast damage separation ‘gﬁldennes are found In the EPRI report. The actual
values result from calculations following procedures glven in Appendix B,
“Separation Distances Recommended for Hydrogen Storage to Prevent
Damage to Nuclear Plants Structures From Hydrogen Exploslons,” of the EPRI
report. Bul, 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 computatlg}qg_pnd t_gg_g_gbulgled values.)

SrEdpananieny

The EPRI roport doos not ‘address explosive misslles. The reason for not
including missiles is based on _ﬁegutatog' Gulde 1.91 (Relerence 1-9) which
statos, "The effocts of blast-gonerated missiles wiil be less than thoso
associated with blast overprassure’levels consldered In this gulde. If tho
ovorpressure criteria of this gulde are exceadod, the offects of the missile must
bo considored.” Missilos assoclaled with explosions therefora, are not

Fock A3
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specifically addressed inuthe SCIENT‘ECh'évalualion. Safely-re ated b

e

are designed to be capable of withstanding tornado missiles and site-specific
seismic loading. These features tend to eliminate common cause vessel
ailures so that the maximum postulated instantaneous release s 3
SRR e laisc RN NG IRy  Figure C2-2 of Appendix C was
used for the blast damage evaluation. The 18-in.-thick concrete wall
assumptions used are the same assumptions recommended in the EPRI repon.
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 p of 3.0 and a tensile stael factor (p x yield strength of steel/ 100%) of 0.12

ksi. These assumptions are reflected in case (a) of Figure C2-2 and correspond
1o the first equation shown in angure_._gz-s_ in Appendix C.

Py '
e . -

. a

—\,"

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 1o maintain a hydrogen concentration lass than 4%
by volume nearest to any safety-related building ventilation air pathway.
Migration of hydrogen from a plpe 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 denslty and
high diffusion rate of hydrogen make closeness to the ventilation air pathway
more Imponiar{ than the volume avallable, decreasing the importance of a tank
leak or rupture. Figure C2-1 of Appendix C presents the needed separation
distance between hydrogen-plping and the alr Intakes to salely-related
buildings as a function of the pipe Inside diametar,
wrs N -

L SR T
AR R L

ERESF KLal L, e ]
There are differences In the storage and handiing of liquid and gaseous
hydrogen. These differences are reflected In the storage vesse! design and
construction, both In configuration and materials, Because of the differences in
behavlor of structural materials at low temperatures (brittle fracture), special
choice of materials 8 necessary for liquld storage vessels. Also, to limit heat
transfer, the vessels are Insulated to malntaln tholr low temperatures (-408°F).

Liquid hydrogen Is slored In vessels at a working pressure, 0 pounds por

cquare Inch gauge (pslg); I8 stored at a prossuro of ‘ Jpslg. Liquid =

R 6 nstallation, the vassels

e
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storage offers the advantage '6f Eréater_ stbr:aga' density and a resulting étorage
. volume reduction. o

The EPRI report (page 4-8) points out that "Design basis tornado-generated

missiles are capable of breaching all known commercially .ayailabla liquid

hydrogen storage vessels.”
renai i oLt s ..‘x;-v .

)

n/_ The fireball scenario assumes instantaneous combustion of the contents of the

R ESHIEEURIR) - This scenario is not a major concern for
salety-related buildings because of 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 structuras™ (Reference 1-4). The thermal flux
criteria show whether a wooden surface would be charred by a thermal flux and
do no! necessarily show potential wall failure. The guidelines used lor

separation are from Figures C2-6 and C2-7 of Appendix C.

1Y)
8 B Rt v b - M “ W,

B

b o

XDEC

ol sl RNl Excluding the possibllity of missile-caused
muhiple {ank failure, the report states that thermal {luxes and thelr durations will
not adversely affect equipment or personnel In concrete/steel salety-related
structures. The facility operators must review both the site and equipment to be

sure all equipmant will be operable In the event of a fireball.

g -

| As mentioned

s, R

lop 2.2, the misslle Issue should be

The single tank separation criterion presented in Figure C2-8 was used for this
evaluation. The concrele;wall assumptions used here are the same
assumplions recommended:in;the. EPRI report, These are considored
conservative for the typlcal concrete safely-facilily wall. These assumptions

kY

Include a static prossura capabilily’of,1,5 psl, a ductlle factor p of 3.0 and
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3. DESCRIPTION OF PLANT STORAGE

Plant storage information is 1aken from rwo sources. the NRR data presented in
Appendix A and personal commumcation wrth EG&G personnel about their
visits to 14 plants. : :

. 3.1 Observations on Hydrogenv_Tenk Ferm‘ Plant Storage

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

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 detormined the container size.

Vessel sizes other than standard 215 scf cylinders, range from 1000 to

40,000 scl. For the most part, the size is limited to what is convenient to

transport or. burld _It has been noted from the data supplied by NRR that

2. Severalw:orage oonf‘guratlons are In use. The
are often used as rasarve capacity and are less permanent than.the
convenlional anchored storage units. ' They range from ganged

3. For the liquid hydrogen storage, there are several basic configurations.
The smallest. gal and the volumelric capacity of the larges!
reported Is A hydrogen vendor reported that standard sizes

/%15'3 3000, 4500, 6000, 9000, and 20,000 gal. Each gallon of
liquid hydrogen results in 110 scf of hydrogen s, In. rhe NRR data,

only three sizes are represemed These arel
gal capacity. .

as reprosontallye and Is Flgurea 1; The kelch was sacured t
recent Inspaction visit, ; TSN




SCIE-EGG-103-89

4. SEPARATION DlSTANCE COMPLIANCE

The discussion of separation dlstance cntena is based on the understanding
that the EPRI HWC damage criteria are governing, i.6., some cracking is
allowed before failure. If thers 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 desngned into the wall system all form the basis of
the separation distance criteria. -

4.1 Separation Distance Calculatlon_s

As noted in Sections 2.1 and 2. 2 ?spemf"czaocaptance criteria were determined
from referenced figures and formulas in the EPRI report. The derived values
n~ used for this study are supphed in the fgures in Appendlx C.

