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VALUE-IIPACT ANALYSIS
UST A-43, CONTAINMENT EMERGENCY
SUMP PERFORMANCE

[. “The Proposed Action(s)

A. Summmary of Problem and Propcsed Action

Unresolved Safety Issue (USI) A-43 deals with safety concerns
related to containment emergency sump performance during the
post-LOCA period wherein long-term recirculaticn cooling must be
maintained to prevent core meit. These safety concerns can be
sunmarized in the following question:
“In the recirculation mede, will the surp design provide water
to the RHR pumps in sufficient quantity, and will this water
be sufficiently free of LOCA-generated debiis and 2ir
ingestion so as not to inmpair pump performance, while

providing acdequate net positive suction heac¢ (KFSh):"

Thess concerns have been addressed in three parts, namely:

@. Sump hydraulic performance under past-LCCA acdverse
cercitions such as air ingestion, elevated temperatures,
treak and drain flow, etc.

b. LCCA-generated debris arising from the treak jet destroying

large cuantities of insulation, this insulaticn cebris being
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transpcrted to the sump screen(s), and the resulting screen
bleckage being sufficient to reduce KPSH significantly
telow that required to maintain adequate pumping.

The performance capability of RHR and CSS pumps to
continue pumping when subjected to air ingestion, debris

ingestion and effects of particulates.

These concerns have been investigated on a gereric basis, and the

findings can be summarized as follows:

a.

Measurements in extensive, full-scale sump hydraulic tests
have shown low levels of air ingestion (i.e., 1-2%) and
deronstrated that vortex observations cannot be used to
cuantity sump performance. These experimentz! resuits have
been used to develop sump hydraulic design guidelines and
acceptance criteria.

Generic plant insulation surveys and developrent of debris
calculational methods have skcw that cebris effects are
depencent on the type and quantities c¢f irsultion employed
cn¢ plant laycut. The results also show that the 0% screen
bloc’.age guidance provided in the current Regulatory Guide
(RG) 1.82, “Sumps for Emergency Core Cooling and Containmert

Spray Systers," should be replaced with 2 more cuniprenensive
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requirement to assess debris effects on é plant-specific basis.
c. PReviews of available datz on pump air ingestion effects and

discussions with the U. S. manufacturers of RHR and
CSS pumps show that low levels of air ingestion (i;
2%) will not significantly degrade pumping performance,

e and that the types of pumps employed will tolerate ingesticn
of insulation debris and other types of post-LOCA particulates,

which can pass through sump screens.

These results reveal a significantly lesser safety concern with
respect to vortex formation and sump hydraulic efrects than
previously hypothesized but 2 greater concern for loss of
recirculation cooling capability from debris effects. Thus, the
results warrant the recormencations set forth next. The followirg

acticns are preposed:

1. Revise the KRC Stzndard Review Plan, Sectiun 6.2.2,
“Containment Heat Removal Systems," ana Section 6.3,
"Emergency Core Cooling Systems" to incorporate the
technical fincings and sump design review guidelires
set forth in NUREG-C8S7. This action will provide for
review consistency based cn the extension cata base
acquired for the resciution of.USI A-43, and can remove

the need for "in-plant" sump tests or sump model tests.
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> e
Revise RG 1.82, to reflect the findings éontained in
IIUREG-0897, “Containment Emercency Sump Performance,”
July 1982. In particular, the 50% screen blockage
guidance should be removed and replaced with a require-
nent for plant-specific debris evaluations based on the

technical findings described in NUREG-0897.

Uperating plants should be assessed for determination
cf the extent of debris blockage potential and based
cn the outcome of those plant analyses, action should

be taken to correct unacceptable conditions.

The debris bicckage concern stems fron use of certain
insulations such as mineral wool and/or fiberglass which
car lead to excessive sump screen bleckzges with
attendant loss of recirculaticn pump NPSH margin. The
USI A-&3 surveys (for 19 plants) have shcwn thet sore
olcer plants employ such insulaticns, and plant-specific
celculations reveal (i.e., Maine Yankee) that excessive
screen blockage could occur. Thus operating plants (PhRs
in particular) should be required to provide their
assessment of debris induced screen blockage utilizing
the criteria and guidelines set forth in Appendix A of the

revised RG 1.82.
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Generally speaking, it is not expected tﬁat EWRs

will encounter & debris blockage problem, nor will

PWRs that extensively use reflective metallic
insulations. The unencapsulatec fibrous insulatibﬁs are
believed to present the principal debris proi:ler and it
is estimated that six to ten PWR¢ may require some type
of corrective action. BkR insulation debris problems
are not expected to arise since BWRs make extensive

use of reflective metallic insulation and the design

of the suppression pool vent's missile cover is such that

it will biock insulation migration to the- pool.

B. Need for Proposed Action(s)

The need for tne proposed actions i3 as 70 lows:

1.

