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Gentlemen:

The enclosure to this letter identifies information that we require
in order for us to complete our review of the ECCS reanalysis you
will submit pursuant to our Order for Modification of License dated
December 27, 1974. Some of the information has previously been
identified (e.g., potential boron precipitation for PWRs, single
failure analysis), but has been repeated here for completeness.

Sincerely,

5/

. Robert A. Purple, Chief
Operating Reactors Branch #1
Division of Reactor Licensing

Enclosure:
Required Information
(ECCS)

cc w/encl:
See next page
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. ' ' At;achmcnt 1l
REQUIRED INFORMATION

1. Break Spectrum and Partial Loop Operation

The information provided for each plant shall comply with the
provisions of the attached memorandum entitled, "Minimum Requirements
for ECCS Break Spectrum Submittals." :

2. Potential Bofon Precipitation (PWR's Only)

The ECCS system in each plant should be evaluated by the applicant
(or licensee) to show that significant changes in chemical!concentrations
will not occur during the long term after a loss~of-coolant accident
(LOCA) and these potential changes have been specifically addressed by
appropriate operating procedures. Accordingly, the applicant should
review the system capabilities and operating procedures to assure that
boron precipitation would not compromise long-term core cooling capability
following a LOCA. This review should consider all aspects of the specific
plant design, including component qualification in the LOCA environment in
addition to a detailed review of operating procedures. The applicant
should examine the vulnerability of the specific plant design to single
failures that-would result in any significant boron precipitation.

3. Single Failure Analysis

A single failure evaluation of the ECCS should be provided by the
applicant (or licensee) for his specific plant design, as required by
Appendix K to 10 CFR 50, Section I.D.1. 1In performing this evaluation,
the effects of a single failure or operator error that causes any manually
controlled, electrically-operated valve tc move to a position that could
adversely affect the ECCS must be considered. Therefore, if this consid-
eration has not been specifically reported in the past, the applicants
upcoming submittal must address this consideration. Include a list of all
of the ECCS valves that are currently required by the plant Technical
Specifications to have power disconnected, and any provosed plant
modifications and changes to the Technical Specifications that might be
required in order to protect against any loss of safety function caused
by this type of failure. A copy of Branch Technical Positioa EICSH 138
from the U.S. Nuclear Regulatory Commission's Standard Review Plan is
attached to provide you with- guidance. ’

The single failure evaluction should include the potential for
passive failures of fluid systems during long term cooling following a
LOCA as well as single failures of active components. TFor PWR plants,
the single failure analysis is to consider the potential boron concentra-
problem as an integral part of long term cooling.

4. Submerged Valves

The applicant should review the specific equipment arvangement with-
in his plant to determine if any valve motors within containment will
become submerged following a LOCA. The review should include all.valve
motors that may become submerged, not only those in the safety injection
system. -Valves in other systems may be needed to limit boric acid con-

Ccentration in the recactor vessel during long term cooling or may be
required for containment isolation.

P




The applicant (or licensee) is to provide'the following information, for
each plant: : : ' '

(1) Whether or not any valve motors will be submerged following a LOCA in
the plant being reviewed. ' : e o

(2) 1f any valve motors will be flooded in their plant, the applicant (or
' licensee) is to:

(a) Identify the valves that will be submerged.

" (b) Evaluate the potential consequences of flooding of the valves
for both the short term and long term ECCS functions and
containment isolation. The long term should consider the
potential problem of excessive concentrations of boric acid in
PWR's.

(¢) Propose a interim solution while necessary modifications are
being designed and implemented. (currently operating plants
only).

(d) Propose design changes to solve the potenfial flooding problem.

