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6.0: VALUE-IMPACT ANALYSIS FOR “CONDENSER IN-SERVICE
INSPECTION: PROGRAM™ REQUIREMENT '

-

i

€.L SUMMARY'

This sectiom states the proposed requirement and the bases for
its selection and: sumarizes the: results. of the value-impact analysis.

g.1.1 Descaription

This analysis addresses the requirement proposed by NRC(1) for a
license condition to be added to include a commitment to perform condenser
inservice inspection if the secondary water chemistry conditions and
1imits used to establish power reduction requirements are exceeded to
the extent that & power reduction is required twice per quarter as 2
consequence of condenser leakage. The condensér inservice inspection
program shall be included 1{n the plant operating procedures.

6.1.2 Need for Action

Condenser operating experience was summarized in EPRI-NP-481,
“Steam Plant Surface Condenser Leakage Study," by the Bechtel Corporation,
The Bechtel survey (2) assessed the leakage integrity of the condenser and
the reliability and operability of the downstream components to the
contamination introduced from the recirculation water. Air and water
{n-leakage through the failed condenser tubing can contaminate the
condensate, feedwater, steam generator water, and steam, which, in turn,
degrades the structural integrity of the steam generator tubes, turbine and
other components in the cooling system.

The tolerance to a given leak in a given plant is a function of
the impurity content of the recirculation water, the presence or absence
of condensate demineralizers, the materials in the condenser and feedwater
trains, and the specification requirements for the reactor coolant cycle
water. Many undesirable contaminants enter the secondary system
through condenser lTeaks and condenser integrity Iis essential to main-
tafning good water chemistry.
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[t is intended that the new limits for secondary water chemistry -
wiTT provide the incentive tx maintaim proper condenser intagrity. The
condenser- {inspections under this requirement are & backup measure ta
- assure. condenser iategrity only if there are regeateni 1nd'l cations that
satisfactory water chemistry cannat be matntained. -

&I.T Sumnary of Values and: Impacts

Admintstration off the condensar ISI program could be performed
withinr the estimatad: personnal additiomr for the SWCP. The primary value
of thiz requirement {s. the back-up assurance of providing compliance with
SWC Timits. The condenser inspection equipment costs are approximataly
$25,000 for leak datection (helium), with aach inspection cost betwaen
$5,000 and $25,000, depending on tast extent and type. Repair and {aspec-
tion radiation doses are sstimatad at §-30 man-rem annually.

It 1s concluded that this CISIP requirament should aither be
fncluded within the SWCP requirement or dropped completaly. This conclusion
arises from the dalief that no affective SWC? 1s possible without CISI and,
thus, the CISIP should be explicitly or implicitly included in the SWCP.

5.2 APPROACH

6.2.1 ObJective

The abjective of this avaluation is to determine the values and
{mpacts related to implementation of an NRC requirement for incorporation of
a requirement for a condenser in-service inspection program (CISIP) as a
licensa condition for PWR owners. The results of the analysis are %o
provide sufficient qualitative and quantitative information to assass the
overall merit of the CISIP requiremant.

5.2.2 Scope

The listing below provides the impacts and values to be addrassad
ralative to a CISIP and thus provide the basis for assassing the cost
factors, change in STGR probabilfty, and dose factors. This program is
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ﬁeav-ﬂy reTated ta the implementation of 2 secondary water chemi siry '

program (SWCP) which is perceived by NRC to be of major {mportance. The
approach used: to develop qualitative and quanfitati ve. values for these
factors was & telephone survey to & number- of PWR  owners.. This. survey was
performed concurrently with the SWCF survey. The items investigated
tncluded: the: fallowings

- purchased replacement power
- peplacement/maintenance: of equipment
-  occupational exposure from inspection
- operating labor for inspection, data analysis,
reporting, and audits
-  improved availabflity/reliability and operability of
downstream component
o Increased SG life
o Improved SWCP
0 Reduced risk of SGTR

6.3 RESULTS OF ANALYSIS

Table 6-1 presents a summary of the {nformation received from
the telephone survey of the PWR owners. These data were ytilized in
formulating the preliminary results. ;

€.3.1 Industry

A CISIP can effect the lowering of SG degradation rates by
ensuring condenser tube integrity, but only after SWC limits were exceeded,
as this CISIP requirement {s written. If SWC conditions and limits could
not be maintained, unit power reductions and their attendant high replace-
ment fuel costs ($5,000 per day per percentage point reduction) would force
the unit's operator inte corrective action. Thus, with a SWCP and 2
condenser-related problem, attention is focused on condenser repair from the
onset, with or without a CISIP. /
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2.

3.

4.

Table 61 :
Summary of Pertinent Informatiom Recaiyed During Survey
of° PWR Qwners -

NearTy aIT of the: people surveyed indicated that a good CISIP fs the
major contributiomr tz avoiding 2 condensar tube rupture.

A number of the units perform CISIP during downtimes.

Some units would not provide specifics on their CISIP. The units
responding provided the following concarning their CISIP:

o 1 unit - Eddy Current Testing (ECT) and Helium Laak Checking

) 2 units - Sxtremaly detailed CISIP - 100 percent ECT and air
fn-leakage plus Helium leak checks frequently.

o 1lunit -ECT and air in-leakage checking
[t is estimated that there would be no labor impact due to this ree-

quirement; the administration of this program could ba handlad by the

samg staff additions made for the secondary water chemistry program
administration.
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acts . B

The:ayeragezimpact:on-the~1nd§3try acgprding:tm,the survey results
presented: imr Table: 6-1 appear to be: minimal. Assuming the administration
of the: CISTF could be performed by the same staff and withim the allotted
time for- the secondary water-chemistry program, them the only impact
would: be related to the frequency and: extent of testing. It appears that if
there was & requirement far 100 percent ECT at all units, this would
require am increase im test service costs. Similarly, the air inleakage
and: helfum leak checking could cost substantially more if more frequent and
extensive testing became 2 requirement.

The costs associated with helium leak detection fnclude (3)
$25,000 for the equipment and an annualized nominal labor and material cost
of $5,000 per inspection. The estimated annual exposure {s 12 mman-rem for
present methods of leak detection and repair, and heliumm testing can reduce
this exposure by 6 man-rem (3). Present ECT and air {n-leaking costs range
from $10-25,000 per inspection, depending on the number of tubes tested.

These {mpacts are unit-specific. Some units will probably
experience no impact while other may experience stgnificant cost impacts.
From the survey results, approximately 30% of operating plants would need to
implement CISI programs.

Values

Historically, condenser tube integrity has accounted directly or
fndirectly (denting) for approximately $0% of the SWC problems which affect
SG tube degradation. The CISIP will help prevent power reductions and
outages due to exceeding SWC conditions and limits on a recurring basis.
However, the values and benefits assigned to a CISIP are included in those
attributed to the SWCP requirement.

The SWCP {s considered the "main® requirement because the
maintaining of the proper SWC {s what prevents SG degradation, and the
penalties for not maintaining proper SWC are deemed savere enough to ensure
correction of any problem, including condenser integrity. Thus, the CISIP
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Ts considered a necessary part of am effective SWCP and should. be included
withinr the SWCZ requirement..

53.Z PuslicRisk : N :
Thes publfe risk reduction s included withim that of the SWCP for
thgreasons outTinmed abave.. _ .

£33 [mplementatfonr ?Tarr

[mplementation of the CISIP requirment should occur in parallal
with the SWCP. The impact of implementing the CISIP should be minimal.
ECT, helium leak testing, and air-inleakage tasting are servicas and aquip-
ment which are available.

§.3.4 Altarnatives

One alternative ts a saparate CISIP requirement is to include CISI
within the SWC? requirement. [t seams justifiable that no SWCP can be truly
affective without a CISIP. Thus, the SWCP could simply be writtan to
require/include a CISIP.

A second alternative would be to drop tha CISIP raquirement
completaly. The industry would still have to deal with condenser inspection
and maintanance simply due to the progressively mora stringent corrective

actions required for out of spec water chemistry conditions undar the SWC?
requirement.