Issuance of the propcsed revision to SRP Section 6.2.2 i3
needed to ccrrect previous sump review criteria which are rot
supported by current findirgs (i.e., Jidgment of sump
hydraulic acceptability principally cn vertex formation). SRP
Section 6.2.2 has been revised to reflect findirgs from
full-scale sump tests anc ceneric plant studies, the net
result is the clear identivication of the nead to assess sump
hycrzulic perfcrmance, LOCA generated debris eviects (i.e., )

sump screen blockage) and recirculation pump gerfcrmance under

post-LOCA conditions. Current findings do not support the
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need for continued in-plant sump tests (per RG 1.79) or more

sump model tests (w/o measurament of air ingestion)

RG 1.82 requires revision %o incorporate the results of two
years of sump testing and ceneric plant studies. There is
also the reed to correct deficiences in the current RG 1.82,
such as the 50% screen blockage rule. Generic plant
calculations addressing LOCA-gznerated debris effects have
shown that the 50% blockage rule can be excessive in some
plants, and non-conservative for other plants. Continued use
(without revision) of this Regulatory guideline would permit
the ‘esigner to bypass the need to assess debris blockage
ef.. .» &nd to continue to show that a 50% blocked screen does

not result a0 excessive hezd loss.

~ppendix A has been 1nlluded in the revised RG 1.82 to provide
guidance and acceptance criteria for essessing sump hydraulic
performancé, LCCA-ircuced debris affects and pump performarce
under adverse conditions. A combined consideration of these
three aspects i: n2cessary (0 ceteirmine overall sump
performance a~d acseptability with respect to assurance that

adequate pump NFSH marcir will exist.

An assessment Of the pessible extent of debris bleckage
effects 1s needed since prévicus reviews have been based on

the currert RG 1.82 50% blockage guidance ana (as noted abcve)
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this has been shown to result in non-coﬁservative assessments
in some cases. Rased cn USI A-43 evaluations, it is cencluded
that the deoris blockage cuestion is dependent on the type of
insulation employed (i.e., unencapsulated fibrou;'insulations
transport and block screens) and ccntainment design, or
layout. Although these A-43 evaluations show plant-specific
concerns (i.e., the Maine Yankee* plant insulation debris
assessment), they co not suggest the existence of a widespread
preblem warranting immediate action. [liever plants employ
mostly reflective metallic, or encapsulated insultions--some
of the older plants emplcy a higher percentage of
unencapsulated, or fibrous type insulations (see Table 1)..
BWRs appear to use precdeminantly reflective metaliic

insulation.

Since it is not clear which of the operating plants (or ITCL't)

have addressed the debris blcckage question adequately, it is

recerrended that a systematic plant evaluation for all operating

reactors be undertzken utilizing the guidance provided in Appendix

A of the reviced FG 1.82. If such evaluations reveal plants where

corrective actions should be undertaken, ther such cases should be

*1t should be noted that l'aine Yankee staff have indicated that scme

irsulation replacement was planned arc 21so the possibility of installing

e¢ditional debris czpture screens is being considered.

P ———



Tal 1

-* Syath;uéhlcld Wall in Plants Surveyed ~

Lo ee—————— ——————— Types of Insulation and Quantity in ftz cw——————— -

' . Mineral Calzlum

Reflective "Totally Flber /Mool - Sllicate Unibestos

* Plant Mctallic - Encapsulated - Dlanket Dlock Dlock Flberqlass
Ocones Unitid = 14,500 - e - - 100
Crystal River Unit 3 -12,500 715 150 . - - -
Midland Unit 2 15,750 |- - - - 4,400
lladdam Neck ' 450 - - - 14,200 "' 150
lobert E. Glana —-— - 1,000 22,300 2,800 -
. D. RobLnson - - - 3,800 21,800 -
Pralrie Island Unlto 1 & 2 19,200 - -- - - 500
Kewaunce . 5,200 - v—ie o - 4,500 -
Salem Unlt 1 ,17 100' 3,400 23,300 — - -
McGuire Unita 1 & 2 10 000 . - - - - '
Soquoyah Unft 2 18,500 - - C - -, - ! -
Maine Yarkee I',600 - { 5,700 3,00- 1,600 100
Mlllatone Unit 2 6,300 ' 9,100 1,300 "o 7,200 - -
S5t. Lucle Unit 1 - 14500 * ot - ©- 17,300 - -
Calvert Cliffs Unlts 1 & 2 - 4,400 7,300 -- - - -
Arkansao Ualt 2 . 6,300 7,400 - -t - 200
watcrfOfd Unit 3 2,300 15,500 - — J— s~
Cooper 30 7 70 % - - - --
WEPSS Unlt 2 100'% ' — — -— — . pl

9J4NE02U

1) Tolcrnnco ia + 20 percent

2) voth Lotally and neml-encapoulated Corablankot ir used; hawever, inside contalnment only to&nlly"}""

encapoulatod lo employed.