5. Containment Pressure (PWR's Only)

The cohtainment pressure used to evaluate the performance capabiiity of
the ECCS shall be calculated in accordance with the provisions of
Branch Technical Position CSB 6-1, which is enclosed. »

6. Low ECCS Reflood Rate (Westinghouse XSSS Only)

Plants that ‘have a Westinghouse nuclear steam supply shall perform
their ECCS analyses utilizing the proper version:of the evaluation model,
as defined below:

(1) The December 25, 1974 version of the Westinghouse evaluation
model, i.e., the version without the modifications described in
WICAP=8471 is acceptable for previously analyzed plants for which
the peak clad temperaturc turnaround was identified prior to the
reflood rate decreasing below 1.1 inches per second or for which
the roflood rate was identified to remain above 1.0 inch per
second; conditions for which the Docember 25, 1974 and March 15,
1975 versions. wvould be equivalent.

(2) The March 15, 1975 version of the Westinghouse evaluation model
is an acceptable model to be used for all previously analyzed
plants for which the peak clad temperature turnaround was identi-
ficd to occur after the reflood rate decreased below 1.1 inches
per cecond, and for which steam cooling conditions (reflood rate
less than 1 inch per second) exist prior to the time of peak clad
temperature turnaround. The March 15, 1975 version will be used
for all future plant analyses. '
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MINIMUM REQUIREMENTS FOR ECCS BREAK SPECTRUM SUBMITTALS

I. INTRODUCTION

The following outline shall be used as a guideline in the evaluation of LOCA
break- spectrum submittals. These guidelines have been formulated for
contemporary reactor designs only and must be re-assessed when new reactor
concepts are submitied.

The current ECCS Acceptance Criteria requires that ECCS cooling performance
be calculated in accordance with an acceptable evaluation model and for a
qumber of postulated loss-of-coolant accidents of different sizes, locations
and other properties sufficient to provide assurance that the entire spectrum
of postulated loss-of-coolant accidents is covered. In addition, the
calculation is to be conducted with at least three values of a discharge
coefficient (Cp) applied to the postulated break area, these values spanning
the range from 0.6 to 1.0.

Sections IIA and ITIA define the acceptable break spectrum for most operating
plants which have received Safety Orders. Sections IIB and IIIB define the
break spectrum requirements for most CP and OL case work (exceptions noted
later). Sections IIC and IIIC provide an outline of the minimum requirements
for an acceptable complete break spectrum. Such a complete break spectrum
could be appropriately referenced by some plants. Sections IIID and IIIE
provide the exceptions to certain plant types noted above.

A plant_due to reload a portion of its core will have previously submitted all
or part of a break spectrum analysis (either by referénce or by specific
calculations). If it is the intention of the Licensee to replace expended

fuel with new fuel of the same design (no mechanical design differences which
could affect thermal and hydraulic performance), and if the Licensee intends

to operate the reloaded core in compliance with previously approved Technical
Specifications, no additional calculations are required. If the reload core
design has changed, the Licensee shall adopt either of Sections IIA or TIC,

or of Sections IIIA or IIIC of this document, as appropriate to the plant

type (BWR.or PWR). The criterion for establishing whether paragraph A or C
shall be satisfied will be determined on the basis of whether the Licensece

can demonstrate that the shape of the PCT versus break size curve has not

been modified as a consequence of changes to the reload core design. When

the reload is supplied by a source other than the NSSS supplicr, the break
spectrum analyses specified by Sections IIC or IIIC' shall be submitted as a
minimum (as appropriate to the plant type, BWR or PWR). Additional sensitivity
studies may be required to assess the sensitivity of fuel changes in such areas
as single failures and reactor.coolant pump performance.

I1. PRESSURIZED WATER REACTORS

A. Operating Reactor Reanalyses (Plants for which Safety Orders were issued)

If calculational changes* were made to the LBM** to make it wholly in

* Calculational changes/Model changes--those revisions made to calculational
techniques or fixed parameters usced for the refercnced complete spectrum.

*% LBM--Large Break Model; SBM-~Small Break Model:
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conformance with 10CFR50, Appendix K, the following minimum number of break
sizes should be reanalyzed. 'Each sensitivity study performed during the
development of the ECCS evaluation model shall be individually verified as
remaining applicable, or shall be repeated. A plant may reference a break
spectrum analysis conducted on another plant if it is the same configuration
and core design. '

1. If the largest break size results in the highest PCT:
a. Reanalyze the limiting break.

b. Reanalyzé'two smaller breaks,iﬁ the large break region.

