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Tennecsee Valley Authority

ATTNs Mr. Jawes E. Watson
Manager of Pover

€16 Power Fuilding

Chattanocga, Tennessee 37401

Centlemen:

The purpose of this letter is to inform you of a2 potential cafety cuevtlcu
whvch has been raised regarding the Jdeszign of reactor pressure veesel
support systems for pressurized water reactors (FFR g). .

Cn May 7, 1975 the MRC was informed by a licensee that certein transient loads
on the reactor veesel support members that would result from a postulated
rexctor coolant pipe rupture immediately adjacent to the reactor xessel had
been uncderestimated in their original deﬂlcn enelyses,

It is the WRC staff's opinion that the cuestion related to the treatwent of
transient loeds in the design of reactor vessel support systers may oorly
tc other FWR facilities, especially those for which the design enalvses were
perforred some time ago. We have therefore initieted a systemztic review

of this matter tc determine how these loads were taken into account on

other FWR facilities, end what, if any, ccrrectlvc reasures mey ke required
for specific fac111txeq.

The rcsults of licensee studies reported to date indicate that, although

the warains of safety may be less than oriqinally intended, the reactor
vessel suprort system would retain sufficient structursl intearity to support
the vessel and that the ultimate consequences of this postulated accident
wh;ch could affect the general public are no worse thon oricinally stated.

e hove not completed our independent evaluation of these studies., However,
based on the results of ocur evaluation of thig rhenomenon to date and in
recoanition of the low rrobability of the particular pipe rupture which
could lead to afditional transient loads on the support systems, we conclude
thet continued reactor ogeration and continved licensing of facilities for
operation ore acceptable while we conduct our ceneric review.

Ve recuest that you review the desian bares for the reactor vessel support
syster for your facilitv(ies) to deterrine whether the transient loads
dezcribed in the enclosure were taken into account zappropriately in the
desior. Flease inforrm ue of the results of your réview within 3C days.
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The attachments to thé enclosure are provided to indicate the information
that could ke needed, should we determine, on the basis of your
review, that a reassesgment of the vessel support fesign is reguired,

Ve are continuing to evaluate and review the methofology for calculating
the subccoled blowdown loads with the nuclear steam system suppliers. -
You should cecntact vour nuclesr steam svsterm sunplier for information
recgarding these calculations if necessary to corplete your review.

This recuest for ceperic iniformation wes sotroved by CRC under a blanket
clearence numher B-180225 (RC072). This clearance ewpires July 31, 1977.

Sincerely,

Karl Kniel, Chief
Light Vater keactors Erench Z-2
Eivisien of Reactor Licensing
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ENCLCSURE

STATEMENT OF ‘THE PROBLEM
AN 1, : .

In the unllkely event of a FWR primary coolant system pipe rupture in the

" immediate vicinity of the reactor vessel, tran51ent’loads oriainating from

three principal ceuses will be exerted on the reactor vessel support system.
These are:

1. Blowdown jet forces at the 1ocati0n of the-rupture (reaotion forcee)}'

2. Transient differential Dressurec in the annular region between the vessel
and the theld, and :

3. Tran51ent dlfferentlal preseures across the core barre] within the reactcr
vessel°

The blowdown jet forces are adequately. understood and desian procedures are

~available to account for them. Both of the "differential pressure"” forces,

however, are three-dimensioral ard time dependent and reguire sophisticated
analytlcal procedures to translate them into loads actino on the reactor
vessel support system. 211 of the loads are resisted by the inertiaz and
by the support members and restraints of other components of the primary
coolant system includino the reactor pressure vessel supports.