3) unlbooton la currently heing replaced by Calolum Glllcato.

llowaver, both types of insulation have
thoe same sump blockage characterliatice. -

¢
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pursued accordingly. A generic letter requesting such evaluations

would be used for such implementaticn.

C. Value-Impact of the Proposed Actions

1. Risk Analysis Results

A risk analysis was performed to assess the effects of lgss of the
containment emergency sump; for example: due tc LOCA debris
blockage. Three plants and their corresponding PRAs were selected,
these being: Crystal River, IREP-PKA; Caivert Cliffs, RSSMAP-PRA;
and Surry, RSS-PRA. The PRA event trees were reanalyzed to
determine the effects of sump loss following a large LOCA. Vhereas
previously these event trees assumed availebility of the sump, this
analysis assumes total sump failure for 50% of the large LOCAs; the
resulting core melt frecuencies and release category frequencies
were tren cerputed. The 50% assumption refleccts the fact that not
all large LOCA's will result ir tctal sump failure. Table 2

surmarizes results cbtained.

The releace category frequencies were converted to public dose via

he airtcrre pathway utilizing the following values:

release Category Core Melt Release (man-ren)
PHR 1 : 5,400,000 .
PWR 2 4,800,000
FWR 3 §,+CC,000
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PWR 4 2,700,000

PWR 5 1,000,000
PWR 6 ' 150,000
PWR 7 2,300

These values were derived using the CRAC ccde and assuming the
guidelines anc quantities of radiocactive isotopes used in the
Reactor Safety Study (WASH-1400), the meteorology 2t a typical
mid-test site (Byron-Braidwood), a uniform pcpulation density of
340 people per square-mile (which is an average of all U.S. nuclear
power plant sites) and no evacuation of population and are based on

2 £0 mile release radius model.

The release vélues used are similar to the thcse shown in
WASH-1400, but with some modifications to arrive at a reference
plart value. Generally speakirg, release categories 2 and 3 were
the major constributors to public dose. Averaging the change in
calculated public cose (cor change between w/o sump loss and w/surp
loss) results in an average increase of public dose of 65

men-ren/plant year due to loss of the sump (see also Table 2).
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TAELE 2, SUMMARY OF RISK ASSESSMENT CALCULATIONS

Calculated Core lelt Frequency (pTant-yrsyl:

Inéréase in

Base Case Adjusted Case Core Melt

w/0 Sump Loss w/Sump Loss(3) Frequency

Crystz] River 3.7 x 1674 4.z x 1074 5 x 1072

Calvert Cliffs! 2 x 107 2.05 x 1073 5 x 107

calvert C1iffs{?) 4.0 x 107* 4.5 x 1074 5 x 1073

Surry 5 x 107 1x 107 5 x 107

Calculated Public Dose (man-rem/plant-year):

Calculated

Base Case Adjusted Case Increase In

w/0 Sump Loss w/Sump Loss(3) Public Dose
Crystal River 626 CH3 57
Calvert Clifis'?) 7,617 7,658 e1
Calvert Cliffs(?) 653 734 81
Surry 5¢ -Jb 56
Average = 65

(I)Calvert Cliffs w/o AFW improvement
(Z)Calvert Cliffs w/AFM improvement
(3)These values are based on the assumption that only 50% of the large LOCAs
lead tc sump loss.

Reference: Probabilistic Risk Assessment of Unresolved Safety issue A-43,

Septerber 1982, by Science Applicaticns Inc. (Ref. 12)
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Given the results of the risk analyses summarized above, and

utilizing "averaged" numbers, the following quantities can be

Public Dose Averted = (65 man-rem) (23 years outstanding
plant-yr) plant life)
= 1487 man-rem/plant

The avoided on-site dose (due to core melt) can also be calculated

as:
Avoided On-site Dose = (19,860 man-rem (af core-melt) (23
accident-yr) yrs)

= 23 man-rem/plant

The potential to avoid a public dose of 1500 man-rem/plant is a

significant risk/consequence finding.

Industry Impact

Industry impact will vary from plant-tec-plant. As stated

|
\

calculated: ‘ ‘

previously, not 11 plants will be found to have large quentities

of non-encapsulated fibrous insulations (the type which could lead

te severe screen blockage anc loss of NPSH). To facilitate
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understarding of potential impacts on industry, Figure 1 is

provided. Also shown on Figure 1 are the estimated costs which

\
1
might be incurred, depending cn the extent of the problem. The
major impact would result if the determination is madé'that large

quantities of insulation must be replaced (e.g., 2,000-7,000 ftz of
insulaticn). Actual determination of quantities and location of

insulation recuiring replacement would reduce the impact; also use

of alternative methods such as intermediate screens sheuld be

eveluated. The sections which follow provide more insight into the

expected impacts.