2. If the lafgest break size does not result in the highest PCT:
a. Reanalyze the limiting break.

b. Reanalyze a break larger and a break smaller than the limiting
break. If the limiting break is outside the range of Moody

multipliers of 0.6 to 1.0 (i.e., less than 0.6), then the limiting
break plus two larger breaks must be analyzed.

1f calculational changes have been made, to the SBM to make it whoily in |
conformance with 10CFR50, Appendix K, the»analysis of the worst small break
(SBM) as previously determined from paragraph C beloew should be repeated. '

New CP and OL Case Work

A complete break spectrum should be prdvided in accordance with paragraph C
below, except for the following:

1. 1If a new plant is of the same general design as the plant used as a

" basis for a referenced complete spectrum analysis, but operating
parameters have changed which would increase PCT or metal-water
reaction, or approved calculational changes resulting in more than 20°F
change in PCT have been made to the ECCS model used for the referenced
complete spectrum, the analyses of paragraph A above should be provided
plus a minimum of three small breaks (SBM), one of which is the
transition break.* The shape of the break spectrum in the referenced
analysis should be justified as remaining applicable, including the
sensitivity studies used as a basis for the ECCS evaluation model.

2. If!a new plant (configuration and core design) is applicable to all
generic studies because it is the same with respect to the generic
plant design and parawcters used as a basis for a referenced complete

- . spectrum. defined in paragraph C, and no calculational changes resulting
in more than 20°F change in PCT were made to the ECCS model used for
the referenced complete spectrun, then no new spectrum analyses are
required. The new plant may instead reference the applicable analysis.

* Transition Break (TB)--that break size which 1s analyzed with both the

LBM and SBM.




Minimum Requirements for a Complete Break Spectrum | ‘ .

Since it is expected that applicants will prefer to reference an applicable
complete break spectrum previously conducted on another plant, this |
paragraph defines the minimum number of breaks required for an acceptable :
complete break .spectrum analysis, assuming the cold leg pump dischafgc is |
established as the worst break location. 'The worst single failure and |
worst-case reactor coolant pump status (running or tripped) shall be

established utilizing appropriate sensitivity studies. These studies

should show that the worst single failure has been justified as a function

of break size. Each sensitivity study published during the development

of the ECCS evaluation model shall be individually justified as remaining
applicable, or shall be repeated. Also, a proposal for partial loop

operation shall be- supported by identifying and analyzing the worst break

size and location (i.e., idle loop versus bperatinglloop). In addition,
sufficient justification shall be provided to conclude that the shape of

the PCT versus Break Size curve would not be significantly altered by the

partial loop configuration. Unless this information is provided, plant

Technical Specifications shall not permit operation with one or more

idle reactor coolant pumps. ' '

It must be demonstrated that the containment design used for the break
spectrum analysis is appropriate for the specific plant analyzed. It
should bé noted that this analysis is to be performed with an approved
evaluation model wholly in conformance with the current ECCS Acceptance

Criteria.
1. LBM--Cold Leg-Reactor Coolant Pump Discharge

a. Three guillotine type breaks spanning at least the range of
Moody multipliers between 0.6 and 1.0.

b. One split type break equivalent in size to twice the pipe
cross-sectional area. o

c. Two intermediate split type breaké;

d. The large-break/small-break transition split.

[

2, LBM—LCold Leg-Reactor Coolant Pump Suction

Analyze the largest break size from part 1 above. If the analyses in
part 1 above should indicate that the worst cold leg break is an
intermediate break size, then the largest break in the pump suction
should be analyzed with an-explanation of why the same trend would

not. apply.
3. LBM-=-Hot Leg Piping

Analyze the largest rupture in the hot leg piping.