6.4 REFERENCES
1. T. Ippolito (NRC) to G. C. Lainas, Memorandum, "Forthcoming Meating
with Steam Generators Qwners Group - Proposed Staam Generator Generic

Requirements®, July 22, 1982,

2. Bechtal Corporation, "Staam Plant Surfaca Condenser Lzakage Study,”
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3. Atomic Industrial Forum, "An Assessment of Engineering Techniques for

Reducing Occupational Radiation Exposure at Operating Nuclear Power
Plants®, February 1980. - b ) ‘

-
-
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7.0 VALUESIMPACT ANALYSIS FOR * A s'ruuf OF ALTERNATIVE.
METHODS. OF STABILIZATION:-AND. MONITORING :0F |
DESRADED TUBES IN STEAM GENERATORS™ REQUIREMENTS

T.L SUMMARY"

This sectfom describes the proposed: requirement and the bases for
{ts selection and summarizes the results of the value-impact. analysis.

7.1.1 Description

This analysis addresses the requirement proposed by the NRC to
develop criteria and procedures for stabilizing and monitoring degraded
tubes in steam generators. These recommendations were presented to the Steam
Generator Owners Group by the NRC (1) on July 29, 1682. The
recommendations for this task are summarized below.

Pressurized water reactor (PWR) licensees shall be required to
develop criteria and procedures for plugging steam generator tubes which
contain provisions for: (a) the stabilization of degraded tubes that may be
subjected toc progressive degradation mechanisms having the potential to
cause severance of the tube and consequently to damage adjacent tubes; and
(b) the monitoring of further degradation of plugged non-leaking tubes for
which the rate of further degradation cannot be reliably predicted.

Additionally each licensee shall be required to submit a report
containing an identification of all progressive degradation mechanisms
presently occuring or likely to occur in his plant. The criteria in the
report shall enable a determination of the licensee's bases for providing
for or not providing for a stabilization system or 2 monitoring system for
tubes plugged in the past as well as for tubes which shall be plugged in the
future.

The above two proposed requirements will involve anaiysis of the
history of all types of tube degradation mechanisms which have occurred in
each plant, and an assessment of which types are progressive.
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T.I.Z  Reed forActiom

The: neegd for- these recommendations. is basad an the fact that a
plugged tube may continue tax degrade further apd, if the degradatiom
mechaniszt 1S 2 typer thats could: cause the: tube to completaly saver, it could
them damage adfacent tubes.. The most important types of degradatiom for
this type of* faiTures are thaser which affect the entire circumference of the
tube.. Circumferentfal cracks and fretting wear due to vibration are two
examples off mechanfcally induced means for- savering the tubes. Corrosion
whiclr attacks the entire circumference of the tube,. or the potential for
propagating a corrosiom defect by fatigua, aithar as a rasult of flow-
induced vibratiom or cyclic Toadings due to differential thermal expansion
batween pTugged and unplugged tubes ars examples of corrosion-inducad
mechanisms for severing tubes. Tube stabilization would affectively pravent
a savaered tube fronm damaging adjacent tubes, and in some casas could
pravent the stabilized tube from becoming savered in the first placa.

The nesd for a study of monitoring technigues, beyond the current
conventi_o:'wa‘l insarvica inspection practices for the purposa of monitoring
the integrity of tubes plugged on the hot leg side of the staam generator,
is demonstrated by newly encountered degradation mechanisms for which
knowledge of the tube failure rata is limitad or unpredictabla. Monitoring
the plygged tube's integrity would provide an early warning of further
degradation prior to severancs.

There {3 a second subsat of tubes that could concaivably provide
information about ruptura ratas {f they were to have a l2ak monitoring
daevicz installed. An example i{s the model D st2am generators usad by the
Wastinghousa plants at the Swedish Ringals 3, the Spanish Alamaraz 1 and
MckGuirs 1 have posed some problems with tube fretting which is not well
understood.(3,9). Some type of tube laak monitoring device might help
fmprove the level of understanding for this problem, so that the vendor
could suggest a solution to the problam. Another axampla of tubes that
might fall in this subsat ars those which have been subjected to mechanical
damaga such as the one which failed at Ginna (10,11).
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T.1.3 Summary of Values: and Impact

The- vaTues: and impacts to 16dustry and to _t-he public of carrying

out these studfes are limited. There will be ao ¢hange in risk to the

public or im occupational radiation exposure to industry personnel unless
the: crftarfz and procedures developed: cause: 2 new program to be implemented.
The: fmpact o eachr PNR Ticansee: would be the cost associ ated with 3/4-to 1=
1/Z man-year's. effort to: perform the study and prepare the required report
for- the NRC. The value of the study would be realized if criteria and
procedures were developed by the fndividual plants which required
implementation. At that stage of the process, & definitive assessment could
be made to determine the costs of implementing the alternative tube plugging
and monitoring techniques compared with the benefits of avoided costs of a
* forced outage. At this point is is necessary to assume a probability of
generating a new program as a result of the criteria and procedures and make
a rough estimate of the values and impact that ensue.

7.2 APPROACH
7.2.1 Objective

The objective of this task is to perform a value-impact analysis
associated with the recommendation that licensees develop criteria and
procedures for tube stabilization and monitoring, and submit an assessment
of prior and anticipated tube degradation mechanisms.

7.2.2 | Scope

The scope of this task is 1imited to an assessment of values and
impacts associated with the development of criteria and proceedures for tube
plugging which contain provisions for stabilizing and monitoring degraded
tubes and for preparing a report which identifies in-plant progressive
degradation mechanisms: Consequently, only the cost associated with these
studies can be reasonably predicted and these are detailed herein. However,
in addition, estimates are provided of the impacts and benefits of program
implementation. ' '
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T.3 RESULTS OF ANALYSIS

7.3.1 Industrys Values and Impacts '~

-
.

[ order~ o meets the: NRC requirements of these recommendations,
eachr plant wilT need tx review its plant operating records, paying specific
attentionr to ther steam generator- performances. Im alT cases, metallurgists
witlr spectfic experfenica o SGT” degredatiomr mechanisms will be required to
review the history- o the steamr generator tubes, including reasons for past
plugging or- stabilizing. Representatives of the manufacturers of the staam
generators will have to be consulted, sinca thair cumulative experienca is
greater than any single licensee, This greater experienca with SGT problems
would be of value in helping to prepare the criteria. Consultation with
service enginears and operation and maintanence engineers for a2ach plant
will be necessary to develop an understanding of procedures for altarnative

. tube plugging mechanisms. The above data gatharing phasa invalves

approximataly 5-10 man months depending on the level of problems associated
with the specific plant. Thasa plants with no history of steam genarator
tube plugging will probably require the minimum effort suggested above.
Plants with axtensive damage and repair history may need the ten months.

Aftar the data has been collected and analyzed, the criteria and
procadures can be formulated with a 2-4 man-months affort. Each plant
necessarily has to work with the steam generator vendors and possibly with
manufacturers of fnservice inspection equipment for the davelopmant of
procadures. ODepending on the potential number of tubaes affectad by the
study, diffaerent procadures may be established. For instancs, if only a
small number of tubes area fnvolved, manual procedures may be satisfactory in
terms of impact and (RE. On the other hand, for plants with a potentially
large. number of affectsd tubes, sami-automated procedures, may be required
in order to minimize costs and mafntain ALARA goals. (2,3,4,5,6) DOuring
this phase of the study, various concapts for providing for monitoring and
stabilization may be considerad. For example, tha Sentinel plug, which
Westinghouse engineers have davaelaoped to monitor when a tube first
axperiencas a through-wall penetration, may be just ona.of saveral methods
which result from the studies to be undertaken by each plant. Similarly,
the solid rod used to stabilize plugged tubes may also be only one of
saveral mechanical alements proposed by thae study participants.
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The Tast phase of recommendations involves developing: a criteria
tr z report which shall enable NRC to determd n& the: 11 censee's bases for
providing or not providing monitoring or stabiTizing capability for
_ degraded,. plugged tubes. This phase should require approximately 2-4 man—
months of efforte :

The: totaT impact to each plant will be om the order of 3/4 to
1 I/Z man-years of effort to produce the required criteria, procedures and
report for- the NRC.

The value to industry for doing the study must be measured in
terms of an increased understanding of degradation mechanisms and the actual
magnitude of the problem in each plant. If the study were to result, at
some later date, in implementation of a specific tube monitoring or tube
stabilization procedures, them a reasonably accurate assessment of the value
in terms of reduced risk of steam generator tube failure or of avoided costs
due to a2 forced outage could be made.