2. Given the guidelines set forth in revised RG 1.82, the initial
sump hydraulic design evaluation will tzke very little time
through use of acceptance criteria tabies. If sump design and
operating corditicns show less than 2% air incesticn
pctential, end if predcmirartly reflective metallic insulation
is employed, the methods and tablec &s countained in Appendix A
of RG 1,82 will allow a sump design review in less than 1
ran-day. A conservative impact would ‘e 1 man-week of

professicral effort (est. $2,50C), see &lsc (:) in Figure 1.

b. If the results of the sump hydraulics evaluaticn shcw a neec
for fixes (i.e., the need fcr vortex suppressors %o recuce the
estimated air ingesticn), ¢n additional impact occurs.

Design, fabrication and installation of & vertex supgressor




FIGURE 1. IDENTIFICATION OF IMPACTS RESULTING FROM PROPOSED CHANGES TO

RG 1.82 AND SRP 6.2.2 5
O
6‘
w
<
Okay, per Rev. RG 1.82, o
Appendix A w
Sump Hydraulic ’®
Performance
Check
Vortex Suppressor
Required to Reduce
Air Ingestion
to s 2%
Sump Design "@
Assessment
Per RG 1.82
.
Clearly No s
Debris Problem , -
Initial Debris -
Assessment Analysis
(3)—»{Detailed Plant . e
Calculations
Per RG 1.82 Condition ,
Appendix A O '
Plant Fix
|(i.e., Additional
ESTIMATED COSTS (per plant) , Screens) 5)
1) = $2,500
2)= $10,000 to $30,000
(3) = $5,000
(4)= $10,000 to $15,000 Replace
(5) = $50,000 to $80,000 Problem

(6) = $25,000 to $700,000 ilnsulation©
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consisting of floor grating materials (éither horizontally
mounted, or formed into a cage) is estimated to cost $10,000
to 530,000 depending on installation ccmplexity, see also (:)
in Figure 1. i

The initial debris assessment will need to consider the types,
quantities, methods of fabrication and installation,
mechanical attachments, and hygroscopic characteristics of the
insulation employed on primary and secondary system piping,
reactor pressure vessel, and major components (e.g., steam
generators, reactor coolant pumps, pressurizer, tanks, etc.)
that can becone targets of expanding "break" jet(s) occurring
in the primary coolant system. For plants employing
essentially all reflective metallic insulztions [which can
better survive break jet loads and will transport only at high
water velocities (_ 2.5 ft/sec)], this assessment can be done
quickly. Assuming that the licensee knows what insulations
are within containment, such an evaluation shculc not require
over 1 man-week's effort. Reporting the results to LRC might

require another week. An impact of $5,00C is estimated, see

also (:) ir. Figure 3.

If Step "c¢" indicates a reed for detailed plant calculations
to determine quantities of cebris generated, what fraction

gets to the sump, screen blockage effects, etc., an estimated
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time of three to four man-weeks ° ‘cted based on the
level of effort expended for the ~2ve .. plant-specific

studies carried out for USI A-¢. ¢ M.

An impact of $10,000 to $15,000 per detailr.. ;lart .. :lveis is
.- projected, see also (:) in Figure 1. Since i. is expe. 4 .at
this debris related analysis will be required for sc'.» nf the
older plants employing unencapsuiated mineral wool, or fibrous
insulations. A four to six plant estimate is projected, which

would result in a total industry impact to $£40,000 to $90,C0C0.

e. If p1antfspec1f1c calcqlations reveal unacceptable sump screen
cebris blockage, design modificaticns then need to be
considered. Pcssible solutions include utilization of
intermediate screens which wculd intercept the debris
cepositicn on the local sump screen occurs, encepsulation of
insulation, shiclding structures to prevent break jet
impingement, etc. Use of interception screens is estimatec to
cost 530,000 to $60,000 (see also (B) in Figure 1) end is 3
basec cn a potential fix discussed that four to six plants may :
recuire corrective actions and this wouid place the total

industry impact at $200,CCO to $480,000.
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[t should be noted that the detailed plant calculaticrs (per
RG 1.82, Appendix A guicance) will reveal locatibﬁ ana
quantities of insulation requiring atterticn. The existence
of such problem areas does not imply the need to replace all
the insulation. A more cost effective alternative would be
selective insulation replacement.

The most severe impact would result if it were found recessary
to replace 211 fibrous insulation, see also (6) in Figure 1.
This case is considered in this value-impact analysis since it

represents the severest fiscal impact.