‘4, SBM--Splits

Analyze five different small break sizes. One of these breaks must
include the transition split break. The CFT line break must be
analyzed for B&W plants. This break may also be one of the five
small breaks. . :

III. BOILING WATER REACTORS

The generic model developed by General Electric for BWRs proposed that split
and guillotine type breaks are .equivalent in determining blowdown phenomena. -
The staff concluded this was acceptable and that the break area may be
considered at the vessel nozzle with a zero loss coefficient using a two
phase critical flow model. Changes in the break area are equivalent to
changes in the Moody multiplier. '

The minimum number of breaks required for a complete break spectrum analysis,
assuming a suction side recirculation 1ine break is the design basis accident
(DBA) and the worst single failure has been established utilizing appropriate
sensitivity studies, are shown in paragraph C below. Also, a proposal for
partial loop operation shall be supported by identifying and analyzing the worst
break size and location (i.e., idle loop versus operating loop). In addition,
sufficient justification shall be provided to conclude that the shape of the '
PCT versus Break Size curve would not be significantly altered by the partial
loop configuration. Unless this information is provided, plant Technical
Specifications shall not permit operation with one or more idle reactor

coolant pumps.

A. BWR2, BWR3, and BWR4 Reanalysis (Plants for which Safety Orders were issued)

1f the referenced lead plant analysis is in accordance with Section III,
paragraph C below, the following minimum number of break sizes should be
reanalyzed. It is to be noted that the lead plant analysis is: to be
performed with an approved evaluation model wholly in conformance with

the current ECCS Acceptance‘Criteria. A plant may reference a break
spectrum analysis conducted on another plant if it is the same configuration
and core design.

5

Each sensitivity stqdy:published during théwdevelopment of-the'ECCS
evaluation model shall be individually justified as remaining applicable,
or shall be repeated.

1. If the largest break results in thé highest PCT: -

a. Reanalyze the limiting break with the appropfiate-fcferenced f
single failure. '

b. Reanalyze the worst small break with the appropriate referenced
single failure. : ‘

c. Reanalyze the transition break with the single failure and model
that_predibts the highest PCT.
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2. 1If the largest break does not result in the highest PCT:

a. Reanalyze the limiting break, the largest break, and a smaller break.

If-galculationallchanges have been made to the SBM to make it wholly in

conformance with 10CFR50, Appendix K, reanalyze the small break (SBM) in

accordance with Section IIIC.

New CP and OL Case Work

A complete break spectrum should be provided in accordance-withvSeétion 11X,

paragraph C below, except for the following:

1. If a new plant is of the same general design as the plant used as a

basis for the lead plant analysis, but operating parameters have
changed which would increase PCT or metal-water reaction, OT approved
calculational changes have been made to the ECCS model resulting in
more than 20°F change in PCT, the analyses'oijection III, paragraph A
above should be provided plus a minimum of three small breaks (SBM),
one of which is the transition break. The shape of the break spectrum
in the lead plant analysis should be justified as remaining applicable,
including the sensitivity studies used as a basis for the ECCS
evaluation model. ' " ‘

2. If -a new plant (configuration or core design) is applicable to all
generic studies because it is the same with réspect to the generic
plant design and parameters used as a basis for a referenced complete
spectrum defined in paragraph C, and no calculational changes resulting
in more than 20°F change in PCT were made to the ECCS model used for the
referenced complete spectrum, then no new spectrum analyses are required.
The new plant may instead reference the applicable analysis.' '

,

Minimum Requirements for a Complete Break Spectrum

This paragraph defines the minimum number of breaks required for an
acceptable complete spectrum analysis. This complete spectrum analysis is
required for cach of the lead plants of a given class (BWRZ, BWR3, BWR4,
BWRS5, and BWRG). Each sensitivity study published during the development ~
of the ECCS evaluation model shall be individually justified as remaining

applicable, or shall be repeated.