7.3.2 Estimate of Implementation Values and Impacts

Twenty-three Westinghouse, Babcock & Wilcox, and Combustion
Engineering, units will require tube stabilization and 19 W, 8&W and C-C
units will require tube monitoring. These estimates are based on 2 history
of tube plugging due to 2 subset of the degradation mechanisms which could
continue to cause degradation after plugging. The mechanisms considered
are: cracking, fretting, fatigue, wear on anti-vibration-bar, mechanical
damage, corrosfon and “unknown®,

The cost of implementing the plan has Dbeen estimatad by
considering the average cost per unit for those units which would be
affected by the stabilization and the monitoring sections of the plan. The
total avoided cost or value to industry is estimated by the product of (1)
the avoided frequency rate for SGTR events/reactor year; (2) the number of
units affected; (3) and the cost of one 30 day outage per year for 25 years
to repair failed SG tubes. The cost for the 25 year present worth of 30 day
outages $311,000,000, {s based on Ginna data. The reduction in failure rates
for Westinghouse, Babcock & Wilcox and Combustion-Engineering Plants was
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.f’aund: ta be 0.0065, 0.0189, and 0.0006 respectively. The values and impacts ~

presented im Tabler 7L consider z single: retrofit cperatiom and a recurring

instalTation aperatfom for- 25 years of* additiaonal p! ant 1ife. The dollar

values are dfscounted tg present warth.

-
-

Thecc:unmcnsl’ 'exnosures associated with implementing i’.he tube

stabiTizattom and: tube momitoring deyices have beer estimated to be betweem

80 and 1023 mamerenr per- uniti. These figures represent exposures utilizing
z semt-automatic procadure for~ botir retrofit and recurring {nstallatiom for
the next 25 years of unit operation. The range axprassad above is due to
the range of time necessary to install tube stabilizers and monitors as
estimated by represantatives of each vendor. (2,3,4)

Iv.7-8

'



Table 7-1.. Present Wortir Cost per PWR Unit of ImpTementatiom
of Alternative Tube Piligging Criterizg*™

-
-

Vendor Westinghouse:  Babcock & Wilcox  Combusti en-Engineering
(s105) ($106) (5106)
Value:
Avoided Costs: ir - 47 0]
Due: to: Forced '
Qutage**
Impacts 24 1 )
Costs to
Implement
" Stabilizers
Number of Units 15 8 0
Affected ' :
Cost to Implement 9 1 1
Monitors
Number of Units 10 ] 1
Affected
Net Value -2 45 -1

* Considers a Single Retrofit Cost Plus Recurring Costs for 24 Additional
Years of Plant Life Discounted to Present Worth.

»* Avoided costs due to forced outage apply only to the stabiifzer part cf
the plan.
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7.3.3 Alternatives

Study wittr ImoTementatiom -

Aw alternativer tx ther proposad recommendatior would be 2
study directad taward impTementation of its results. Because the study
alonex doess nott requires any actiom on the part of any licensee, there will be
nx vaTue v terms of” reduced risk off 2 steam generator tube rupture and
possilTer forced outage unTess x program implementation is mandatad. An
examination of the staam generator tube data (7) has ravealed that im all
probabiTity, there is a subset of tubes that would benefit (i.a. not saver)
i they were tg have a stabilizatiom devica installed. If the study part of
the combined altsrnative were to substantiata this, then the second part,
i.a., the implementation phasa would actually result in reduced probability
of a rupturs event. Howaver, it must be recognizad that the study could
fail, 1.a., ta unable to suggest improvement in existing programs.

Study by One Organization

One altsrnative would be for an independent crganization to do the
study for all plants. Efficiency and objectivity should be anhancad, cross
comparison of different plant data would be helpful; use of "axperts* would
be more afficient; and production of an industry wide standard would be
easier.
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8.0 VALUE-IMPACT ANALYSIS FOR "PRIMARY TU SECONDARY
LEAKAGE RATE LIMITS™ REQUIREMENT :

gL SUMMARY*

This secttomr presents. the propesed requirement and the bases for
{ts selectior and summarizes the results of the value-impact analysis.

g.1l.1 Description

This analysis addresses the requirement proposed by NRC (1) that
each licensee shall revise his technical specifications for primary %o
secondary leakage rate limits to be consistent with the latest revision of
the applicable Standard Technical Specifications (STS). Section 3.4.7.2 of
the STS specifies a limit of 1 gpm primary to secondary leakage through all
steam generators not isolated from the reactor coolant system. If primary-
to-secondary leakage rates exceed cne of the specified limits, the leakage
rate must be controlled within four hours or the reactor must be brought %o
hot standby within six hours and to cold shutdown within the following 30
hours. Alsa, when the technical specification leakage rate Timit is
exceeded, Regulatory Gufde 1.82 and the STS require an unscheduled steam
generator inservice inspection (ISI). '

Specifications regarding the sampling and anmalytical program
necessary to measure primary to secondary leakage are not covered in tne STS
surveillance requirements. Rather, it would be the responsibility of each
plant operator to demanstrate and implement the capability for adequate
surveillance.

8.1.2 Need for Action

These STS 1imits are based on two considerations. First, 1 gpm
1imit for 211 steam generators helps ensure that the dosage contribution
from tube leakage will be limited to 2 small fraction of 10 CFR Part 100
1imits in the event of either & steam generator tube rupture (SGTR) or steam
line break. This 1imit {s consistent with the assumptions used in the
analysis of these accidents. Second, the 500 gpd (0.34 gpm) leakage limit

Iv.8-1



‘per- steam generator enhances assurance: that steam generator tube integrity -

is maintained im the event of x mainm staam line break (MSLB). I a
practical sense the: Teakage: rate limits provide x very important indicatiom
of the extstancaorrateof staam genera.tnr tube d?egradat'l om. Experience
has showr that some forms of degradattion camr develop irz perfiod of time
shorter- tharr the: routines inspectior intervals or may be difficult to detect
witircurrenteddy current tachniques. [r the avent that suclh degradation
accurs, thex Teakage rate Timits act to 1 ndicate whewr plant shutdawm, IST,
and correctiver actions should ber takan. From 2 practical standpoint, this
{s perhaps the most {mportant functiomr of the leakage rata limits.

Not all plants are presently required to comply with the STS. In
particular, saveral glder units hava not yet adopted the STS, and thesea
plants may have leakage rata limits higher than thosa specified by the STS.
The proposed action would make leakage rata limits consistant with the STS
for a1l plants. Consistancy with the STS helps ansure that the dosage
contribution from the tube leakage will be limited to a small fraction of 10
CFR 100 1imits in the aevent of aither a tube rupture* or a stzam line bresak,
and that stesam generator tube integrity is mdintained in the avent of an
MSLB or under LOCA conditfons.* In some instancas, however, unique circum-
stances may justify the imposition of either lower or additional restrictive
1imits to provide the same leval of assurance.

8.1.3 Yalues and Impacts

The major valua of the proposed actfon is that it 2nhancas
assurancas of 2 the margin of safety which constitutes the basis for the

*A tube rupture will 1ikaly cause activation of the stzam generator relief
valves and vent secondary water and steam to the anvironment. The
radfotsotope fnventory of the secondary is kept lower with lower laak rate
limits. Howaver, tha effect is not too significant considering that the
sacondary side venting of radiccontaminants is overwhelmed by the avent of

a steam tuybe rupture, no matter what the primary to sacondary laakage
1imits ara.

*Sinca a LOCA decreases the diffarential prassure across a steaam tube during
a LOCA, this affect has to be minor.
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STS by requiring all plants to comply with the most recent revision of

those specifications. This safety value associated with compliance
withc the STS Teakage rate limits consists of -two major components:
(I) A& reductfor ir risk to the pubTic in the event of am accidental
release: of secondary coolant system water; and
(2) The avafdance of & Tengthy unscheduled. reactor cutage which could
result from a steam generator tube: rupture.

The cost impacts of the proposed action on fndustry are minimal
.and  are primarily associated with an increase in required radioanalytical
. procedures. I[n most individual cases, there is no cost impact since
most existing plants are already in compliance either with the STS or
with plant specifications which are equally or more restrictive.