The EPRI report shows that a dufferent TNT equivalent should be used for liquid
hydrogen from that used {or gaseous hydrogen. Calculations wera 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 {0 datermine comphance or noncomphance.
. BT —a e

All reported and calculated va!ues ware tabulated with the derived values and
the compliance information. -.The ‘data are illustrated graphically and
summarized in Table 4-1 and in Flgure 4-1

4.2 Speclal Conslderauons for quuld:Hydrogan Storage
In the design’ of tmac litles, it ha been assumed that the tornado

design (lor missiles and wind loading) of the. d structyras (s enough to
prevent damage to hydrogen tanks MNP
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5. ESTIMATE OF EVENT Fnisdtjx_-;ﬂcv |

The approaches used to estimate the frequency of tank farm events included:
(1) evaluating nuclear reactar experience, (2) surveying the hydrogen supply
industry for their experiencs, (3) using published data for the hydrogen
industry, and (4) using published data for related-industries [e.g., Liquilied
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 componaent's failure raté to arrive at a system failure (rupture) rate.
The ditficulty of this approach lies in arriving at a representative system model
and in getting proper {ailure data. The system description Information supplied
was insufficient to allow a representative system model to be developed. There
may be considerable dsviations in system design depending on such factors as
whether small bottles or larger tanks ars used for storage.

5.1 Nuclear Powser Industry'..ﬁ;-.-é-naﬁca

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 Licensee Event Reports (LERs), NRC Information Notices, and
Nuclear Power Expariance Reports.- A review of these events determined that
none of the evenis Involved tank farms, but did Involve equipment in the

e ly=}
PRAUTY SR S S -
T .. e g e

- “ e te®e . 2a .
. TR TS e

farm events may Hot be evants [0f which reporting Is needed, and thers!
lack of data was not alone conclusive. .

ore, the

The results of other pravious searches for hydrogen-related experience can be
found in References 5-1 and 5-2, . NUREG/CR-3551 (Reference 5-2) identilies
two events involving tank farms at nuclear power plants (pages 25 and 26).
Other hydrogen-related events are discussed, but none was cansidered
suitable 10 the problem addressed here since they did not Involve nuclear plant
tank farms, Nuclear plant events assoclated with theligumsigeemmiaEapliE i

IR aro no '

o), £ultable to the outdoor tank farm situation.  An
NI SN | v olving liquld oxygen and
mpressed gas facllity was’

indantatx, et v
liquid hydfogen at a co
relevant.

The two evants Identified In NUREG/CR-3551 happened during tank relilling
operations and were the rasult of premature fallure of safely pressure reliof
disks. In both cages, water hndlentered the pressure relle! hanisms ang

£ ' % *gk- l .:-» ' ; 5&"’::?%.'3'3-&‘--**":“-;

B\ The othor cylinders In the roserva bank
pro not affected, It Is not possible to

also determined to be not

ana g sosn we o
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determine if a true detonation occurrad, but this Is assumed to be the case. Itis
also not possible to determine the volume of gas involved in the explosion or
reported to have a filled capacity of A

&

Al o v (o

Both nuclear plant tank farm events involved flow through the safety relief
rupture discs. It is expected that hydrogen Invalved in the explosion/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 size gs.{ho models used In the delermipistic.apalysis

3 EgR P [ 5. BT G AN R e (NS i R

-

The nuclear experience Identified can therefore be summarized as oné

explosion with a fireball, and one fireball. *
There are 1287 reaclor years (RY) of operaling experience for commercial
PWRs and BWRSs 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 genaral cancelling effect and there is an
average of one tank farm per reactor.s: This assumption Iis believed to be
reasonable, but it could not be verified with the'information avallable.

L e g
P
-

The estimated mean rates of major tank farm explosion, fire, and uncombusted
release are shown in Table 56-1. -+ :

Sin e

ene

Table -1 Nuclear Industry Frequency Estimate .

= Frequency

Explosion :
Fire :
Uncombusted Release

3

BSOS

Appendix D provides a detalled discussion of the derivation of these values.

T T SS
5.2 Survey of the Hydrogen Supply Industry
C g B

A survey was made of the hydrogen supply industry to determine If they

recorded fallure rates. This data would allow rates for tank farm exploslons,

son ! Woa LU AN 4 g -
A ‘e}..v. J;ri R

-a; e
)
4
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fires, and unbumed 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). 300w

One respondent showed that the type of events addressed here can only result
from the single catastrophic failure of a storage tank. Line 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 1E-05/tank-year was

5.3 Published Hydrogen lndustryData

R s A
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.

s SRR AR

FEPECS: hi_'c'h are itemized below:

This report does provide va!dz;ib!e'lﬁé.lghts
1. About 1/3 of the ottdoor hydrogen events Involved explosions, 1/3
involved fires, and 1/6 involved uncombusted releases (see page 49).
: kgt

2. Use of data assoclated ndoor’ ele‘és‘ of hydrogen Is not sultable
1o _outdoor app 1S, Tl : ST AR o : ;

-
. H -
s nlg -
et d 2

: AT

3. Based on steel industry data, the volumetric hydrogen release incident
rate is 6.4 times the corresponding volumetric release Incident rate for
natural gas. Based on data from the ol refining Industry, the volumetric
release incident rate for hydrogen Is 1.4 times the corresponding rate
for natural gas. Howaver, "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 ditferencas between hydrogen and natural gas.”