Table 3 illustrates cost estirates for insulation replacement
for several plants to illustrate plant cependancy ana is besed
on CcstT ana expcsure data derived tTrem wctug! rar-hcurs and
exposures for steam generator replacemert 2t the Surry Units 1
and 2, plus follow-up discussions with onsite staff. Two
additional cost estimates were developed from contacts with
the insulation suppliers noted. Estimated cest impects can
range from $25,000 to $700,CCC cepending on insulation
quantities recuiring total replacerient for the plant in
question., Given the costs shown in Table 3, an "averzged"
cost impact of $550,000/plant will be assumed for value-impact

calculations which follow.

——
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in accition to labor costs, the radiolcéical exposure impact
must be censidered and is derived from the values shown in
Table 2. The dependence on level of insulation replace must
requirea is evident, with a range of 10 to 100 man-rem being
forecast. An insulation replacement exposure irpact of 50
man-rer/plant was therefore assumed for the value-impact

analyses which foliows.

In addition, the assumption is made that plant shut downs
solely to replace undesirable irsulations will not be required
(thus purchase of replacement power has nct been included)
since thg risk/consequence calculations c¢¢ rot support
shutting down operating plants. Based on discussions with
Maine Yankee stafr, the plant owner indicated corrective
actions (e.c¢., installation of additicral screens and
selective removal of minerel veel dnsuiation) could be carriea
cut curing scheduled refueling outzges. If necessary, the
work involvirge replacement of insulation coulc be perforred at

two or more refueling cutaces.

liith respect to new plants, cr those applicants in the L
review cycle, the sump hydraulic perferrezrce data contained in
NUREG-0827 and reiated references are a "value" since: (a)

the extensive sump hydreuiics data base (which has been

incorporatea into ithe revised RG 1.82) can remove the need fcor
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TABLE 3, ESTIMATES OF INSULATION REPLACEMENT
COSTS AND ASSOCIATED EXPOSURES

Unencapsulated Cost Est.1 Cost Est.2 Cost Est.3 Est1mated4

Plant Insulation No. 1 No. 2 No. 3 Exposure

N (7t?) ($x10%) ($x10°)  ($x10%) (nan-rem)
Salem Unit 1 13,200 281 238 660 99
Maine Yankee 6,700 142 121 335 47
Ginna 1,000 21 18 50 8

Millstone Unit 2 1,300 28 23 65 10

1These costs are derived from Surry Units 1 and 2 steam generator
removal and reinstallation data, and discussions with onsite staff.
A "per-unit" cost of SO.BS/ft2 for replaced insulation was derived
and labor costs of $25.00/hr were assumed.
2Telephone estimates from New England Insulation Company (Maine Yankee
has employed this fjrm) were: SB/ft2 to remove, Sll/ft2 to fabricate
new panels, 53-5/ft2 to install.

- for mirror-insulation fabrication and

3Tclephone estimates of $35-50/ft
installation were obtained from Diamond Fower who supplies such insulation.
A value of SSO/ft2 was employed.

4Exposwe data were derived from Surry 1 and Surry 2 data. Discussions with
Surry site staff indicates that a 50 man-rem exposure level for insulation
replacement is realistic if the job is pre-planned. An equiva1ént dose of

3

7 x 107 man-rem/ftz of insulation replaced can be derived.
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édditional sump model tests which have ﬁreviously cost $5G,CC0
tc $15C,CCO per plant, and (b) can remove the need for
“in-plant” tests designed tc demonstrate sump hydraulic design
adequacy by visual observaticns for air-entrainihé vortex

fermation.,

3. NRC Cperation

The "“impact" of proposed changes with respect to staff review time
will be minimal making use of the guidelines contained in Appercix
A of the Revised RG 1.82. NUREG-0897 and supporting reference
provide additional technical information which will assist the
staff reviewer. It is estimated that less than 1 man-week of starf

review time would be required (Estimated cost = $1500/plant).

The experimental data and gereric plant infcrmation and
calculaticrs centained in NUREG-0697 (and suppurting references)
represents a funding investment of approximately $3.C milliorm cr
the part of the KRC and DGE and this informztion is a "value" to
teth the NRC and industry. This extersive cata base provides a
basis for eliminating unnecessary in-plant testirg, or sump mecel

tests.

&, Other Covernmert Agencies

Since sump design review and acceptance are carricd out sciely by

RC steff, no impact on other government zcercies is projected.
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5.

Public

The "value" to the public would be avoidance of pubiic dose from
addditional core melts, due to sump failure, if the recommendations
are adopted. Based on the PRA results noted in Table 1, the
calculated average public dese which could be averted is 1500
man-rem/plant. Given the projection of six to ten plants which may
have a debris blockage problem, the total public “"value" is §,000

to 15,000 man-rem potential reduction.