8.2 APPROACH
g8.2.1 Qbjective

This analysis presents a discussion and evaluation of the
fmplications of the proposed action, based on estimated specific values and
impacts to industry and the public.

8.2.2 Scope

This analysis addresses the individual elements which contribute
to the collective value and impact of the proposed action. The e2lements
considered and the major categories to which these elements can be assigned
are listed as follows: '

(1) Cost impacts or savings

Research costs

Labor costs

Aversion of unscheduled outage costs and equipment damage
Aversion of equipment damage and assocfated outage

o 0-0 O
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: (2) ProbabiTity changes

@ Tube rupture rate

it
[

L}

(3) Populatiom radiatiomr exposures

@ Reductior during normal operations:
&  Reductiomw during MSLE: or tuber rupture

(4) Occupational radiation exposures
0 Increase from corrective actt ons

The primary sources of data which wers utilized for this analy-
sis are (1) technical litarature, (2) cognizant NRC staff members, and
(3) utiliity contacts.

8.3 RESULTS OF ANALYSIS

8.3.1 Industry

The values and impacts asscciated with the proposed action will
not ba avenly distributed among the nuclear power {ndustry. Rather, they
will be realized only by tha small fraction of existing PWRs that have not

as yat adopted the STS or equally restrictive limits for primary to
sacondary leakage.

There are two principal values to industry associatad with tha
proposed actfon. The first {s reprasented by the fact that the total
leakage rata limit of 1 gpm helps ensure that the dosage contribution from
the tube leakage will ba limited to a small fraction of 10CFR100 guide-
lines 1in the avent of aithar a staam generator tuba rupture or a staam
1ina break. Tha 1 gpm limit is based on the findings of analysas of
‘assumed tube rupturs or steam line break accident conditions. The demon-
stration of compliance with 10CFR100 dose guidelines is of value from both
a regulatory and public relations point of view. [t is also of valua to
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the industry im general to have technical specifications which are

uniformly applicable. -

The- second major- value concerns the maintendice of tube- integrity
under~ postulated accident conditions.. Extensive testing and analysfs has
indicated that & 0:35 gpm Teak: rate: per- steamr generator corresponds to. 2
through-walT defect of & Tength (about 0.5 in) that would not faiTl under
pressure differentials assocfated with normal operating conditicns (1500
pst), & Toss-of-cooTant-accident (1000 pst), or & main steamr line break
(2575 psi) (Westinghouse Proprietary Report,. 1977). Recent test results
have been obtained which substantiate the previous findings (Westinghouse
Proprietary Report, 1980).

The proposed action also has value to industry in a practical
sense in that leakage rates provide an important indication of the existence
or rate of tube degradation. Experience has shown that some forms of
degradation can develop in a pericd of time shorter than routine inspection
intervals, or may be difficult to detect With current ECT techniques. Ih
the event that such degradation occurs, the lezkage rate 1imits act to
{ndicate when plant shutdown, ISI, and corrective actions should be taken.
From a practical standpoint, this is perhaps the most important function of
the leakage rate limits.

Experience with steam tube ruptures has shown negligible exposure
to the public, Little difference would be observed with steam tube ruptures
during am MSLB, since a-similar depressurization of the primary would be
required, as with any SGTR. Further, the probability of a coincident MSL3
and SGTR is very low and any change in this probability altered leakage
1imit would have a negligible impact. '

The costs assoctated with primary to secondary leakage surveil-
lance requirements are not large. The reason for this lies primarily in the
fact - that all planté have an existing radfochemistry program, and most
plants either already have adequate surveillance or require only minor
modificatien of their program to achieve adequate surveillance. This cost
assessment assumes that adequate fnstrumentation and staff are already
present. Additional costs would result from labor associated with research-
ing, developing, and documenting the revised radiochemical methods and data
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Interpretatiom, and thes actual performance of the sampling and amalytical
procedures. - , :

Primary to secondary leakage: is qusnt‘ltati aly eqi:imated by radioe
chemtcal analysis of* secundary coalant system: watar- sampled from steam
generator- biowdowm. In- additiom;, the Teakage rate: through steam generator
tubes cam ber continuousTy monttored by the radtatfor alarm of the condenser
- efector.. This alarwr provides ar early indication o x tube Teak by
detecting noncondensible radicactive gases transported by the RCS Tiquid
throughr the Teaking tube: inta the secondary systam. A survey of 5 plants
(1@ units) revezled that x variety of methods are used by operators to
estimate primary to secondary leakage. These matheds are summarizad in
Table 8-1.

In principle, any substanca that is volatile in the sacondary sids
of the steam generator and is condensed in the condenser may be used to
measure the primary to secondary leak rate. Tritium analysis uysually
provides the best sensitivity, although early in plant 1life, when the
trittum concentration in the primary system is less than 0.01 uCi/g, Na-24
or F-183 analysas may provide more sensitive indicatfons of leakage. An
estimate of the cost impact resulting from the surveillanca requirements
associated with the proposed action is given in Tahle 8-2,

8.3.1.1 Reduction in Frequency of Tube Rupturs

Presently the obsarved tube rupture ratio for all PWRs is 0.015
per reactor year., The adoption of STS has the possibility of reducing this
overall probability. It is sstimated that raduction of the rupturs fre-
quency {3 15% or a maximum reduction of approximately .002 per year, sinca
reduction actually appiies only to those plants without STS.

8.3.1.2 Radiolegical Exposurs

Implementation of STS for primary to secondary leakage will rasult
fn a negligidble incremental occupational dosa. However, the avoided occupa-
tional dosa associated with avoidanca of tubs rupturs is approximatalyl
man-rem/year or 20 manerem over 24 years. This avoid dose applies only to
plants without STS. :
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Table 8-1.

No. Units

Procedure

Frequency

sample of Methods for Assessing Primary to Secondary leakage,

Remarks

K]

Measure secondary H-3
activity and relate to
primary H-3 activity.

Measure gross B-y activity
in secondary, If activity
greater than threshold,
perform analysis fop spec-
ific isotope (usvally
Na-24).

Measure dose equivalent
1-13) in secondary and
relate to primary DE §-131
activity.

Measure Xe-133, -135 from
alr ejector and rejeate to
primary activity.

Measure secondary H-3
activity and relate to
primary H-3 activity.

Continuous

can detect about & éPq

leak,

0.00) gpm detection
Himit M !

Confirmatory measwrements
on Xenap in eendenser aiy
eJECtorq '
it
Confirmatory measurements
on PE J-131.
X

Confirmatary measurements

on Xenop in condepser aiy
ejector. LR




Table 8-2. Costs of Implementing 2 Primary to Secondary Leakage Rata:
Monitoring Program for & PWR

-
-

Cost: [temr Labor~ . Matértals
Ones Timer Costs®
Resaarchr (develom and $2,000

document Teakage:
assessment prodedures)

Recurring Cost;I? .
Sampling and Analysis $30,000/yr $1,000/yr

Prasent Worth Costs
" Qver Remaining 24 Yaars
PTant Lifa $1.3 millfon Total

dAssumes that radiochemical procedures for analysis of tracers is already in
effect,

8ased on time required for daily sampling and analysis for tritium

(estimated from BiW Radiochemistry Manual, B&W 1410, T. L. McDaniel, Zd.,
1975).
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£.3.1.3 Cost o -

The cost required to implement’STS is negligible. The estimate of
avatd costs 1< Tess tham .05M;. Tess than .IM, and 1M per year for a 30, 60
or 9@ day forced: cutage to repair steam 2 generator tube rupture. The
cumuTative cost estimate gver 24 years is SM;. L.4M, and 2.0M. This avoided
cost appTies onTy to plants without STS.

g.3.2 The: Puhlic

The intended value of the proposed action is that is minimizes
both the 1ikelihcod and magnitude of offsite doses by minimizing
the probability of a tube rupture and by limiting the transpert of radio-
active primary coolant into the secondary system. The magnitude of the
realized value, in the form of reduced risk to the public, is highly
dependent upon site-specific and reactor-specific factors. It is assumed
that a maximum reduction in public risk of 15 percent can be achieved
through this mechanism. The reduction in public risk 1is approximately $S
per year for cleanup of core-melt, with a public dose reduction of approxi-
mately .008 man-rem.