A MR e R
LRSS A L v N Y-
R nz.y,’.i,gs'ﬁry{eg HaY

$radyiin

5.4 Published Data from Related indusirles

The most suitable published data found Is from the liqulified natural gas (LNG)

industry (Reference 5-5), A summary of these data are presented with the

reservation that the LNG facllitles addressed are much ditferent from the nuclear

plant hydrogen storage Installations,s The LNQG storage systems are much larger
e e T

I AT Ee
Y
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iz and do not use the same size or type of tanks. The LNG values may be used as

st a reasonableness check and may be expected to have a higher failure rate than

L the nuclear plant installations.”

No safety-related failures were experienced from 1.18E+06 hours of LNG
storage system expserience. As explained in Appendix D, the LNG incident rate
data provides the results presented In Table §-2. The uncertainty associated
with these values is quite large since no events happened.
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Table 5-2 Published Related ‘.l‘nd@_stryfrequency Estimate
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Frequency
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Explosion
Fire STy
Uncombusted Releas_e

AR b o e
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quency Estimate

e L3 X

Frequency . )
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The frequency of events of the *iull fank® size Is expected to be significantly

lower than these recommended values; more than an order of magnltude lowor.
No data were found which; would allow such a determination, so thosa
consorvative (pessimistic) value‘ya,;;.are‘recommended for use untll bottor

EEINETS

Information becomes avallablo. i
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6. EXPLOSION DAMAGE

Damage from explosion invalves 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 byjlding 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 s of hydrogen involved. g R

s

.-
P o v A, ot Sy Cyor . g Y 2
2o SN TR LN T TS Oy % - s o 3L £ A AR AN ¢ o 2t

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 par,
the heat or thermal flux effect does not appear to be a problem for concrete or
metal structures because of their resistance to buming. Thermal flux eflects
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 ot explosions will be addressed
here. PR U A I ST

Estimating the damage from potential hydrogen evenls is very difficult because
of uncertalnty and varlabllity In the explosion size, the building wall
overprassure capacity, the varying vulnerabillity of different components, and the
location of salety-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. Thls section on explosion
damage is qualitative in nature because of lack of sclenlific data, and mersly
tries to provide a conservative bound for the potential significance of a
hydrogen event.

: . TANE AR 2
The equipment vulnerabllity and EZfety implications for the auxiliary and turbine
buildings are discussed below, 5 bl

LR
6.1 Equipment Vulnerabllity z

: PR e T RO

A subjective, qualiiative estimate of equipment vulnerabllity was made based
on the presumed relative locations of each type of equipment In any safety-
related bullding, It was assumod that an explosion led to fallure of the wall. The
resulting potontlal mechanisms alfecting the equlpment Include: overpressure,
loss of physical support, thermal flux, and debris/misslle loadings. Table 6-1
presents an estimate of whether the equipment vulnerability Is Judged "high" or

*low.* Pl

YU
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6.2 Equipment Locatlor;'lf_'C'S:rl:gjl_sc'l}fé'tﬁll6\'_is

= (e

WV

) The Information resutted from EG&G personnel
visits to thase sltes. Whila tha comparisons made In the figure refer to different
concerns, this tabulation Is useful In that relative locatlons and elevations of
safety-related equipment are presented.;: The conversations with the persons
who made these visits suggest that many, though not all, of the items ol
equlpmont mentloned are below grado level,: Tho purpose for using this figuro
was 10 take advantage of a compliation that enumerated the | Lintorogt— 2~
The report from which the figure came'[ﬂ? so mentlons that safoty
equipment In addition to being &t different levels Is also enclosed in separate
concrele cublcles to prevent common cause fallures from fire, flooding, pipe
whip, explosions, etc. It was noted that concrete cublcle wall thickness was
generally a minlmum © ‘Concrete floors and cellings between elevations
usually approached \ln hglckness;‘-g- Equipment items localed

<
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The safety-related equipméﬁizlfaatx{é'.gt::'o%r‘:gbéve grade level generally involves

‘tankage or mechanical components.’ . These components (pumps, heat
exchangers, and tanks) are by their usage in nuclear plants ruggedized to
conform to selsmic and tomado hardening and therefore have the ability to
resist blast effacts. 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.
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ERSISNESCSNN The safety significance of hydroen tank farm

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

demonstrated by showing

...that the rate of exposure to a peak positive incident overpressure above
1 psi (7kPa) is less than 10-8 per year, when based upon conservative
assumptions, or 10-7 per year. when based on realistic assumptions.”

Although this Regulatory Guide 1 91 criterion doss not apply directly, it Is
addressed here since it deals with a simllar facet of the general external
explosion damage concem. .

The frequency ot“hydrogen tank {arm explostons Is conservatively estimated in
Section 5 to be 1E- OSIRYthch clearl exceeds the Regulatory Guida 1.9

d compliance withwrth { e frequ
not recommended. '

Z

The frequency of hydrogen storage‘lnstallatlon exploslons Is esttmateme
1E-03/RY (see Section,5). In the absance ot more dotallod evaluafions, the
conditional probabilitie sslEiSsuAEIN e LTI e y

e ' . : ' Further plant-
specitrc evaluetions {0 refine these condltlonal probabllltles‘end potentially -
reduce the concern at somp planis are recommended. In the Interlm, the

lrequenc otsatety system damege Ia consarvallvely estimated to be 1E

but it also states that whlle.
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*... rasolution of several unrasolved safaty lssues (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 IPE is 1E-08/RY for core damage. This Is a lass
de andmg criterion than Regulatory=Gu|de R 91 idials

o0 ey LN 1~.|-l.