The transient differential pressure acting externally on the reactor vessel
is a2 result of the flow of the’ blowdown effluent in the reactor cavity.. The
magnitude and the time dependence of the resultlna forces depends on the
nature and the. size of the pipe rupture, the clearance between thé vessel
and the shield and the size and location cf the vent openings leading from
the cavity to the containment as a whole. For some time refined apalytical
methods have been availaskle for calculating these transient differential
pressures (multi-nocde analyses). The results of such analyses indicate

thet the consequert loads on the vessel support system calculated by less
sophisticated methods .may nct be as conservative as originelly intended for
earlier desians. Attachment 1 to this:enclosure provides for your information
o list of information recguests for which respcnses could be needed for a
proper assessment of the impact of the cavity differential pressure on the
design adequacy of the vessel support system for a power plant. -
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The controlling loads for desion purposes, however, appear in typicel cases
to be those associated with the internal differential pressures across

the core barrel. The internally generated loads are due to a momentary
differential pressure which is calculated to exist across the core barrel
when the pressure in the reactor annular recion between the core barrel

and vessel wall in the vicinity of the rupturec¢ pipe is assumed to repidly
decrease to the saturation pressure of the primary ccolant due to the ocutflow
of water.  Althouab the depressurization wave travels rapidly around. the

core barrel, there.is a finite period of time during which the pressure in
the annular reaion opposite the brezk location is assumed to remain at, or
near, the original reactor operating pressure. Thus, transient asymmetriceal
forces are exerted on the core barrel arné the vessel wall which ultimately
result in transient lcads on the support systems. These are the loads which
were underestimated by the licensee originally reportino this proklem and
which may be underestimated in other cases. They are therefore of generic
concern to the staff. Attachment 2 to this enclosure provides for your
information a list of information requests -for which responses would be neeced
for a proper essessment of the impact that the vessel internal differential
pressure, in conjunction with the other corcurrent lecads, could have on

the desian adequacy of the support system. e ; -

In that there are considerable dlfferences in the reactor support cycten
decians for verious facilities and prohably in the deqlqn maerains provided

by the desianers of older facilities, the underestimation of these "dlffer—
ential pressure" loads’ ‘may or may not result in a determination that -the
adecuacy of the vessel eupport system for a specific facility is gquestion-

able. Since local failures in the vessel supports (such as plastic Jdeformation)
do not necessarily lead to the failure of the supports as an- intearel. system, '
there may be some limited reactor vessel motion provided that nc further
sionificant conseguences would ersue and the emergency core coollnq cystems
(ECCS) wou]d be _akle. to perform their: 6e51qn functions. - . .
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ATTACdHENT']

CONTAINMFNT SYSTEMS BRANCH ‘ | :

REQUEST FOR ADDITIONAL INFORMATION

. ""\ . ,‘*-‘!“' :

In the un11ke1y event of a p1pe rupture 1ns1de maJor component subcompartments, _
the 1n1t1a1 b]owdown trans1ent would 1ead to non-uniform pressure 1oad1ngs

‘1‘on both thegeﬁnuotures‘enqnenc1gsed components.,‘To assure the <dntegrity of

| these deSign features; we request that you penform a compartment multi-node -

4 w'

._;pressure response ana]ys1s to provide .the fo]]ow1ng 1nformat1on

(a) The resu]ts of ana]yses of the differential pressures resulting
. from,hot,1eg and cold leg (pump suction and d1scharge) reactor coolant
«{sys§en;pioe ruptures within the reactor cavity and pipe penetrations.
(b) Describe pheﬁnooe1j2ation‘sensitﬁvity,study performed to determine
| theAminimum~numben‘of<vo1ume nodes.reqoired to conservatively .
predict#the,meximun»preSsUne wijhin tne,reactor cavity. The
" nodalization sensitivity study should fnc1ude consideration of
.spatial'pressore(variatfong e.g., pressure veniations'circumferential1y,v
| exiq]}yfenofradia]1y within the reector caQitya
(c) AProvjoeAa>§chematic,drawing showﬁng the noda]izafion of the reactor
cavity. Rrovioe;a tabu]ation-of the nodal net free Qo1umesiand -
'_; intenconneetjng}flow path areas..
(d) PrQde?_Su%ficieht1y~detai]ed plan and sectionedraWings for several
- views snowing,fhe.arrangement of the reactor cavity structure, .
reacfor-veesei, piping, and othef'major obstructions, .and vent areaé,
to permit verification of the reactor cavity nodalization and Vent
Tocations. |

(e) Provide and justify the break type and area used in each analysis.