1. TFour recirculation linec breaks at the worst location (pump suction or
discharge), using the LBM, covering the range from the transition
break (TB) to the DBA, including Cp coefficients of from 0.6 to 1.0 .
times the DBA. : ‘

2. Five recirculation line breéks, ﬁsing the SBM, covering the range
from the smallest line break to the TB. ' :

3. The following break locations assuning the worst single_failuref

a. largest steamline break

b. largest feedwater line break
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c. largest core spray line break

d. largest.recircu]ation'pump'discharge or suction break (opposite
~ ‘side of worst location) v '

BWRG with "Modified" ECCS

Same as Section IIIC.

BWRS

Séme as Section IIIC.

" BWR6

Same as Section I1IC.

LOCA PARAMETERS OF INTEREST

A.

On cach plant and for each break analyzed, the following parameters
(versus time unless otherwise noted) should be provided on engineering
graph paper of a quality to facilitate: calculations.

—--Peak clad temperature (ruptured and unruptured node)

--Reactor vessel pressure

—~-Vessel and downcomer water level (PWR only)

--Water levelvinside the shroud (BWR only)

~=Thermal power

--Containment press ure (PUR only)
For the worst break analyzed, the following additional parameters
(versus time unless otherwise noted) should be provided on engineering
graph paper of a quallty to facilitate calculations. The worst single
failure and worst-case reactor coolant pump status will have been
established utilizing appropriate senmsitivity studies,

'——Fldéding rate (PWR only)

~-Core flow (inlet and outlet)

-~Core inlet enthalpy (BWR only)

~-=Heat transfer cocfficients

~~MAPLHGR versus Exposure (BWR only)

--Reactor coolant teuwperature (PWR only)

--Mass released to containment (PWR only)

\'~~Encrgy relohsed to containment (PWR only)
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--PCT versus Exposure (BWR only)

~-Containment condensing heat transfer coefficient (PWR 'only)
—-Hot spot flow (PWR only)

--Quality (hottest assembly) (PWR only)

—-Hot pin internal pressure

-=Hot spot pellet average temperature

——Fluld temperature (hottest assembly) (PWR only)

A tabulation of peak clad temperature and metal—water reaction (local’
and core—w1de) shall be provided across the break spectrum.

Safety Analysis Reports (SARs) filed W1th the NRC shall identify on

each plot the run date, version number, and version date of the computer
model utilized for the LOCA analysis. Should differences exist in
version number or version date from the most current code listings made

available to the NRC staff, then each modification shall be identified
with an assessment of impact upon PCT and metal-water reaction (local

and core-wide).
A tabulatlon of tlmes at which 51gn1f1cant events occur shall be
provided on each plant and for each break analyzcd The following
events shall be included as a minimum:

f—End—of—bypass (PWR only)'-

--Beginning of, core recovery (PWR only) .

—-Tlme of rupture

--Jet pumps uncovered (BWR only)

~-MCPR (BWR only)

--Time of rated epray (BWR only)

--Can quench (BWR only)

--End—of—plowdown

--Plane of interest uncovery (BWR only)
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'BABCOCK AND WILCOX - .

CATEGORY I: 177 FA w/Loweréd Loops Arrangement

Re-analysis (Safety Order Plants):

Oconee 1, 2, 3 -- TIA
2568 o -

Three Mile Island 1 -- IIA

12535 . '

Arkansas Power 1 -- IIA
2563 o o

Rancho Seco -- TIA

- 2772 :

New OLs:

Three Mile Island 2 --11B(2)

2772

Crystal River 3 --11B(2)

2452

 Midland 1, 2 ~-118(2)

Néw’CPs: ;

None

These plants must resubmit at

Teast 3 breaks. (They will do

so by reference to a complete

“break spectrum reanalysis sub-

mitted generically by B&W.) .

Since these plants are the same
design as the above plant, they.

may reference the same reanalysis
of the complete spectrum above.

CATEGORY II: 177 FA w/Raised Loop Arrangement

New OLs:
}Davis Besse f : --113'
New CPs .

Davis Besse 2, 3 --I1IB

 CATEGORY II1: 205-FA Plants

“New OLs:

None

Complete spectrum required.

Combiete spectrum required.



. BRANCH TECHNICAL POSITION £1CSB 18

APPLICATION OF THE STHGLE FAILURE CRITERION TO MAKUALLY-CONTROLLED
: ELECTRICALLY-OPERATED VALVES .