% X\ 5 A 5 : ‘3:.'. I it
Assessment of core -damage frequency is beyond the scope of this study. A
sL;ggested approach for this assessment is outlined in Appendix E for
information. z :
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8. CONCLUSIONS AND RECOMMENDATIONS

8.1 Concluslons

A praliminary review of the hydrogen slorage installations at commaercial
nuclear power plants has been performed. The following conclusions have
been reached ralative 1o comphance wlth 1he EPRI sepnration criteria:

<. ata(formmgthe bas sfor these 'compllanc etermnnallons) were
often imprecise or missing. Therefore, the air intake distance
determinations are judged less rehab!s than those for explosion
distance. R :

3. The calculated freuency for hyde storagé installatnon explosions
resulting in SRR E ARSI ;.Z’,_“ KRBl consarvatively estimated
Specilic evaluations could significantly

&

p
reduce this estimated frequency. -
8.2 Recommendations

As 2 result of this prnumlnary =ssessm nt, lhe following recommendations for
further study are suggested: - SR

1. The importance of hydrogen'tank'farm events relative to the overall
core damage frequency should be evaluated Iin a manner similar to the
IPE methodology. (A suggested approach is outlinad in Appendix E.)

‘*';u;:w; 5

2. Plant-specific a.xa!uauons 3! condltlonal wall fallure probabllnies should
be performe N, S e TR :

.r.'\.~

r~!

3. Plant-specific evaluaﬂons of safety‘
laiurshould also be erlorme '
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missiles merit further consideration and
g scope of this

study
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TABLE A-1.

COOES, STANDARDS REGU'ATIONS, AND PUBLISHED GOOD ENGINEERING
PRACTICES APPLICABLE T0 PERMANENT HYDRDGEN WATER CHEMISTRY
INSTALLATIONS

Standardsiand “regulations which may be

This Table 1ists codes,’
applicable to specific: permanent hydrpgen vater chemistry installations.

Reference

10 CFR 20
10 CFR 50.48
10 CFR 50.49

10 CFR 50

10 CFR 100
23 CFR 1910

-1;Append1x A, GeneraI Design Criteria for Nuclear
;.Power Plants, Genera1 Design Criteria 54, 55,

23 CFR 1910.103
23 CFR 1510.104

40 CFR 190

ASHE EPYC
ASHE BPYC
ASHE BPVC
ANSE AR3.)
ANST B31.1

Aust B31.3

st 235.1

Protection'of Environment - Environmental
;; Radiation Protection Standards for Nuclear
:PoweEAOpgngtions : -

. Plant-and Patroleum Refinery Piping
**qua Fugins
dlnt;Prlv1ntion Signs, Specification for




TABL

£ A-1.
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(continued)

Reference

AP] Standard 620

ASTH Gb&3-83a

ASTH (88-84

AWS

NFPA
HFPA
NFPA
NFPA
NFPA
NFPA

R
[ 3 [ 5]
3 X»

()
(]
3

CGA

CGA
oA

Dl.1
50

G-5
G-5.3
p-12

{'Standards and Requlations

Design and Construction of Large, Welded,

Low-Pressure Storage Tanks, America Petroleum

Institute Recommended Rules for
b (\# ..(-’ ‘v. «:"'

Eva]ueting Nonmetallic Materials for Oxygen

Service-

Gaseods Hydrogen Systems at Consumer Sites

Py
<R J“ "

FEE XN

Liquefied Hydrogen Systems at Consumer Sites

lndustrhf?ractices for Gaseous Oxygen
Transmission

and Dlstribution Piping Systems
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REGION 1

PLANT
1 |BEAVER VALLEY 1 34 |BROWNS FERRY 1
2 {BEAVER VALLEY 2 35 |BROWNS FERRY 2
_3_ICALVERTCLIFFS ¢ 36 |BROWNS FERRY 3
4 |CALVERTCLIFFS 2 37 |BRUNSWICK 1
5 [FMZPATRICK  / 38 |BRUNSWICK 2
6 [GNNA 39 (CATAWBA 1
7 |HADDAM NECK 40 |[CATAWBA 2
8 |HOPE CREEK 41 {CRYSTAL RIVER 3
9 [INDUNPT2-A 42 [FARLEY 1
10 {INDUN PT 2-B 43 |[FARLEY 2
11 [INDUNPT 3-A 44 [GEAND GULF 1
12 |INODWN PT 3-8 45 |GRAND GULF 2
13 {LIMERKCK 1 46 [HARR!S
14 |UMERICK 2 47 {HATCH 1
15 |MAINE YANKEE 48 [HATCH 2
16 [MILLSTONE 1 49 [MCOQUIRE 1
17 [MILLSTONE 2 50 |MCQUIRE 2
18 {MILLSTONE 3 51 {NORTHANNA 1 .
19 |NINE MILE POINT 1 52 |NORTH ANNA 2
20 ININE ML E POINT 2 53 {OCONEE 1
21 |OYSTER CREEK 54 |[OCONEE 2
22 |PEACH BOTTOM 2 55 |OCONEE 3
23 |PEACH BOTTOM 3 & |ROBINSON 2
22 |PRLGRM §7 |SEQUOYAH 1
S ISALEM ¢ §8 |SEQUOYAH 2
26 |SALEM 2 £9 |ST.LUCIE 1
27 |SEABROOK 1 60 |ST, LUCIE2
28 |SHOREHAM €1 |SUMMER
29 |SUSOUEHANNA 1§ 62 |SURRY 1
20 _|SUSQUEHANNA 2 63 |SURRY 2
31 DA 84 ITURKEY PT. 3
32 JVERMONT YANKEE 85 {TURKEY PT, 4
33 |YANXEE ROWE &8 IVOGTLE 1 1
\ Pl s oA Y | 87 IVOQTLE 2 |
68 |WATTS BAR 1 \
LEGEND WATTS 8BAR 2
22 GAS PLANTS AR INTAKE s
3 5 GAS PLANTS THERMAL FLUX |
4 = LIQUID PLAKTS EXPLOSIONF:E
5 = LIQUID PLANTS AIR INTAKE 4¢3
6 » LIQUID PLANTS THERMAL FLUX

o e Yo
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REGION 3 ,
PLANT [ l2]alals]e]. PLANT [1l2T3Tals]le