8.3.3 Implementation Plan

The requirement to submit proposed changes to their technical
specifications to conform with the STS within 120 days of final publication
of this requirement poses no undue hardships to the utilities. ’
8.3.4 Alternatives

There is no direct alternative analogue of leakage limits.
However, all the other preventive or diagnostic/preventive actions suggested
can achieve the same goal.
8.4 REFERENCE

1. T. A. Ippolitc (NRC) to G. C. Lainas (NRC), *Forthcomimg Meeting

with Steam Generator Owners Group Proposed Generic Requirements,”
July 22, 1982.
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8.0 VALUE-IMPACT ANALYSIS FOR “STANDARD TECHNICAL SPECIFICATION
LIMIT FOR COOLANT IODINE ACTIWITY® REQUIREMENT

-
-
-

gL SUMMARY

This sectfom statas the: proposed requirement and: the bases for its
salection and summarizes the results of the value-impact analysis.

g.l.1 Description

This analysis addresses the requirement proposed by NRC(1) that
all PWRs that have technical specifications which differ from the ST9 in

coolant iodine 1imits or surveillance requirements should incorporate the
STS requirements.

_ There are two distinct technical specifications which limit cool-
ant activity. These are limits for dose equivalent DEI-131 and 1limits
for gross gamma-activity of non-icdine activity (designated by E) in the
coolant. The specific activity of the primary coolant is limited to
less than or equal to 1.0 uCi/g OE I-131, and less than or equal to 100/%
uCi/g. The STS also allow for fodine spiking, which is 2 phenomenon
which usually occurs following changes in thermal power. The allowable
fodine spiking 1imit as a function of percent of rated thermal power is
depicted in Figure 9-1. With the specific activity of the primary coolant
greater than 1.0 uCi/g 0E I-131, but within the allowable spiking limit
shown in Figure 9-1, operation may continue for up to 48 hours. However,
the cumulative cperating time under these circumstances cannot exceed 800
hours in any consecutive 12-month period. 1f the 1.0 uCi/g limit is
exceeded continucusly for more than 48 hours or if the spiking 1imit is
exceeded, the reactor must be brought to hot standby within six hours.

The {odine activity limit for secondary coolant is O.l uCi/g OE
1-131. If the specific activity of the secondary coolant exceeds this
1imit, the plant must be brought to hot standby within six hours, and to
cold shutdown within the following 30 hours.
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that {sotopic analysis for- OE [-131 concentration be performed once per 14
days. [m additiom, isotopic analysis for fodime;, fncluding I-131, [-133,
and [-135, {is: required once perfour- hours whenever the specific activity
exceeds LO uCf/g OE [-13L or 1007E uCi/g; and once betweemw two and  six
hours folTowing a: thermal power- change exceeding: 15 percent of the rated
thermal power withim = one-hour-pericd. Secondary coclant must be sampled
and: analyzed for-OE [-131 once:per 3T days, whenever the gross activity
determination {ndicates iodine concentration greater than 10 percent of the
alTowable Timit, or once per six months, whenever the gross activity deter-
mination indicates fodine concentration below 10 percent of the 2llowable
1fmit.

High coolant {odine levels are caused either by fuel cladding
failures or by the existence of tramp uranium on the cladding. The ratio of
I-131 o I-133 coolant activity can be used to determine the source of
fission products in the primary coolant.

In addition, for the reasons cited below, it is recommended that
plants which have Tow-head HPSI pumps and which do not have fodine 1imits
equal to STS limits be required to implement a reduced iodine technical
specification 1imit of 0.2 uCi/g dose equivalent I-13l.

g.1.2 Need for Action

As stated in NUREG-0916, during the Ginna SGTR event, the amount
of primary to secondary leakage and the total amount of water and steam
released to the environment were larger than would normally be predicted
because of valve malfunctions and operator actionms.

The NRC staff has determined that the potential exists for doses
to the population to exceed 10CFR100 guidelines from a design basis S3TR
accident, but only in the event of 2 ve%y unlikely, but not impossible, set
of circumstances. Specifically, the following conditions must exist: pri-
mary coolant {odine concentraticn at the STS specific activity spiking limit
of 60 uCi/g dose equivalent I-131, maximum flow rate through & double-ended
tube rupture, flow through the tube rupture prolonged for two or more hours,
filling of the steam generator and steam line of the affected steam genera-

{
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tor;. refeases of a gas-watar mixture through the affectsd steam generator .
safety or atmospheric dump/relief valves, and conservative dispersfom fac-
tors. The actual radfolegical consequences™gf the Ginna SGTR accident wers
nat severe becausa the: reactor- csalant fodine spec'lf‘h: activity was very low
(0.05Z" uCl/g doser equivalentz [-13I,. or about: Z percent of the plant techni-
cal specificattor Timit), and: because the existing meteorslogical conditiens

were far- marer faveorable that the: conservative assumptions used im prior
- analyses.

However, alevemr PUR's do not have any specific limits on
radioiodine, but do have 1imits on total gamma activity. Whila the total
primary coalant activity might remain substantially beleow tha total activity
technical specification shutdown value, the actual radiofodine levels could
be vary high. Furthermore, jodine spiking must be accomodatad, but
controlled,and surveillance to assure coamplianca is necassary.

The Standard Technical Specifications incorporate dosa equivalant
fadine concentration limits for all the PWR vendors wh1ch (1) incorporatz
suitably conservative limits, (2) accommodatas, but control spiking of

fodina, and (3) incorporata adequata surveillance for both primary and
secondary coolants.

The primary purpose of the STS limits for dosa equivalent [-131
coolant specific activity 1{s to assure that, in all likelihood, 1OCFR1CO
guidelines are not axceeded 1{n the event of a design basis SGTR accident.

A reduced coolant fodine limit of 0.2 uCi/g is required for car-
tain plants in order to provide the same margin of assurance as the STS
1imits. The basis for this more stringent requirement l1ies {n thae fact
that some plants have low-haad HPSI pumps (e.9., 1400 to 1500 psig shutoff
head centrifugal pumps) which have more difficulty in responding to an SGTR
avent than plaats with high-head HPSI pumps (e.g., 2500 psig shutoff haad
cantrifuygal pumps). As 3 rasult of the 1imited maka-up rate of low-head
pumps at high pressure, the small LOCA fnducad by the SGTR avent may
result in a continuing net loss of coolant from the RCS. The RCS thus
remains at high pressure and the void fraction (i.a., the fraction of staam
#ith respect to water in the primary systam) continues to fncrease as cool-
ant inventory decreases. For this reason, it has besn recommended that the
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reactor cooTant pumps (RCPs) be tripped to prevent core: uncovery during the
accident (NURES-0623). Tripping the: RCPs reduces the rate of leakage from
the RCPs since this alTows only: steam, &< opposed: to 2 steam-water mixture,
to be discharged through the- tube rupture. However, without the RCPs run-
ning; the pressure m the: RCS: remzins nigh longer (e.g., normal pressurizer
spray is not operable: wher the RCPs are secured) and. the total Teoss aof
coatant from the SETR event is greater tham if the RCPs were not tripped.
Once: the pressure: s reduced, the leakage: from the RCS inta the steam
generator wilT stop.

Plants with low-head HPSI pumps cannot assure that core uncovery
will not occur in the intial response phase following an SGTR, and thus
require RCP trip. In plants with high-head HPSI pumps, the potential for
core uncovery is not of great concern, and the RCPs can remain running and
allow for a more rapid depressurization of ‘the RCS, which minimizes the
total coolant inventory loss. Plants with low-head HPSI pumps, thus, have a
potential for much greater coolant inventory loss to the environment in such
sequences. Analyses performed by the NRC staff indicated that in such
conditions where steam generator overfill occurs, with an attendant
release to the environment of 200,000 1b of coolant (as water and steam)
at one-half of the spiking iodine activity limit of 60 uCi/g, excessive
offsite doses could result. The reduced coolant fodine limit of 0.2
uCt/g specified for plants in which such events may occur (i.e., plants with
low-head HPST pumps) is consistent with the coolant activity limits required
to keep resuItant offsite doses to within acceptable levels.