!
1
t

BACKGROUMD

“Where a sing1é failure in an electrical system can result in loss of capability to perforn

a safety function, the effect on'plant'safety,must be evaluated. This is necessary regard-

"less of whether the loss of safety function is czused by a component failing to rerform a

requisite mechanical motion, or by a component perforning an undesirable mechanical motion.
. ,

This position establishes the acceptability of disconnecting power 1o electricé] components
of a fluid system as one means of designing against a single failure that micht ceuse an un-
desirable component action. These provisions are based on the assurption thet the cemponent
is then equivalent to a similar component that is not desigred for e]ectrical operatien,
e.g., a valve that can be opened or closed only by direct manual operatioﬁ of the valve.
They are also based on the.assumption that no single failure can toth restore pcwer_to'the

electrical system and cause mcchanita] motion of the components served b§ the electrical

system., The validity of these assumptions should be verified when applying this position.

BRAKCH TECH:ICAL POSITION - ' , !

: - : ‘ B
1. Failures in both the "faii to function" scnse end the "undesirable function” sensd of

conponents in electrical systedss of valves and other. fluid system comptnantis should
be considered in designing against a single failure, even though the valve or other

fluid systen component may not be calléd upen te functicn in a given safety operational

sequence.

2. ‘Where it is determined that fai1ure of an elecirical system component cén fause
- undesired mechanical rmotion of a valve or other fluid system component and this
motion results in loss of the system safety function, it is acceptable, in lieu of
design changes .that also way be acceptable, to disconnect power to the clectric systems
of the valve or other fluid systen ¢omponent. The plant technical specificaetions should
include a list of all'electrically-operated valves, and “the required positions of these
valves, to which the requircment for removal of electric power is applied in order to

satﬁsfy the single failure criterion.

3. Electrically-operated valves that are classified as "active" valves, i.e., are required
to open or close in various safety system opefational'sequences. but are ranually-
controlled, should be operated from the main control room. Such valves mey not be

 included among those valves from which ,nwof is removed in order to meet the single
failure criterion unless: (1) electrical power can be restored to the valves from the
main cohtrql room, (b) valve operation is not neccssary‘for at least tm minutes
fo\lbWidg occurrence of the event requiring such operation._and(:) it is demonstrated

Fl
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1.

aelectrica1ly-operated valves and should identify those valves to which the require-

that there is reasonable assurance that all necessary opc!ator actions will be per- : W 4
formed within the time shown to be adequate by the analysis. The plant technical
specifications should include a list of the required positions of manually-controlled,

ment for removal of electric power is applied in order to satwsfy the single failure
criterion.’

When the single failure criterion is satisfied by removal of electrical power from
valves described in(2) and 3), above, these valves should have redundant position
indication in the main control’room ard the position 1nd1cat1on system should, itself,
meet the s1ngle fa1lure crxterlon )

The phrase "electrlcally -operated valves" inciudes both valves operated directly by an
electrical device (e.g.,.a motor-operated valve or a solenoid- operated valve) and those
valves operated indirectly by an electrical device {(e.g., an air- operated valve whose
air supply is controlled by an electrical solenoid valve).

REFERENCES

Memorandum to R. C. beYoung and V. A. Moore from V. Stello, October 1,.1973.
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BRANCH TECHNICAL POSITION CSB 6-1

MINIMUM CONTATIMENT PRESSURE MODEL
FOR PWR ECCS PERFORMANCE EVALUATION

BACKGROUKD
paragraph 1.D. 2 of Appendix K to 10 CFR Part 50 (Ref. 1) requires that the contamnnent
pressure used to. evaluate the performance capab\11ty of a pressurized water reactor (PWR)

vemergency core cooling system (ECCS) not exceed a pressure ca1cu1ated conservatively for

that purpose. It further requires that the calculation include the effﬁcts of operat1on of
all installed pressure reduc1ng systems and processes. Therefore, the following branch
technical position has been developed %o provide guidance in the performance of minimum
containment pressure analysis. The approach described below applies only to the ECCS-
related containment pressure evzluation and not to the containment funct\onal capability
evaluation for postulated design basis accidents. ) l ;