Overall Value-Impact of the Proposed Actions

These value-impact results can be summarized as follows:

Fvoided Public Dose = 1500 man-rem/plant Avoided Plant Site
Uoce = 23 man-rem/plant Estimated Inplementation Dose = 50
nen-ren/plant Core Melt Frequency Decrease = 5 x 10~
5/(plant-yrs) Core Melt Reduction = 11.5 x 1¢°°
accidents/plant reraining

iife

The estimated prescrt-verth of plant cost due to a core it
accident is S1.65 billion. Therefcre, thz proposed changes provide

¢ meens to avoid an accident cost of:

|
i
i
|
i
|
%
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Avoided Accident Cost = (Core lelt Reduétion) (Plant Cost)
« (11.5 x 107%) (51.65 x 10°)
« $1.9 x 10%/plant
cr nearly S2 million per plant.
These "values" can be compared with estimated "impacts" of $100,000
for plant fixes (such as suppiemental debris screens) to $400,000
to £7€0,000 per plant for replacement of large quantities of

troublescme insulation.

The overall impact on operating reactors is shown in Figure 5
which follows the same implementation actions and costs identified
in Figure 1, .Assuming 75 OL's, the estimeted impact for
determining the extent of the screen debris bleckzge probiem is

$0.7M; another S$3.0M is projected for plant fixes (or retrofits).

The above value-impact data can be viewed as a ratic of value
geined versus cost to implement (or & V-1 ratic), which is defined
as:

V-1 = Avoicded Public Dose

Cost of Implementation ?
Fcr cperating plants, this ratio computes to:

V-1 = (1500 man-ren/plant) (5 plants) = 2344 man-rem

S(.7 + ¢.5)M SHillion




75 OL's™

FIGURE 2, ESTIMATE OF OVERALL INDUSTRY COST IMPACT FOR OL'S

[y 50 PHR's —

Determines Extent of <¢——
Debris Problem

»25 BWR's = (25)($5000/plant) = $125,000

—(40) ($7500/plant) = $300,000

Lv»-(10)($22,500/plant) = $225,000
Total = $650,000

1

2 24nso|dul

%" Plant Backfits Required

~»-(5)($80,000/plant) = $400,000

(Alternate fixes, Rg-additional
screens)

L

~n

> -
]

L »(5)($500,000/plant)* = $2,500,000

Total = $2.9'Million

*for replacement of large amounts
of troublesome insulations.



Enclosure 2 - 25 -

or = {1500)(5)/(.7 + .4) = 6818 man-rem
$Million

The reacer is cautioned against over optimism regardihg values to
be gained versus impacts frcm these V-I's. There are uncertainties
attributable to costs and avoided doses. However, the V-1 computed
value supports moving forward with the proposed actions. Generic
studies have already identified one piant having potential debris
blockage problems. A systematic determination of the extent of the
problem is warrented from safety consideration aspects. The V-I

ratio, based on a single problem plant assumption weuld be:

V-1 = (1500 man-rem/plant) = 2857 man-rem
($.525M) $Million

The radiological impact versus iccal plant radiolcgicel cain (50
man-rzr incurred versus 23 man-rem avoiced) shculc be ccnsidered
offsetting cdue tc the averaging methods usec in these analyses and

associated uncertainties.

Technical Approach

Technical Alternatives

a. Procead with the propcsed recommendation, including backfit

correction to operating plants, only where plant specific

analysis reveal a chance is needed.

|
I
{
{
{
|
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Issue NUREG-0897 and the proposed changés to SRP Section 6.2.2
anc RG 1.82, but with implementation required only on new
plants.
Issue NUREG-0897 and associated references for information

only, but take no other action.

€. Ciscussion and Comparison of Technical Alternatives

a.

Proceeding with the proposed recommendations will incur the
values and impacts discussed in Section I.C and as summarized
in Section I.C.6. A value-impact ratio of 2300-6800 man-ren
avoided per million $'s to backfit has been computed. It is
clear (with the exception of massive insulation backfits) that
the benefits out weigh the impacts. laintaining the current
versicns of RG 1.82 and SRP Section 6.2.Z rurs centrary to
technical findings presented in KUKEG-CES7 and associated
references which reveal 2 ruch less severe sump air ircesticn
picture, but also reveal a deficiency in currert assessments
of debris blockage effects ¢ sump operation.

Accepting the proposed changes to KG 1.82 enc SPP Section
€.2.2, for implementation on those plents where a SER will he

issued following implementation of the propcsed changes is the

minimal route which should be considered. The techrical

findings presented in NUREG-0897 and references, reveal a
significantly different picture then previcusly hypothesized

ard show that the prior accepted levels of risk may not exist
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in some plant. However, ignering theAimp11cat10ns of the
results of the A-43 debris blockage effects with respect to
OL's and NTOL's is not acceptable. ECCS analysis have assumed
an operable sump;findings indicate screen blockigé potential

fer plants using unencapsulated fibrous insulations.

c. To continue to use the current RG 1.82 and SRP Section 6.2.2,
would ignore the experimental deta base and plant analyses
which clearly peint out the need for these recommended
changes. This is not &n acceptable altarnative since A-43
pIant-spgcific calculations have shown that the 50% screen
blockéce guidance in the current RG 1.82 can result in

erroneous and non-consirvative plant results.