70 |BIG ROCK PT 4 “ g9 [ANO 1

71 |BRAIDWOOD 1 100]ANO 2

72 [BRAIDWOOD 2 101]COMANCHE PK 1

73 [BRAYON 1 102[COMANCHE PK 2
74 |BYRON 2 103|COOPER N
75 [CALLAWAY 104|FORT CALHOUN
76 |[CUNTON 1 105|FT ST, VRAIN-A
77 |COOK 1 106|FT. ST. VRAIN-B .
78 |COOK 2 107]RIVER BEND :
79 |DAVIS-BESSE 108]SO TEX1 ‘
| s {oreEscex2 109{SO TEX 2
s RESISNS THWATERECRO Y

B AR I WOGTRERK |

o (eroas 5 REGION 5 |

84 |KEWAUNEE % |- PLANT \

85 {LA SALLE 1 112|DABLO CANYON 1
26 {LA SALLE 2 113|DABLO CANYON 2
87 {MONTICELLO * 11141PALO VERDE 1
88 |PALISADES Bl ¥ |115[PALO VERDE 2
89 |PERRY 1 [} - | 116|PALO VERDE 3
90 {PERAY 2 £-1117|RANCHO SECO
91 | POINT BEACH 1 118 |SAN ONOFRE 1

7 [119]SAN ONOFRE 2
i [120]sAN ONOFRE 3
[121|TROUAN

: WNP.2

92 |POINTBEACH 2
93 |PRAIRE ISL 1 \
94 |PRAIRE ISL 2 \
95 JQUAD CITIES 1
96 {OUAD CITIES 2
97 1O 1

98 J2ON2

2 BT - 2
The EPRI compliance assssment was performed for a total plant population of
119 reactors. Y e . _
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11,
12.

13

14,

18,

A

FOOTNOTES FOR THE HYDROGEN TANK FARM TABLE

The data making up this table came from laformation supplied by Mr. Frank Wirt, NRC as compiled by
each individual regional stalf. R 5 " S

Some of the data was difficult to Intarpret. For example, at muhiple reactor sites, where only one
system served the site, the table credited each reactor with & system of the sama size. This could be
in er7or, but there was no way o dlanfy the lssue without going back to the source of the original data.

The distances noted in the tablo are sometim:es csh'matod ot extended from the data presented in the
NRC sourcs information in orderto put a ygluo inthe table.

The category, “closeness 1o the ak fhf&kat T 5 * Lo e
used the terminology °> 50 feet®, which has Ittle meaning, fide o 3 p 16 1abie
Thus, dosar attention to measurement data might have resulted In a larger propottion of complianca in
this area. e £ed g oS ETEYRA L

The values used to provide the co&zpaﬁsons w'iih calcula!oa iar taken lrom figures provided by the
EPRI NP-5283-SR-A, September 1987, document that garves s a guideline to Industry for Hydrogen
Water Chemistry systoms, T e

The data in the table ks displzyed aihabetical by region,
reported by NRC, betical by rogion,

Note that reactors sre grouped 23 gaseous storage o liquid starage.

The criteria of a single
This ranged fromiii

----L slnglo bonloor tube a3 the unht buk gas storage container.

- % e Ttan Nt ye i

Lot

' u &
Where there was no buk storage indicated, alth
table represanting the inventory of unit botles in use

AT N

This teble doss not address single or multiple use
cyknder use in plant will be the subject of a report
reactor sie. ne TR e

standard 215 sl gas cylinders of hydrogen. Gas
svalualing the used of combustible gases at the

s AR N ; -
The resuls are summarized in the summ rt which shows all the categories examined. These
heve been shown a3 pie charts to shaw the proportions of the tank farm systems that complied with
the separation distance requirements - T e ) L
The & columns &t the far right of th escriplive Information. The first column Is & record
numbet, the second column is the region number, the third numbar Is the type of reactor (1=BWR,
2+FYWR), and the lourth column Is the sz e (10400 MW, 2e401:900 MW, 33011300 MW)

SRS AR R T

The air intake cakulations were besed on the mumpilonl that all tanks farms used 1 in. dlamotor
supply plp:ng.u Uting that information the data Is then extracted from the figure In the appendix ehhar
for gas of Iquid, R T S

Hote that four of the liquid hydrogen u'tdo'rqp hld n gu eorﬁponcn!.