BRANCH TECHUICAL POSITION

1. Input Informztion for Model

a. lnitial Containment Internal Cond1txons '

The minirum containment ¢as temperea 1e, nminimum contairment pressure,
and maximum humidity that may be encountered‘unuer Yimiting normal oporating
conditions should be used. ’
|
b. Initial 0u*s1o= Contzinmant ﬁ.u-OWL Conditions . . _
A reascnabily low ambient temperature external to the con;aln*’nm Sb‘J]d be used.

¢. Containment Volure . _ : . ' S

The raxinum net free containnent volume should be used. This raximum froe

volure should be dsterminad from the gross containzent volu=e rmsz the voluues

of 1nterna1 struc ures such as walls and ‘loors, structural s;ee\ raior ecuipnant,
and piping. The individual volume calculations should reflect tha uncertainty in

. the component volumes.

2. Active Heat Sinks
a. Spray and Fan Coo1\n1 Systems
' ~ The operation cf all engineered safety feature containmoent heat removal systems

operating at max1wuﬂ heat removal capacity; i.e., wmth all containment spray
trains operating at maximum flow conditions and all emergency fan cooler units
operating, should be assume d. In add\t\on the minimun temperature of the stored
water for the spray cooling systcm and the cooling water suwplmcd to the fan
coolers, ‘based on technical specification Vimits, should be assumed

§.2.1.5-3
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Deviations from the foregoing will be accepted if it can be shown that the worst
conditions regard\ng a single active failure, stored water tcmpcrature. and :
cooling water tcmperature have been selecﬁed from the standpoint of the overall
ECCS model. ' '

b. Containment Steam M1x1ng With Sp111ed fCCS Hater
The spillage of subcooled ECCS water 1nto the containment prov1des an additional

heat sink as the subcooled ECCS water mixes with the steem in the containment. 3 . .
. The effect of the steam-water mixing should be considered in the containment '
pressure calculations. » ' 1

c. Conta\nnent Steam H1x1ng fith Water from Ice velt.

The water tesult1ng from ice melting in an ice condenser containment provides an

additional heat sink as the subcooled water mixes u1th the steam while draining -
. from the ice condenser into the lower containment vo]qme. The effect of .the

steam-water mixing should be considered in-the containment pressure calculations.

3.  Psssive Heat Sinks
a. ldentification v
The passive heat sinks that should be included in the containment evaluation
model should be establishked by identifying those structnres and components within
the containment that could influence the pressure response. The kinds. of struc-
tures and components tha; should be included are listed in-Table 1.

. ' | f'\‘_

. Data on pass1ve heat sinks have bcen cowp11cd from previous reviews and have " \\‘_a;

been used as a basis for the s1mp11f1ed model outlined be1o" This model is
acceptable for minimum conteinment pressure analyses for ccnﬁcruction permit
applications, and until such time (1 e., at the operating Vicense review) that a
complete 1d°nt1f1cat1on of available heat sirks can b2 made. xn1s sirplifisd
approach has also teen follcwad for of crat1nc nlants by |1cefsec< co-"1y1nq with
Section 50.46 (a){2) of 10 CFR Part .50. For such cases, and for ccastruction
permit reviews,; where a detaiied'listing of heat sinks within the containvent
often cannot be provided, the following procedure may be used to model the passive
heat sinks within the contain:ent{ '
“(1) Use the surface area and thickness of the primary containment steel shell or
steel liner and associated anchors and COnCrete,_a§ appropriate. .

(2). Estlmate the exposed surface area of other <tee1 heat sinks in accozdancc
with F1guxe 1 and a55uue an average thwckness of 3/8 inch. '

(3) - Model the 1nterna1 concrete structurcs as a s]ab with a thlckness of 1 foot
" and exposed sunface of 160,000 £t2. :

The heat sink thermobhysica] properties that would be acccptqb1e are shonn in

Table 2. T - - “
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c.