-

9.1.3 Summary of Values and Impacts

The major value of the proposed action is that it assures the
margin of safety which constitutes the basis for the STS coolant icdine
1imit by requiring all PWR plants to incorporate either the STS cr more
stringent limits. The safety value associated with STS or other limit
compliance is realized in the form of 2 reduction in risk to the
public in the event of an SGTR accident even though this risk is
extremely low for SGTR events, on the order of 10-7 probability with only
0.5 man-rem public risk per reactor year.

Iv.8-5



-

The: cost impacts of ther propesed acticm om industry will be borne .
by the elever PURs whichr currently do not have tachnical specifications for
cocalant fodine activity, two: which have less. rastrictive limits, and four
PWRs whicr currently da not have survedilTance progeams that meat the STS.
The impact omr plants having current iodine coolant=activity levels
greater- thamr SIS values could be substantial, {m some cases requiring
parttal replacement off the corer. Howevers, all units whichr would be impacted
by this requirement appear ta currently be within the limits. [n addition,
there are minor cost impacts assoctated with expand ed surveillance programs
of about $0.4 miTlionm i presant worth.

9.2 APPROACH
g.2.1 Objective

This analysis presants a discussion and avaluation of the
implications of tha proposed action, and arrives at a conclusion as to
whether or not justificaticnm exists for the proposed action to be undertaken
a3 recommended. Specific values and impacts to industry and the public
must be identified, and existing data required to quantitatively support
estimatas for these values and impacts are gathered. The primary sourcss
of data utilized for this analysis are: (1) technical [literature, (2)
cognizant NRC staff members, and (3) utility contacts. '

3.2.2 Scope

This analysis addresses the individual 2laments which contrigute
to the collective value and impact of the proposed action. The 2isments

considered and the major catagorias to which thase alaments can be assigned
ara listed as follows:

(1) Cost impacts or savings

Labor ~osts

Equipment costs

Fuel replacement costs
Unscheduled ocutage costs

o 0o O o
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(2) Population radfatiom exposure _ ;

c REduc:ﬂon'from:SGTK.initﬂate¢-accidant54(1nc1udinq the
probability of exceeding 10CFR100 dose: guidelines)

¢ Reductionm from replacement of Teaking: fuel

(3) Occupational radiatiom exposures

4 4 Increase from surveillance requirements
] Increase from renlacement of leaking fuel
0 Reduction from reduced coclant activity

9.3 RESULTS OF ANALYSIS

§.3.1  Industry

The values and impacts associated with the proposed action will
not be evenly distributed among the nuclear power industry. Rather, they
~will be realized only by PWR plants falling into either of the following
categories: (1) plants which have high-head HPSI pumps and which have not
yet adopted the STS fodine coclant 1imits, or (2) plants which have low-head
HPST pumps and which do not have coslant iodine limits as restrictive as S7S
1imits. At the present time, approximately 11 plants do not have fodine
coolant limits, two plants have limits which are lTess restrictive than STS
1imits, and four plants do not have adequate surveillance programs. Twe of
these plants currently do not have specifications for coolant iodine
activity and would be affected by the proposed 0.2 uCi/g limit.

Values

The major>Va1ue of the proposed action is represented by the fact
that the affected plant will be able to demonstrate compliance with
10CFR100 with respect to design basis SGTR accidents. Compliance with STS
coolant iodine limits (or, in the case of certain plants, reduced ccolant
fodine 1imits) assures that Part 100 dose guidelines will not be
exceeded, and the demonstration of compliance with Federal standards

Iv.8-7

1



is valuable to the plant from hottr a ragulatory and pubTicrelations -
paint of view. :

There {s no value to averted oc:?.zpat‘l onal eprsure dua to tha
Tower fodine: Timits.. Most exposure rates around primary of secondary system
components are due tx grass beta-gqamma activity of the csolant, past
depastition of fisstor and corrosion products,. ate.

{mpacts

The impact of the proposad action on industry consists of two
major components:

(1) Increased costs associatad with potential fuel renlacament,
unscheduled outages, or increased surveillanca requirements.

(2) Increasad cccupational radiation axposures associatad with
potential fuel replacement or increased surveillanca requiraments.

Sinca high coolant 1{odine levels aras indicative of fafled or
contaminated fuel cladding, prolonged or repeatad oparation abova STS
Timits could rasult in the need to replace defective fual in order to
remain within the I1imiting condition for operation. The fraction of the
core raquiring replacement would vary on the mature, axtent, and distri-
bution of the fual defact, the past history of fuel performance, the
ability of the operator to - charactarize or f{solata the defact, and other
factors. Additional costs would ba {incurred by the purchases of
replacament power during the forced outage.

Sinca four plants do not have adegquata survaillanca requirements,
thesea plants will f{ncur the costs associated with the development,
documentation, and implementation of the procadure necassary to adaquataly
demonstrata compliance., An estimata of the costs associatad with coolant

fodine monitering, as well as the accompanying licensa amendment costs, are
presented in Table 9-1.

A small increasa in occupational radiation exposurs will probably
result from increased primary coolant sampling and handling in plants which
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Table 9-1. Costs Associated with Coolant lodine Monitoring

Labor Other fetal
Cost ltem professiona\(l) Techniclan(l) Cost Casts Costs
One-Time Costs(z)
\
Research (develop and document
assessment procedures for dose-
equivalent 1-131) 40 hours - $ 2,000 - $2,000
Recurring Costs
it
Sampling and analysis(4:5) - 595 hr/yr  $23,000 - $23,800
Supplies, reagents, waste »
disposal, etc. - - - $1,000 1,000
R
Total - 595 hr/yr  $23,800  $1,000  §24,800/yr




must upgrade their survéﬂTance programs. These: exposures. can be held to .

minimal Tevels by proper application of ALARA techniques, and should not
constityte a source of significant impact. Howaver, a significant increasas
i occupaticnal exposurss: may result from fual yeplacement operations
dictatad: by compliance: witir reduced coalant iodine 1imits. =The unloadi ng of
ar entire core,. removal of the fuel to the spent fuel storager area, and the
refgading of the corer cam ber axpectad ta result i a dosa range o about 25
persomr-reme  (NURES/CR-1535) to &0 persomeremr (AIF). This range can be
considered an upper- Timit of the occupational axposures that may resylt from
the: replacement of defective fuel for purposes of STS complianca.

The pessibility of implamenting this proposad requirament and
having cne or mora plants be ynabla to operate within the limits is saen
above as the major fmpact, both in cast and axposure. The units which would
be implementing this requirement wers investigatad for thair prasant fodine
concentrations ta see {f they were within the proposed limits. A talephone
survey (2) was conducted with the results as shown in Tabla 9-2.

A1l plants were found to be operating within the proposed limits,
with the exception of two plants (which would implement the 100% fodine STS)
for which ddta was unavailable. Assuming thesa other two plants ars found
to be within the Timits, the potantial major impacts on cost and axposura
due to fual replacement are found not to apply.

9.3.2 The Publie

The intended value of the proposed action is that it assures that
10CFR100 thyroid dosa gquidelines will not be exceeded in the avent of a
design basis SGTR by limiting the total amount of coolant iodine activity
availabla for ralease to the environment. The proposed actfon may also
reduca offsita dosas associatad with normal plant operation by limiting the
amount of coolant activity availabls for releasa in routine affluents.
Howaver, this benefit is of only minor significanca sinca the ovarall

releasa to the public by 2 SGTR leading to cor2 melt is 0.5 maneram per
reactor year.
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TabTe S-Z Present Status (09/03/82) of Several Units Which
Would: Impiement the [odine Requirement (2)

100% of STS

Kewaune 1
Kewaune 2
Kewaune 3
Occnea 1
Oconee 2
Ocones 3
™I 1l&2
Haddan Neck

‘Rancho Seco

20% of STS

Point Beach
Indtan Point 2

-
-

Measured Value

Z.7 x 10-2 uc/g Gross
2.2 x 10-2 uc/g Gross

1 x 10-2
0.24
0.45
0.16
(Shut)
No Data
No Data

0.37
0.21

uc/g Gross
uc/g Gross
uc/g Gross
uc/g Gross

. Pt 4 Pq 4
]

uc/g Gross [
uc/g 131 & 133

Iv.8-11

DET-131 Value

Limit 1.0 uc/g

Neg
Neg
Neg

Order _10-1 uc/g

Order _10-1 uc/g
Order _10-1 uc/g

Limit 0.2 uc/g

0.1 uc/g
_.2 uc/g



9.3.4 ImpTementatiom Plamr

The: implementatiom plar statas thag within 60 days of {ssuance
of the proposed requirement ta Ticensees, a3l PWR 1licansaes not
presently using the STS for- primary- and. secondary coolant fodine activity
and: surveflTance thereof shall be required to adopt and: implement the STS
values and s notify thee staff. Eachr PWR Ticensee will be requestad
tx submit;,. within 9@ dayss of fssuance of this requirement ta licen=-
sees, z request for- changes to the tachnical specifications as
required ta implement this regquirement. Subsaquently, raquests for
modificatiomr of the STS to f{ncorporata plant specific information
will be considered by the NRC staff, {f such raquests are suitably
Justified. Applicants for an operating license will be raquirsd to commit
ta the STS for coolant {odine as part of the licensing procass.