C. Decicion on Technical Approach

Given the positive-finairg from the value-impect analysis (See
Section 1.C.6) and the need to correct current kegulatery technical
deficiencies, the reccmmendation is, therefore, riade to revise SRP
Secticn 6.2.2 and RG 1.82 which reflect the technical findings
centained in NUREG-0897, and alsc backfit the licensing positicrs
set forth in Appendix A o7 kG 1.82 to operating plants and NTCL's

which have received a SER.

S PP —
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I11.

Plan for Implementation

A.

Safety or Environmental Significance of Proposed Action

As noted previousiy, the estimated avoided public dose is
approximately 1500 man-rem/plant. Since it is projected that six
to ten Plls may be found to have debris blcckage potential that
requires corrective acticn, proposed changes have the potential for
avoiding a 9,000 tu 15,000 man-rem public dose due to a blockea (or

failea) sump.

Decision on Plan for Implementation

Given the technical findings and these value-impact assessments,
the recormmnd;tion is mece to proceed with the recommended changes
to SkP Secticn 6.2.2 and RG 1.82, both of which incorporate the
technical findings contaired in NUREG-0897 and related references.
This will provide the necessary safety assurance for new plant
cesigns, and as a “forward fit" would represent a minimum impact

route.

With respect to operating plants, and NTCL's for which an SER has
already been issvec, the zppiicant or licensee shoulc te recuired
to show an acceptable sump design utilizing the guidelines and
criteria set torth in Appenaix A ¢f the revised RG 1.82., In
perticular, the applicant/licensee.shoulo cemonstrate that )

potential LCOCA gererated debris effects do not result in excessive

scraen blcckace leading to loss of NPSH margin for the
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recirculation pumps. It is expected that a‘few of the vicer plants
employing urencapsulated fibrous insulations will require follow-up
on corrective measures which may be submitted. It is also expectea
that PHRs would incur the major impact of reanaiysis'vie Appendix A
of the revised RG 1.82.

Implementation would follow issuance of the revised SkP Section
6.2.2 and RG 1.82 following receipt and consiceraticn of public
comments on the proposed revisions, and resubmitted to the CRGR for
review prior to implementation. The generic letter would result in

a two step operation which:

&, Identifies the extent and severity cf the problem, and

proposed fixes if required.

b. Establishes of a schecule for implementation which rinimizes

impact on plant operation.

Although BWR's are not expected to incur irsulation debris
preblems, cperating BWRs should be requirec to shcw that plant
insulations employed will not result in unacceptable debris
biockages for the RKR sucticr intékes utilizing the metheds
outiired in the Revised RG 1.82, Qppendix A, ur &n ecuivalent

alternate.

S —
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A "draft" generic letter which wcuid implement these requirements

for OL's and NTOL's is provided at the end of this enclosure.

IV. Procedural Approach

A. Procedural Alternatives

b.

Issue NUREG-08S7, for information only; take nc other action.
Implement use of the revised SRP Secticn 6.2.2 and RG 1.82,
for only those plants not having a SER at time of

implementation, or a "forward-fit" only,

Require that all plants (including operating plants and
NTOL's) evlauate sump design adequacy per Appendix A of the
revised RG 1.82, and in particular assess the surp screen

blockage effects associated with LCCA generated debris.

E. Velve-Impact of Procedural Atlernatives

a.

The "impect" of alternative (a) is zero since no changes are
implemented. There is a "value" associated with the
information provided in NUREG-0897 and related references.
This option is, however, uracceptable since deficiences heve
been identified in the currert version of RG 1.82 with respect
tc cebris assessment,

The "value" associzted with alternative (b) is relatea to the
data contained in NUREG-0897 (ard references) which can

replece in-plant and sump model tests. The "impacts" are

e e a0 St
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associated with designing for avoidancé of sump air ingestion,
use of less troublesome insulations, etc. Since option (b) is
a forward fit, plant cost impacts should be minimal. An
“impact" of $10,000 to $15,000/plant is estimated (see also
Section I.C.2).

c. Alternative "c", which is the recommended acticn, would have a
“value" of an avoided accident dose of 1500 man-rem/plant
(overremaining plant life) with an attendant impact of
$100,000 to 550,000/plant (see again Section I.C.6). In
addition, avoidance of any accident situaticn which could lead
to core pclt should be pursued. Failure of the sump for those
accidents requiring long-term recirculation capability can
lead to core melt. The calculated reduction in core relt
frequency attributable to sump failure was S x

-
10 “/reactor-year.