At the operating license stage, applicants should providé_a detailed list of
passive heat sinks, with appropriate dimensions and properties.

b. Heat Transfer Coeff1c1ents

The following conservative condensing heat transfer coeffic1ents for heat transfer
to the exposed passive heat sinks during the blowdovn and po;t-b]owdoan phases of )
the loss-of-coolant accident should be used (See Figure 2):

m

(3)

i(2)

During the blowdown phase, assume a linear. increase in the condensing heat

transfer coefficient from h, <8 Btushr-Ft2-°F, at t = 0, to a pesk

initial

‘'value four times greater than the maximum calculated condensing hcat trans-

fer coefficient at_the end of blowdown, using the Tagami correlation

(Ref. 2), 0.62 )

hmaxf 7?'5 th s .

where hmax = maxinum heat transfer coeff1c1ent, Btu/hr ftz
Q = primary coolant energy, Btu
\ = net free containment volume, ft3
tp = time intervel to end of blowdown, sec.

During the long-term post- b]owdown phase of the accident, character1zed hy

Tow turba]ence in the containment aywospkerc assume condensing heat transfer
coefficients 1.2 times greater than those predicted by the Uchida data
(Ref. 3) and given in Table 3. '

During the'transition phase of the accident, tetween the end of blowdawn and

- the long-tern post- blowdown phase, a reasonably conservative exponential
‘transition - in the condensing heat transfer coeff1c1cnt should be assured
(cee Figure 2)

The calculated condensing heat transfer coafficients based on the a“é»e fethod !
should be applwed to all exposed passive heat swnns. both-retal and cc"Cve.y; and

for both .painted and unpainted surfaces.

tHeat transfer bet\een adjoining rater1als in passwve heat sinks should te based
jon. the assumption of no resistance to heat flow at the material 1n»e1facec An
“examp]e of this is the containment liner to concrete” 1n;elface '
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TABLE 1

IDENTIFICATION OF CONTAJHMENT HEAT SIKKS

Containment Building (e.g., liner plate and external concrete walls, floor, and sump, and
Yiner anchors). ' ' o

Containment Internal Structures (e.q., internal separation wa1ls and f\oors. rcfue1ing
pool and fuel transfer pit walls, and shielding walls).

supports (e.g., reactor vessel, steam generator,'pumps. tanks, major components, pipe
supports, and storage racks). : T .

Uninsulated Systems and Components (e.g., cold water systens. heat1ng. vent\Iataon. and :
air cond1t1on1n~ systems, purips, motors, fan coolers recovb\ners and tan:s) ‘

| ‘
| .
tiscellaneous Equipment (e.g., ladders, gratings, clectrical cable tray;. and cranes).
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- Material

Concréte-
Steel

TABLE 2

~

HEAT SINK THERMOPHYSICAL PROPERTIES

DensiSy
1b/ft

145
490

© 6.2.1.5-8

Specific
. Heat
Btu/1b-°F

0.156
0.12

Therma

1

Conductivity

Btu/hr-f

0.9
27.0
1

t-F

2
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U ) . UCHIDA HEAT_TRANSFER COEFFICIENTS '

Mass . Heat Transfer . Mass Heat Transfer
: .Ratio ' .Cocffici%nt V_Ratio . Coefficisng
(b _air/1b steam) - (Btu/hr-ft°-°F) (1b air/lb steam)  {Btu/hr-ft°-°F)
. 50 . 2 : 3 o 29
20 8 s 2.3 37
, 18 - 9 1.8 . 4
4 . 10 o 1.3 63
10 , LL . - 0.8 98
7 o 17 ' 0.5 R V1)
5 ‘ ' 21 0.1 280
4 o " : _
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Figure 1 C | ‘
Area of Steel Heat Sinks Inside Containmen . :
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Figure 2

Condensing Heat Transfer Coeffic

h = 4, x h
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Condensing Heat Transfer Coefficient
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