TABULATION OF NRR ALL HYDROGEN SEPARATION DATA

~D
/&[7’ REGION 2 £ &
AV (38 PLANTS) (38 ENTRIES) &S S /8
¥» A
d?qv '\"{J Q’é\ 2
PLANT S P SE (p‘g\' Sy CEAL g
| 1| BROWNS FERAY 1 a 2 1 3
{2 | BROWNS FERAY 1 2 2 3
3| BROWNS FERAY 3 a 2 3
4 | BRUNSWICK 1 T 2 3
s | BRUNSWICK2 3 2 1 3
6 | cATAWEA 1 l e 2 2 3
7 | CATAWBA 2 l s 2 2 3
8| CRYSTALRIVER3 | « 2 . 2
9 | FARLEY 1 @@ 2 2 2
FARLEY 2 . @ .2 2 2
GRANDGULF1 ./ PR 2o SRR B
GRAND GULF 2 2 02 '3 {:
HARRIS SUETAR AR IER L] S
HATCH 1 s et i) il
e mraie e
MCQUIRE 1 R E eI H B
MCQUIRE 2 ‘ ;_gﬁ:ﬁz%%;’;z Gaggafe
NORTH ANNA 1 eg i A2 ¥Rl L
OCONEE 1 .58 "_:‘ :"::; i :.' ‘: 4
OCONEE 2 Yttt N
OCONEE 3 ot bR i
AOBINSON 2 & 2 2 2
8T.LUCIE2 ©Q 2 2 2
SEQUOYAH 1 ® 2 2 3
SEQUOYAH 2 ] 5 2 2 3
SUMMER l &8 2 2 2
SURAY 1 | &1 2 2 2
SURAY 2 i s 2 2 2
TURKEY PT. 3 & 2 2 2
32 | TURKEYPT.4 n 2 2 2
33 | VOGTLE 1 N 2 2 3
34| VOGTLE 2 b7 2 2 3
35 | WATISBAR n 2 2 3
36 | WATTISBAR2 2 2 a
. : ', %
! i)
[\ Z__ . S

AR



TABULATION OF NRR ALL HYDROGEN SEPARATION DATA

REGION 1
(31 PLANTS) (33 ENTRIES)
f& ‘5"\(«- %
PLANT W
1 { BEAVER VALLEY 1 1 2
2 | BEAVER VALLEY 2 2 2
~3.|CALVERT CLIFES 1__ a 2
4 | CALVERT CLIFFS 2 4 2
5 | FITZPATRICK s 1
6 | GINNA T 6 2
7 | HADDAMNECK ' 7 2
8 | HOPE CREEK . a -1
g [ INDIAN PT. 2-A 2
10 | INDIAN PT. 2.

13 | LIMERICK 1
14 | LIMERICK 2 7'
15 | MAINE YANKEE
16 | MILLSTONE 1 - -y
17 |MILLSTONE2 7.
18 | MILLSTONE 3
19 | NINE MILE POINT 1
20 | NINE MILE POINT 2
21 | OYSTER CREEK
22 | PEACH BOTTOM 2
23 | PEACH BOTTOM3
24 | PLGRIM

25 | SALEM 1

26 | SALEM 2

27 | SEABROOK 1
28 | SHOREHAM
29 | SUSQUEHANNA 1
30 | SUSQUEHANNA 2
31 |T™mi
32 | VERMONT YANKEE
33 | YANKEE ROWE

~:.n‘..-;_'» e UMY
NN NNNOoN .

R

-5 ST P EIR T 3]
“mNUENOOULVUNUNUNN

RELEIZENLBR

(29 =r=
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TABULATION OF NRR ALL HYDROGEN SEPARATION DATA

REGION 3 > & <« . A
(29 PLANTS) (29 ENTRIES) < o P d)\‘*‘ A e Ny +<8
IEALS (S8 S s
S 7% @‘* G B

auambu»-[

1
3
3
3
3
. 3
ok B
¢ 3.
3
2 .
2
12 2%
13 17
14 37
I B
16 g
17 3
18 1
19 2
b0 a |/
;; 3
1
23 1
7] 1
=] 1
2
28 3
=i 3
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TABULATION OF NRR ALL HYDROGEN SEPARATION DATA .

REGION 4
(12 PLANTS]) (13 ENTRIES)

1

NORMUN-

e

CRZ230e

PLANT

—

.1 | DIABLD CANYON 1 126 5 2 3
2 | DIABLO CANYON 2 125 5 2 3

3 {PALOVERDE 1 121 5 2 3

4 | PALOVERDE 2 12 5 2 3

S {PALOVERDEJ 123 5 2 3

6 | RANCHO SECO 120 S 2 2

7 | SAN ONOFRE 1 128 5 2 1

8 | SAN ONOFRE 2 129 L] 2 k|

9 | SAN ONOFRE 3 130 5 2 3
10 | TRHGJAN 131 5 2 3 (
11 | WNP.2 124 5 1 3 ]

——

|
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TABULATION OF NRH LIQUID HYDROGEN SEPARATIONS DATA

2 3
3 2
A 2‘_:
5 2
6 2"
7 L2
8 2
9 1
10 3
11 3
12 2
3 2
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NUCLEAR AREGULATORY COMMISSION
“ RIGION}
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T w111l
" Regional Admin
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‘onomas T. Martin, Director

ivision of Reactor safaty
SYDROGEN STORAGE SURVEY AT REGION I
HUCLEIAR POWER PLANTS

(ACTION NO. 89-75)

- A3 ] ’

istrater

Attached a:i th ntl ¢rom the survey of Hydrogen storage
facilities at each of the Ruclear Pover Plants in Region I.
s BTV ot A RE LT T =

shis suzmary information has been talecopied to Conrad McCrackan
at NRR. Action Itam No. 85-78 is closed.