(f)

(g)

(h) .

(i)

(5)

Provide and justify values of vent Tloss coefficients and/or frictfpn

_factors used to ca]culate flow between noda1 vo]umes When a Toss |
,coeff1c1ent consists of more than one component, 1dent1fy each
_component, its value and the flow area at which the loss coeff1c1enp
~applies. | ‘ - |
- Discuss fhe manner ‘in wnicn movabﬁe'obstructions‘to vénffflmuw'

- (such as insulation, ducting, plugs, and seals) were fféatedf Provide

analytical justification for the removal of such ifems,tb'obfain vent
area.. Provide justification that vent areas witl not be pa?tia]]yﬁpr,
completely plugged by displaced objects. " ‘ -

Prov1de a tab]e of blowdown mass flow rate and energy release rate as

"a function of time for the reactor cav1ty des1gn bas1s acc1dent

Graphically show the pressure (pswa) and d1fferent1a1 pressure (ps1)
responses as functions of time‘fon each node. Discuss the basis fonj
establishing the differential pressures. o -
Prov1de the peak ca]cu]ated d1fferent1a1 pressure and time of peak ‘
pressure for each node, and the design d1fferent1a1 pressure(s) for ‘the
reactor cavity. Discuss whether the deslgn d1fferent1a1 pressure s
uniformly applied to thelreaetor cavity or whether it is spatially '
varied. (Standard Review Plan 6.2,1;2,'Subcompartmenf'Anaiysis attached,
provides additional guidance in estab]ishing-acceptable.design:Values,

for determining the acceptability of the calculated results.)
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U.S. NUCLEAR REGULATORY COMMISSION February, 1975

STANDARD

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 6.2.1.2 SUBCOMPARTMENT ANALYSIS
REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch {CSB)

Secondary - Mechanical Engineering Branch (MEB)
Core Performance Branch (CPB)
Auxiliary and Power Conversion Systems Branch (APCSB)
I. AREAS OF REVIEW
The CSB reviews the information presented by the applicant in the safety analysis report
concerning the determination of the design differential pressure values for containment sub-
compartments. A subcompartment is defined as any fully or partially enclosed volume within
the primary containment that houses high energy piping and would limit the flow of fluid to
the main containment volume in the event of a postulated pipe rupture within this volume.
A short-term pressure pulse would exist inside a containment subcompartment following a
pipe rupture within this volume. This pressure trdﬁsient produces a pressure differential
across the walls of the subcompartment which reaches a maximum value generally within the
first second after blowdown begins. The magnitude of the peak value is a function of
several parameters, which include blowdown mass and-energy release rates, subcompartment
volume, vent area, and vent flow behavior. A transient differential pressure response
analysis should be provided for each subcompartment or group of subcompartments that meets
the above definition. '

The CSB review includes the manner in which the mass and energy release rate into the break
compartment were determined, nodalization of subcompartments, subcompartment vent flow
behavior, and subcdmpartment design pressure margins, This includes a coordinated review
effort with the CPB. The CPB is responsible for the adequacy of the blowdown model.

The CSB review of the mass and energy release rates includes the basis for the select1on of
the pipe break size and location within each subcompartment containing a high energy line
and the analytical procedure for predicting the short-term mass and energy release rates.

The CSB review of the subcompartment model includes the basis for the nodalization within
each subcompartment, the initial thermodynamic conditions within each subcompartment, the
nature of each vent flow path considered, and the extent of entrainment assumed in the vent
flow m1xture The review may also include an analysis of the dynamic characteristics of
components, such as doors, blowout panels, or sand plugs, that must open or be removed to

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of Nucl R R lation staff resp: ible for the review of applications to conatruct and
oporno nuclear power planu These d. are mndo ilable to the public as part of the Commission’s policy to inform the nuclear industry and the

dard

] | public of \ dures and polici d review plans are not substitutes for regulatory guides or the Commission’s regulations and
comptiance with them is not raquirad The standard review plan sections are keyed to Revision 2 of the Standard Format and Contant of Safety Analysls Reports
for Nuclear Power Plants. Not all sections of tha Standard Format have a corresponding review plan.