No specific impacts due to this schedula are forasaan, unlass
fodine 1imits cannot be met by a given plant. At that junctura it would
probably be affective ta dalay implementation of tha requiremeat until the
scheduled fuel chanée.

9.3.3 Alternatives
The only reasonable altarnatives to the proposed action ara:

(1) Maintenanca of the status quo.
(2) Impesition of totally uniferm STS limits, or
(3) Imposition of lass restrictive STS limits.

Alternative 1 is unacceptable because there ara no valid basas for
the exlcusion of coolant iodina 1imits from a PWR's tachnical
specifications, as 1{s currently the situation for alavent PWRs. In
addition, the existenca of inadequata surveillanca programs, such as these
that currently exist at four plants, cannot be justifiad on tachnical
grounds. '

The 1imposition of uniform STS limits is not a tachnically sound

alternative for the reasons discyssed above with respect to PWRs with low-
head HPSI pumps.
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The impositionr of Tess restrjct‘!ve coclant jodine limits is not
justifiable- since: analyses have indicated”that the probability of exceeding
10CFR100 dose guidelines during: OBA conditions. is. unaceaptably high.

g.& REFERENCES.

 I. T.Ippclite to €. Lainas, NRC, Memorandum,. sForthcoming Meeting with
Steamr Generator Owners Group - Proposed Steam Generator Generic
Requirements*, July 22, 1982.

2. Telecon with F, Akstulewicz, NRC, September 3, 1982.

IV .§-13



L4

- 10.0 VALUE-IMPACT ANALYSIS OF *A- STUDY OF REACTOR COOLANT SYSTEM
PRESSURE CONTROL DURING A STEAM GENERATOR
TUBE RUPTURE (SGTR)® REQUIREMENT :

23
e

10.I  SUMUARY

This section describes: the proposed requirement and its basis for
saTection and summarizes the results of the value-impact analysis.

10.1.1  Description

This analysis addresses the requirement propesed by NRC that
licensees/vendors should conduct & study to determine the optimal means of
controlling and reducing reactor coolant system pressure during and
following a steam generator tube rupture with emphasis on existing plant
systems and equipment. The spectrum of possible initial conditions, reactor
coolant system-(RCS) thermal-hydraulic conditions and break sizes should be
considered. The use of the pressurizer auxiliary system should be
explicitly examined since its use may eliminate the necessity to use the
" pressurizer power-operated relief valve (PORV) 1n cases where forced RCS
flow has besn lost. The study should address the following objectives:

1. Minimizing the primary to secondary leakage through the broken
steam generator tube;

2. Maximizing control over system pressure;

3. Minimizing the chances of producing voids in the RCS, and other
complicating effects.

Based on the results of the study, licensees should be able to optimize

pressure control procedures, techniques, and systems considering an SGTR
with or without offsite power.
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T10.1.Z  Need for Action -

Wtthout forced reactor coalant flow, which may.cccur due to re=-
actor coslant pump (RCP) trip o as x result of 2 loss of offsite power, tha
necessary RCS depressurizution following am SGTR is more difficult because
of the Tass of normal prassurizsrspray. RCS FTuid contractiom caused by
the cooldown froms the dumptng of secondarveside steam to afther the maim
condenser- or~ t thee atmosphere;, wilT result i some reductiom im RCS pres-
sure but other~ measures must be taken ta expediticusly reduce the RCS
pressure to the paint where primary coglant flow ints the damaged staam
generator stops. The pressurizer PCRV was used during the Ginna and Prairie
Island SGTR avents to reduca RCS prassure. However, control of RCS prassure
1s difficult with the PORY sinca its usa creatas an additional loss of
ccalant. Tha decresase in RCS pressure can ba so rapid that steam voids may
be formed in tha reactor vessel upper head, and in the tap of the staam
genarator U-tubes and further complicats the RCS deprassurization. Void
formation can lead to concerns regarding core cooling. The Ginna operators
waerg sufficiently concerned that thay laft the safaety injection pumps
operating, thersby overfilling tha staam generator via primary-to-secondary
leakage through the ruptured tube. The rasulting sacondary-side prassurs
transient caused the main steam safaty valves to 1ift, releasing radioactive
matartal directly to the atmosphere. It is not apparent that the auxiliary
spray from the charging system could have successfully lower RCS pressure to
the point where primary coolant flow into the steam generators is stopped.
[t may have been that, by spraying cold charging fluid into the pressurizer,
the dacrease in pressure would have resulted in void formation, thus 2x-
panding the RCS fluid volume, fi1l1ing the pressurizer, and rendering further
spray flow ineffective. This phenomena shou.d be examined as well as the
thermal stresses on the spray nozzle itself.

10.1.3 Summary of Values and Impacts

The major valua of the proposad action is that ft could ansure
‘that the licansee has {mplementad acceptable proceduras for meating the
criteria for optimizing control of reactor coolant pressure to minimiza
primary to secondary leakags following an SGTR. With these procedures in
place, the potential for overfilling a steam generator and the quantity of
radioactive material released directly ts the atmosphers following an SGTR
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‘shauld be reduced. The major impacts are the costs of performing the -
required study and implementing the findings of the study. The cost of
evaluating and.ccmparing:the:1nd1v1duatfetudies‘jpresumab1y by the NRC) is
another impact. N

.
-

10.Z APPROACH:
16.Z.L Objective

The objective of this value-impact analysis is to make some pre-
liminary estimate of the values and impacts of conducting a2 study and imple-
menting findings regarding optimization of RCS pressure control following an
SGTR event.

10.2.2 Scope

The values and impacts identified below are evaluated with respect
to costs, risk reduction and cccupational exposure. As with all “study"
type actions, its value depends on whether or not: (1) the results of the
study will point to a valid improved course of action, and (2) such action
will be implemented.

Values
a. Verifies that all PWR plants ‘can mest the applicable critaria for
terminating leakage from the RCS into the steam generators
following an SGIR.
1. Reduces probability of averfilling the steam generators
2. Reduces potential offsite radiological consequences on an

SGTR.

b. Reduces secondary ccolant system cleanup requirements following an
SGTR. ‘ ’

1. Reduces amount of primary coolant leakage into secondary
‘ coolant system.
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: Z. Reduces volume of radicactive wasta generated by cleanup .

activities _ ;
3. Reducas occupatiomal exposure asscchtgd with cleaanup

Z. Costoff study
B.. Cost off impTementatiomr

10.3 RESULTS OF ANALYSIS
10.3.1 Industry

Yalues

The analysis of an STGR avaent is included in the FSAR of PWR
plants, and 1s based on certain assumptfons, including the time following an
SGTR by which primary-ts-secondary leakage can be stopped. The documenation
of the optimized approach for post-SETR RCS prassure control will verify
that a capability consistent with the FSAR assumptions exists and that it

raflects the latast lessons learned from the Ginna and Prairie Island SGTR
events.

As described in the paragraph above, the optimziad approach for
RCS pressurs control cam reduca the volume of primary coolant which leaks
into the secondary coolant system following an SGTR. Approximataly 300,0C0
pounds of water flowed from the RCS into the *B* steam generator during the
Ginna SGTR avent (2). In the secondary coolant system, primary cocolant is a
contaminant which must be removed. The claanup procass will generata ligquid
and solid wasta which may requirs further procassing or proper disposal.