C. Decision on Procedural Apprcach

P R U——

Given the results cof this "value-impact" assessment on the
arocedural approaches, the recoemmercation is made to proceed with !
Alternative "c"; namely, require that plants show by analysis that
sump design is adecuate and that, cebris blockage effects do not

lead to excessive sump screen blockage per Fppendix A of the

Revised RG 1.82. As noted previously, the severity of the
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identified proolem should be reviewed by both applicant and staff

prior to embtarking in extensive fixes.

V. Statutory Considerations

AI

KRC Authority

Since the proposed changes are revisions to RG 1.82 and SRP Section
6.2.2, these actions fall within the statutory authority of the
NRC. Furthermore, the recommendation to require applicants tc
demonstrate adequate sump performance falls within the statutory
authority of the NRC to regulate and assure the safe operation of

nuclezr power plants.

heed for NEPA Statement

The proposed changes and potential plant retrofits do not warrant a

KEPA statement.

VIi. Surmary anc Cenclusions

1.

b ]
“.

w
.

Issue the Revised SRP Section 6.2.2 and RG 1.82 for public comment.
Issue NUREG-0897 for public corrient. This staff report summarizes
USI A-45 technical findings.

Ffter resclution of public comments and CRGR approval to proceed,

issue the.kKevised XG 1.82 and SRP Section 6.2.2 and recuire that
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new plants, operating plants, NTOL applicants* assess their sump
design and debris blcckage potential as outlined in Appendix A of

the Revised RG 1.82, or by other equivalent methods. ks
4. Upon receipt of the findings submitted under Item 3, and staff

evaluations, determine what (if any) corrective plant actions may

be required.

*If the scaff Si“ety tvaluation Report has aiready been issued at the tire

the PG 1.€Z revision is issued in effective fcrin, the assessment for a NTOL

would be made after issuance of the CL.
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DRAFT GENERIC LETTER

TO: A1l Licensees of Operating Reactor Plants and Holders of Construction

Permits

Gentleren:

SUBJECT: ASSESSHMENT OF CONTAINMENT EMERGENCY SUMP PERFORMANCE CURING THE
RECIRCULATICH HODE (GENERIC LETTER )

The purpose of this recuest is to establish containment emergency sump
operability in the post-LCCA pericd wherein long-term recirculation must be
maintained. COur principal concern relates to LOCA generated debris which
could Tead to severe screen blockage and result in loss of pump net pcsitive
sucticr rend (NPSH). The technical aspects cf this issue (namely sump
hydraulic performance, cebris effects and pump operation under acdverse
cerditicons) have been extensively studied and the results are contained ir
NUREG-CES7, "Containment Emergency Surip Performance." Non-encapsulated
fibrous insulations appeir tc pose the potential for excessive screen
blockece. These technical findings have teen incorporated into NRC's
Standard Review Plan, Section 6.2.2, Revision 4 and KRG 1.8Z, Revision 1.
Appendix A of RG 1.82 provides evaluation guidelines which can be used to
evaluate sump perforrmance. These revised documents form the criteria for
Ticensing reviews and will be aoplied tc plants fcr which the NRC Safety
Evaluation Repert is not yet issued. Copies of these docurents are provided

for your use.

o[ 8(82 '



Therefore, for operating reactors and for those plants where the NRC Safety

Evaluation Report (SER) hac already been issued an assessment of containment

emergency sump performance will be made for determination of:

(a)

(b)

(c)

Sump hydraulic performance, including an assessment of levels of air

ingestion. Air ingestion &£ 2 volume % is considered acceptable.

The amount of insulation debris which might be gererated by the
postulated pipe break(s), the transport of such debris to the sump screen
and attendant screen blockage which might occur. The resulting screen
olockage calculated must be used to deternine estimated head loss

Tor estimating NPSH impact. The previously employed 50% blockage

guidance no longer applies.

The availeble NPSH margin for the recircuiation pumps vinen the combinec
effects of Items (&) and (b) are considered. The NPSH marcir so
identified must be sufficient to assure acceptatle purp performance

during the required pericc of operation.

Appendix A of Ra 1.82, Revision 1 provides an ccceptable method, or

cuidelines, for carrying out the analyses requested above.

The primary purpose of these evaluaticns is to demonstrate that edecuate

recirculaticn purip hPSH margin exists, as previcusly assumed. If these




calculations indicate deficiencies, the respondee will identify corrective

measures or plant modifications which would be required.

Accordingly, Ticensees of operating plants and applicants who have received
an OLSER, should submit their evaluation of sump performance and available
NPSH within 150 days from the date of this letter, or submit within 30 days
an alternate analysis schedule for responding to this generic letter. Based
on these evaluations, an if corrective measures are identified, alsc provide
us with your proposed schedule for implementing any mcdifications which may

be required..

This request for information has been approved by the Gffice of Management

:n¢ Sudget under clearance number which expires

Sircerely,

Parrell G. Eisenhut, Director
Oivision of Licensirg

Office of Nuclear Reactor Regulation
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