Published standard review plans will be ised periodically, as appropri to d and to reflect new information and experience.
Coplas o' -tandard review plans may be obtalnad by request to the U.S. R yC issi W i D.C. 20565 ( Oﬂicg of Nucl
C and for imp will be d und nhould nluo be sent to the Omce of Ni R« I
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provide a vent flow path, and. the methods and results of components tests performed to
demonstrate the validity of these analyses. -The analytical procedure to determine the loss
coefficients for each vént flow path and to predict the vent mass flow rates, including
flow correlations used to compute sonic andlsubsonic flow conditions within a vent, is re-
viewed, The design pressure chosen for each subcompartment is also reviewed. On request
from the APCSB, the CSB evaluates or performs pressure response analyses for subcompartments
outside containment.

The MEB is responsible for reviewi: the acceptability of the break locations chosen and
of the design criteria and provision. methods employed to justify limited pipe motion .

for breaks postulated to occur within subccmpartments (See Standard Review Plan 3.6.2).

ACCEPTANCE CRITERIA

1. The subcompartment analysis should incorporate the fo]]owjng assumptions:

a. Break locations and types should be chosen according to Regulatory Guide 1.46 for
subcompartments inside containment and to Branch Technical Position MEB 3-1
(attached to Standard Review Plan 3.6.2) for subcompartments outside containment.
An acceptable alternate procedure is to postulate a circumferential double-ended
rupture of each high pressure system pipe in the subcompartment.

b.  Of several breaks postulated on the basis of a, above, the break selected as the

.reference case for subcompartment ana]yéis should yield the highest mass and
energy release rates, consistent with the criteria for establishing the break
location and area. .

C. The initial plant operating conditions, such as pressure, temperature, water
inventory, and power level, should be selected to yield the maximum blowdown
conditions. The selected operating conditions will be acceptable if it can be
shown that a change of each parameter would result in a less severe blowdown
profile.

2. The analytical approach used to compute the mass and energy release profile will be
accepted if both the computer program and volume noding of the piping system are
similar to those of an approved emergency core cooling system (ECCS) analysis. The

" computer.programs that are currently acceptable include SATAN-VI (Ref. 24), CRAFT
(Ref. 23), CE FLASH-4 (Ref. 25), and RELAP3 (Ref. 21), when a flow multiplier of
1.0 is used with the applicable choked flow correlation. An alternate approach,
which is also acceptable, is to assume a constant blowdown profile using the initial
conditions with an acceptable choked flow correlation. When RELAP-4 is accepted by

. the staff as an operational ECCS blowdown code, it will be acceptable for subcompart-
ment analyses.

3. The initial atmospheric conditions within a subcompartment should be selected to max-
imize the resultant differentia]_pressufe. An acceptable model would be to assume air
at the maximum allowable tempéﬁsthre, minimum absolute pressure, and zero percent rel-
ative humidity. "If the assumed initia]natmospheric conditions differ from these, the
selected va]ues.shou1d be justified. .

6.2.1.2-2
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Anothef model that is also acceptable, for a restricted class of subcombqrtments, in-
- volves simplifying the air medel outlined above. For this model, the initial atmos-

phere within the subcompartment is modeled as a homogeneous water-steam mixture with
an average density equivalent to the dry air model. Thfs approach should be limited

" to subcompartments that have choked flow within the vents However, theladequacy of

this simplified model for subcompartments having primarily subsonic flow through the
vents has not been eétablished. '
Subcompartment nodalization schemes should be chosen such that there is no substantial
pressure gradient within a node, i.e., -the nodalization scheme shoh]d,be verified by a
sensitivity study-that includes increasing the number of nodes‘unti1vth¢ peak cal-
culated pressures converge to_sma11 resultant changes. . ’

If vent flow paths are used which afe notlimmediate1y available at the timé,of pibe
rupture, the following criteria apply:

a. The vent area and res1stance as a funct1on of t1me after the break shou]d be
based on a dynamic analysis of the subcompartment pressure response to pipe
ruptures.