: ,&""— . /¢Z‘é

Thomas T. Martin, Dirsctor
pivision aef Reactor Safety
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; j;r:'il“?". NS
Cad e SRR RS

NAME

Beaver Valley 1..
Beavar Valley 2 -
Calysrt Cliffs 1
Calvert Cl4f{s 2
Fitzpatrick ‘
Ginna

. Haddan Neck

Hope Craek 1 & oo o Tt T
Indian Point 2 ’

Indian Point 3
Limerick 1
Limerick 2
Maine Yankee

Mi11stone 1
Millstone 2
Hillstone 3
MNine Mile }
NHine Mila 2
Oystar Craek

Pasch Bottom 2
Pesch Bottea 3
Pilgria
Salea }

Salen 2
Seabreck 1

Shorshas -
€usquehanna 1
Susquahanna 2
Thrae Mile I3
Vermont Yankae
Yankea Rowe
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HEMORANDUM FOR: Connd BcCrachn. Chhf. Chu{cn tngineering Eranch
FROM: Ednrd G. Gmmn. Dimtnr. Division of Reactor ProJects

This 1s 1a mpcnu tn thc Hny 2, 1989. pesarandun froa T. E. Murley to the

Reglons regarding trhtthtr othc
such 23 wera idmt‘lfhd l Enclostd {3 Reglon IIl's response to the
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memorandum dated May 2, 1989, from Mr. Thomas E. Murley,
{on and quantity of hydrogen storage at

requesting information
Regton 1Y plants. .o«

'ed in the enclosed attachment.,
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.Divijifn of Reactor Projects
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Ouestion No. 1

RESPONSES TO SURVEY ON HYDROGEN STORAGE
’ . REGION 1V

What {s the distznén fm 'thi"h'ydroqen storage facility to the nearest
safety-related structure or air jnum :
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Question o, 2%
1 . :

Wit 135 the rax{rm volure of gaseous or Viquid hydrogen stored cnsite in
standard cudbie faet qg:gmcns.‘mmtimﬂ
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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 "instantaneous” 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 fi res.: ::;;.- :

;»t\ f & H
The PRA Procedures Guide (Reference J.1) outllnes two basic methods for
analyzing data, the classncal method and the Bayeslan method. Both methods
will be used here. : .

D.2 Classical Method

The classical method mean and lnlerval irequency estimates for a Poisson
distribution are defined for n evems inT years by (Reference J.1, p. 5-23 and 5-
26):

Lower Confidence Limlt: X? (2n. )T

Mean:

Upper Confidence Lfmn:

The quantities X2(2n+2; 1-a) and x2(2n a) are 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
(see Reference J.2). : v

0%
0 Event 5.991
1 Event 9,488
2 Events 12.592

".ﬁ! "' X
* An Instanianoous evont Is doﬂnod'here s llng!e largo oxplosion or firoball
involving the hydrogen reloased, 8s opposed 10 a sorlos of oxploslons or firoballs,
Prolongod flamos and multipie small oxplosions or fireballs aro not oquivalon! 1o ono
“instanianoous® ovent In torms of the poak ovorpromro. thormal flux, or hydrogon
conconlrations 8! tho alr pnlhway.ggm};w{e‘,

Pk




For the case where no events have occurred (e.g. uncombusted hydrogen
releases), the mean fraquency 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 ca!culated for the case where no events have
occurred.

D.3 Rayesian Method

The Bayesian mean and symmetrical probability intervals for a noninformative
prior distribution are defined for n events in T years by (Relerence J.1, p. 5-50):

5th percentile:

Mean:

95th percentile:

The quantities X2(2n+1; 0.05) and X2(2n+1: 0.95) are chl-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.

Q5%
0 Event 3.841
1 Event 7.815
2 Events 11.07
D.4 Besulls
Using both the classical and the Bayesian methods, the resulting frequencies
are as follows: B R T Lt
UNCOMBUSTED P>
RELEASE 3ns EXPLOSION FIRE
- FREQUENCY FREQUENCY
: (perRY) (e RY)
Classical Mothod:
5% Confidonco Interval 4.0E-05 2.BE.D4
Moan AR 7.8E-04 1.6E.03
95% Confidance lntorval 3.7E-03 4,9E-03
Bayosian Mothod: L
5 Porcontilo 1.4E-04 4.4E-04
Moan 1.26:03 1.9E-03
5 95 Porcontilo 3.0E-03 4,3E-03
5
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The Bayesian method produces slightly more conservative results, and it is
recommended that these more conservatlve resuhs be used.

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

2 lu-.,ﬁ‘ngi,.\ g 5"!.‘ P,

;J'{qcoueusreo 5

R L N B R A A G A e A b s ik et o e sl a2
S PR AR AT S & A A DN o Bt NS St RS e b i d’ GhisA i

FIRE
FREQUENCY
(per RY)
Classical Method:

5% Confidence Interval - -

Mean .1 - -
85% Confidence Interval 1.5E-02 1.5E-02

gl Bayesian Method:

5 Percentile 9.6E-06 9.6E-06
Mean 2.4E-03 2.4E-03
95 Percentile 9.3E-03 9.3E-03

As discussed in seclion 5 the LNG ‘data are not oonsldered to be directly
applicable to the nuclear power plant storage installation because of the
ditferences in size and the fact that It is liquified. The LNG experience base is
much smaller (205 years versus 1287 years ol nuclear experience), which
makes its results more unceﬂaln.j‘ R AR .

w et s “’
'):n;"v..,b!":‘( ,\‘F

The LNG mean results are 1 {0 6 {imes greater lhen the nuclear experience
results for hydrogen. This result appears at {irst 1o be in conflict with the Factory
futual tinding that hydrogen release events may be 4.5 times more frequent -
than LNG events. This apparent discrepancy can easlly be explalned by the
larger LNG uncertainty and the much larger LNG storage capacity. Taking
these factors into account, the LNQ results confirm that the nuclear experience
values are reasonable, -3 G

rh;*
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1. U. 8. Nuclear Rogulatory 5ommlselon. 'PRA Procedures Quide - A Guido to
the Porformance of Probabllisiic Risk Assessments for Nuclear Power
Plants,” USNRC NUHEG/CR 2300, Janunry 1983,
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2. T.T. Soong,
Englaoering, John Wiley & Scml, 1981.:-_5,.;2 ]
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Region 1 represents the casze where
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E.0 Introduction S

) T ..-‘%,".'.',_«‘:%Z.,m 'g_. : SR
This appendix presents an alternate methodology 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 nore dEfinitively assess the significance of

hydrogen storage installation risks.u: 2

4

Specifically deleted from this on 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 ee s TP

DAY
torage

3

- e

E.1 potential Impacts 6: Hydfég ‘”S

Eihx Events
The potential impacts associated with“a hydrogen tank explosion or fire
can be one of four possibilities,:2s demonstrated in the Venn diagram
of Figure K-l1l. Each of the tour,possibl#ties, as represented in the

diagram, are described below: :: g

Desradas Slf“} System -

Causes /nitlating avart,
whick challanges Safeiy
System,

SREN RO e

fi“hydrogln svont results in the
degradation of the plant’s abllity to respond to another indepondent
initiating event. 1In this cass,:the hydrogen event does not challenga
the pafety systens, it only decreases the safety system’s abllity to
respond to other challenges.::An example of an event in this region ias
a2 hydrogen explosion which fails“an auxiliary building wall and reaulta
in a loss of a high pressure safaty, injection pump. Loaso of HPI
capability does not directly threaten the plant, but it inmpairs the

plant’s abllity to respond, :iiismEirse
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Region 2 represents the case where a’'hydrogen 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.

Region 3 represents the casa‘iﬁéga a'hiﬁngéﬁ"évent 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
systens. PaRIeS Y IS TR

. Region 4 represents the case where the explosion 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 1, 2 & 3) will now be discussed in greater detail.

E.2 Degradation of the Plant’s Ability to Respond
e iR e At IRt
Hydrogen 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 cocoled to a safe configuration
within 24 hours. If the hydrogen event occurs first and a safety
systen is izpaired, the plant nust be brought to safe configuration
within 86 hours (per Westinghouse Tech Specs based upon a discussion

with J. C. Stachaev¥). The window of vulnerability is conservatively
considered to be 110 hours, . .- B Ry N ST e gy

kbt o 2

The frequency for & given Reiion 1 evaent (;L ). is therefore the product
of the annual independent initiating avent frequency (Fs;e) times the

probability (P(SI)) that an essantial safety system will be impairad
due to a hydrogen event duriqg';po.w;ang of vulnorability.

P(5I) is the product of the rate of explosions (A\) times tha duratlion
of vlinerability (t), using the Ate-approximation. This conservativaly
assumes that all explosions williresult:in ippalrment of the essential
safaty system. This conditionaliprobabllity of damage is certainly
less than 1 (0.1 may be more realistic):v. The rate of explosions was
found in section 5.5, the lxplqglon;;atuill 1,4E=07/hr, The window of
vulnerabllity is 110 hrs, lpzﬁwﬁ.‘%ﬁﬁﬁf

110 hrs
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Based upon the NRC Generic Letter GL 88~20 (Reference 7.2), the overall
screening frequency for functional sequences is 1E-06/yr. This
1E-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 beocmes 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 1 which must be addressed are those

RIS

1,5E-05 Fyg > 1.0E=06/yT :
- Fpg'> . 6.6E=02/yr;

These initiating events will includa loas 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 XK.l). The train and systen
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. T b i T

E3 Initiating Events Caused By Hydrogen :f;cplosiona

AL T A P S g
REME S gk b MRt ISP B

FTor 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" !rnquog;yé(ﬂh ) is:

oK
&1

vhere F,;, is the initiating event frequency excluding hydrogen
explosions and F,, is the fraquency of hydrogan explosions which produce
this initiating event. An initiating avent will not occur each time a
hydrogen explosion occurs, but.is dopendent upon the conditional
probability that an initiating event occurs given a hydrogen event has
occured "(P(IE|HE)}s Pt AT Sl

. "

cantly different from the
original frequancy, then the hydrogen svent can be ignored since it
vill not significantly increasa . the frequency of core damage, GL 88=20
states that functional sequances must be addressed if they contribute
more than 5% of the core danmage fraquency,:. It will arbitrarily be
assuned here that hydrogen=initiated events can be ignored if they
contribute less than 108 of the gliven:initiating event’s ovarall
frequency. Any given initiating event will contribute lass than 100%
of the total core damage frequency;:and therafora o 10% increase in a
iven initiating event’s overall:frequency will hava less than a 10%
?npuct on the total core dunngc;:g’qg’ncy.
X G L8 X : ,E "
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then the initiating events

E.* P(IE|HE)
A T 0
Since section 5.5 recommends a hydrogen 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(IE|HE) = 1).i'Generic sources for initiating
event frequencies (e.g. References K~l) 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
nust 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:

S SRR TR,

1) Disaiss initiating events which occur inside containment (e.gq.
most LOCAs) since the containment is typically not the safety
related building in violation of geparation distance and the
reactor containment is considercd{nuch more blast worthy.

2) Dismiss initiating events when the screening criteria would be
met if a more reasonable P(IE|HE) 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/feedlina braeak)

There are sonme additional factors which nmust be considered before the
screcnad initiating events are finally dismissed. Consideration must
also ba given to the possiblity that a hydrogen axplosion will produce
soae distinguishing difference from the initiating events caused by
othar sources. For example, & hydrogen explosion near a switchyard may
interrupt offsite pover for an abnormally long duration, which is a

fﬁﬁ?ct? Systen Degrading Events

-
SRR VS et 0 e N e I

- & 2 W SR oo
STARATERAIGREES L

Reglon 3 events can be handled {n'a manner similar to the mothods
outline above in sections K.2 and K.3.:: Due to time constraints, this
effort could not be undertaken at this t

)

aii:
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ES conclusion _

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 darage frequency, but
further refinements are required to d
case. 3 ;
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