"b. The validity of the analysis should be supported by experimental data or a

testing program should be proposed at the construction permit stage,thaf will
support this analysis. ' '

c.. The effects of missiles that may be generated during the trans1ent shou]d be
considered in the safety analysis.

The vent flow behavior through all f]qw péths within the nbda]ized bompartment model
should be based on a homogeneous mixture in thermal equilibrium, with the assumption
of 100% water entrainment. In addition, the selected vent critical flow corre]ation

“should be conservative with respect to available experimental data. Currently aécept-

able vent critical flow correlations are the "frictionless Moody" with a multiplier of
0.6 for water-steam mixtures, and the thermal homogeneous equilibrium model for
air-steam-water mixtures,

At the construction permit stage, a factor of 1.4 should be applied to the peak

differential pressure calculated in a manner found acceptable to the CSB fpr the

subcompartment. The calculated pressure multiplied by 1.4 should be considered the

design pressure. At the 6perating license stage, the peak calculated differential
pressure should not exceed the design pressure. It is expected thqt the peak calcu-
lated differential pressure will not be substantia]ly'different from that of the
construction permit stage. However, improvements in the analytical models or. changes
in the as-built subcompartment may affect the available mafgin.

REVIEW PROCEDURES

The procedures described below are followed for the subcompartment analysis review. The
reviewer selects and emphasizes material from these procedures as may be appropriate for

.6.2.1.2-3



a particular case. Portions of the review may be carried out on a generic basis or by
adopting the results of previous reviews of plants with essentially the same subcompartment
and high pressure piping design.

The CSB reviews the initial conditions selected for determining the mass and energy release
rate to the subcompartments. These values are compared to the spectrum of allowable opera-
ting conditions for the plant. The CBS will ascertain the adequacy of the assumed conditions
based on this review,

The CSB confirms with the MEB the validity of the applicant's analysis of subcompartments
containing high energy lines and postulated pipe break locations, using elevation and

plan drawings of the containment showing the routing of lines containing high energy
fluids. The CSB determines that an appropriate reference case for subcompartment analysis
has been identified. In the event a pipe break other than a double-ended pipe rupture is
postulated by the applicant, the MEB will evaluate the appYicant's justification for
assuming a limited displacement pipe break.

The CSB may perform confirmatory analyses of the blowdown mass and energy profiles within

a subcompartment. The analysis is done using the RELAP3 computer program (See Reference
2] for a‘description of this code). The purpose of the analysis is to confirm the predic-
tions of the mass and energy release rates appearing in the safety analysis report, and to:
confirm that an appropriate break location has been considered in this analysis. The use
of .RELAP3 will continue until the RELAP4 computer code has been approved by the staff as
an acceptable blowdown code. At that time, the CSB will replace RELAP3 with RELAP4A for
all subsequent analyses.

The CSB determines the adequacy of the information in the safety analysis report regarding
subcompartment volumes, vent areas, and vent resistances. If a subcompartment must rely
on doors, blowout panels, or equivalent devices to increase vent areas, the CSB reviews
the analyses and testing programs that substantiate their use.

The CSB reviews the nodalization of each subcompartment to determine the adequacy of the
calculational model. As necessary, CSB performs iterative nodalization studies for sub-
compartments to confirm that sufficient nodes have been included in the model.

The 'CSB compares the initial subcompartment air pressure, temperature, and humidity condi-
tions to the criteria of II, above, to assure that conservative conditions were selected.

The CSB reviews the bases, correlations, and computer codes used to predict subsonic and
sonic vent flow behavior and the capability of the code to model compressible and un-
compressible flow. The bases should include comparisons of the correlations to both
experimental data and recognized alternate correlations that have been accepted by the
staff.

6.2.1.2-4
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Using the nodalization of each subcompartment as specified in the safety analysis report,
the CSB performs analyses using one of several available computer programs to determine
the ‘adequacy of the calculated peak differential pressure. The computer program used will
depend upon the subéompartmeht under review as well as the flow regime. At the present
time, the two programs used by the CSB are RELAP3 (Ref. 21) and CONTEMPT-LT (Refs. 7, 8,
and 9). A multi-volume computer code is currently under development{

At the construction permit stage, the CSB will ascertain that the subbompartment design
pressures include appropriate margins above the calculated values, as given in II, above.

EVALUATION FINDINGS

The conclusions reached on completiop of the review of this section ére presented in
Standard Review Plan 6.2.1. '

REFERENCES

The references for this plan are those listed in Standard Review Plan 6.2.1, together with
the following:- ‘

la. Regulatory Guide 1.46, "Protection Against Pipe Whjp'Inside Containment.”

v

.2a.” ‘Standard Review Plan 3.6.2, "Determination of Break Locations and Dynamié Effects

Associated with the Postulated Rupture of Piping," and attached Branch Technical
Position MEB 3-1, "Postulated Break and Leakage Locations in Fluid System Piping
Outside Containment," N -

6:.2.1.2-5
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-ATTACHMENT 2

MECHANICAL ENGINEERING BRANCH

- REQUEST FOR ADDITIONAL INFORMATION

Recent.analyses have shown that reactor pressure vessel supports may be
subjected to previous]yfunderestimatedilateral'ioads under the conditions
that would exist if an instantaneus double ended break is postulated in

the reactor vessel cold leg pipe at the'vesséT«nozeTef‘“It'is thereforeh

| necessary to reassess the capability of the'réaEtor-coo]ant system supports

" to ]imit ‘the calcutated motion ofithe reactorrvessél dUring‘a'postuleted cold

leg break within bounds necessary ‘to assure a h1gh probab111ty that the -

reactor cou]d be brought safely. to"a- co]d;shutdown cond1t1on

o _The fo]10w1ng 1nformat1on 15 requ1red for purposes of mak1ng the necessary

reassessment of the reactor vesse] supports

}

j. Prov1de eng1neer1ng draw1ngs of the reactor support system suff1c1ent

of

,to show the geometry of a11 pr1nc1p]e e1ements and mater1a]s o0f eon-
struct1on | _ R H ‘ '-’M
2. Spec1fy the deta11 des1gn 1oads used in the or1g1na1 des1gn ana1yses of
1 the reactor supports g1v1ng magn1tude, d1rect1on of app11cat10n and the
.bas1s for each,load, A]sovprov1de the ca]cu]ated maxmmum stress 1n'each'
‘principleve]ement.of the support system'and the oorresponding.e11owab1e =

-stresses

.3. 'Prov1de the 1nformat1on requested in 2 above for the RV supports con—_'

's1der1ng a postu]ated break at the co]d ]eg nozz]e Inc]ude a summary
“of the ana]yt1ca1 methods emp]oyed and spec1f1ca11y state the effects of .

short term pressure d1fferent1als across the core barre] in comb1nat1on
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with all external 1o§dings caTcu1a¢ed'to resui? from the required

postulate. This analysis should éoﬁsidef:

(a) .1imjtéd,displétgﬁent break argds'whgre abp]jéab]e

(b) congidgration of.fluid structure interaction -

(c) ‘use of actual time dependent forcing function

(d) . reactor supportﬂstiffhess;

If the results of_the_anq1yses.reQuired by 3 above indicates Toads -

]eading to ine]ast§Cfaction,in the reactor supports or disp]acements

exceeding previous design Timits provide an éva1Uation of the.fol]owing:

(a) }Yield behavior (effects of possibTe,strain'energy'bui]dUb) of "the
material used in tﬁe reéctor support design’ahd the effeét-bn the loads

~ transmitted to the reactor cooiantléyétem and the backup o

structures to which the reactor copIént system supports éfe attachpd..

. (b) Thé adequacy'of‘£he réacto; eoo1ant system piping,_contr91 rod

driveé; steam generafdr and pump supports, struéturés'surrobnding

Vthe reactor}godTant system, reactbr.iﬁferna1s and ECCS pipihg_

“ji

‘to assure that the reactor can be safely brought to to]d,shutdown.