The plant warkar population dosa from the Ginna SGTR event was
estimated to be 0.5 person-rem (2). Cleanup activitiss only account for a
portion of this total dose, therefore, occupational axposure savings of lass
than 0.5 person-ram per SGTR avent would ba anticipatad as a rasult of
impiementing the proposed action.
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Impacts : s

The cost: of the study is 1ikely to be highly variable, depending
ofr the: present capabiTity for RCS pressure controf following: an SGTR and the
incremental {mprovement required. As aminimum;. the - study may: require
revfew and: documentattion of how existing systems: and procedures already
arovide the requisite capability. This type of study would Ti kely have a
cost o the erder-of x $10,000. to $30,000. In other plants, the study may
require thermaT-hydraulic modeling of the primary and secondary coolant
systems as well as detailed stress analysis of selected components such as
the pressurizer auxiTiary spray nozzle. A study in this depth, and the
development of am optimized approach for RCS pressure control could cost on
the order of $100,000 or more.

The cost of implementing an optimized approach for RCS pressure
control s likely to be highly variable, depending on the adequacy of the
present RCS pressure control capability and the differences between the
present and the optimized approach. The cost associated with implementing
an optimized approach for RCS pressure control is not presently
quantifiable, but may include some or a1l of the following items of cost:

] Developing, validating, and implementing new emergency procedures.
] Training plant operators.

] Replacing equipment or upgrading equipment gqualification if
existing equipment must be operated outside of the conditions for
which it was originally designed and qualified.’ ‘

10.3.2 Public

With the optimized approach for RCS pressure control, risk
associated with an SGTR may be reduced by reducing the potential
radiological consequences. As reported in NUREG-QS16 (3) the NRC staff
estimated that the maximum-exposed offsite individual could have received 2
thyroid dose of less than § millirems and a whole body dose of 0.5 millirem
from the Ginna SGTR event. In additicn, the whole-body population dose
within a 50 mile radfus of the plant was estimated to be less than 0.1
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persan-rem.. Witlr optimized RCS pressure control,. populatfom dosa savings up -
tx this amount may be realized for- SGIR avents. As noted i NURES-0915, the
risk from exposure ta radicactive matertals released frqm Ginna was low
campared ta many cther- types of risk,. and the radiati on-relatad risk is
based o conservativer assumptions.- Risk to real individudls fromr exposure
ta radtioactive matertals fallowing the: Ginna SGTR avent was judge& ta ba
Tnstgniffcant (3).

Theres i some: probability that improved means of controlling RCS
pressure during steam generator tube rupture could pravent a. core melt-down.
As ar upper Timit, 1t 1s estimatad that tan percant of potential corae melts
could be pravented through optimized pressure control techniques. Further,
it is presumed that theses studies will resylt in implementation of an opti-
mized program in thirty percant of the cases, so that roughly 3 percent of
patantial core melts can maximally be praventad by this program.

10.3.3 _Implementation Plan

These basic requirements assume that optimized usa of axisting
equipment will provide adequata RCS pressure control follewing an SGTR. If
the results of the licansee/vendor study indicatas that the requirad
capability cannct be provided by existing equipment, an altarnate plan for
implementation will have to be daveloped.

10.3.4 Altarnativas

RCS Pressurae Control Training Approach .

Since procadures are in placa at operating reactors for
controlling RCS pressure under normal and emergency conditions, and sinca
operators are trained thereon, an upgrada of training procedures for pras-

sure control for reactor operators could be as effective as the study pro-
posed.

Study by Indesendent Organization

Ra?her than have each utility do its own study, 2 study of RCS
pressure control options of all plants by a single, independent organization
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{5 am alternative. Efficiency and objectivity should be enhanced; cross
comparison of different plants would be- available; use of “experts™ would be
more efficient; determinatiom of the nead for am {ndustry-wide upgrade of
the: procedures would: be available. =

10.4 REFERENCES

1. T. Ippalitc (NRC) to G. C. Lainas (NRC), “Forthcoming Meeting With
Steamr Generators Owners Group - Proposed Generic Requirements,”
July 22, 1982.

2. NUREG-0909, *NRC Report on the January 25, 1982 Steam Generator
Tube Rupture at R, €. Ginna Nuclear Power Plant,” U. S. Nuclear
Regulatory Commission, April 1982.

3. NUREG-0916, "Safety Evaluation Report Related to the Restart of R.

€. Ginna Nuclear Power Plant;" U. S. Nuclear Regulatory Commis=-
sion, May 1882

Iv.10-7



11.0 VALUE-IMPACT ANALYSIS OF "SAFETY INJECTION (SI) g
SIGNAL RESET™ REQUIREMENT

-

i

. SUMMARY'

Thic section states the proposed requirement, the basig for its
seTectfor and the results of the vaTue-impact analysis.

11.1.1 Description

This analysis addresses the regquirement proposed by NRC (1) that
control logic associated with safety-related equipment should be reviewed
to minimize the potential loss of safety function associated with SI
Reset. For example, automatic actions such as the switchover of safety
injection (SI) pump suction from the boric acid storage tank (BAST) to the
refueling water storage tanks (RWST) should be evaluated with respect to
whether the switchover should be made on the basis of low BAST level,
without considerations of the condition of the Sl signal.

11.1.2 Need for Action

In the Ginna design (1) (2), emptying of BAST following reset of
the SI signal can cause 1less of all SI pumps due to cavitation if
rapid manual actions are not taken. This is because the SI pump
suction 1is designed to shift automatically on 1ow BAST level from the SBAST
to the RWST only if the SI signal has not been reset (e.g., SI signal
sti11 present). The Ginna SI system is shown in Figure 11-1 (from
Reference 1). This particular SI system configuration is believed to be
found only at 2-loop Westinghouse plants (e.g., Kewaunee, Ginna, Prairie
Island 1 and 2, and Point Beach 1 and 2) and at Indian Point 2.

An improved design may be achieved if automatic transfer from the
BAST to the RWST is provided on low BAST level under all operating condi-
tions. This is a desirable feature since, in the event of a steam generator
tube rupture (SGTR), the level of the BAST may not drop to the low level
switchover setpoint for 20 to 30 minutes during which time the operators are
precluded by procedures from resetting §I. SI must be reset before CI
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(containment {soTation) cam be: reset. Resetting.CL allows operation of

equipment and. systems. that cam aid imr mitigating: the: consequences of a steam
generator tube rupture. I particular, resetting CI would permit the opera-
tors to reestablish instrument air for the operaf‘l on of-air-operated valves
assoctated with the folTowing: functions: :

CVCS: Tetdown ‘
Normral pressurizer spray
AuxfTiary pressurizer spray
Normal charging

Auxilfary charging

Reactor coolant pump seal return (to Cves)

Pressurizer power-operated reldef valves (these valves have a
backup nitrogen system)

ocooo0oaaf A

11.1.3 Summary of Values and Impacts

‘The major value of the proposed action is that it reduces the risk
associated with am SGTR. Failure of the SI pumps due to cavitation or
airbinding 1is a common-mede effect that could cause 2 loss of the high-
pressure coclant {nventory control function and could result in increased
consequences of an SGTR. The cost of implementing the modification
indicated necessary by the proposed review is the major impact. No
negative impacts on overall plant performance have been identified.

11.2 APPROACH
11.2.1 Objectives

The objective of this analysis 1is to make some preliininary
estimate of the values and impacts related to the requirement to review the
control logic associated with safety-related eguipment to minimize the loss
of safety function associated with S] Reset and the implementation of
improved designs and modifications.
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11.Z.Z  Scope .

For- eacir of the potential impacts and values identified balaw,
quantitative and qualitative informatiom {s used ta essess the cverall merit
of the: requirements. *

Yalues
a Reduces risk from SGTR

=  Reduces: probability of SI pump failure due to cavitation or
airbinding

- Reduces probability of loss of high-prassura r2actor coolant
inventory control function

- Reduces probability of more savere radiological consaquencas
as a2 result of loss of safaty function

) Reduces the potential complexity of plant rasponsa following a
SGTR

- Reducss- or aliminataes operator actions needed to protact SI
pumps- against cavitatiom

=  Reduces probability of loss of high-pressura reactor coolant
fnventory control function

Impacts
0 Cost of valve control modifications.

0 Cost to public for implementation of proposed acticn, in tarms of
higher utility rates.
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11.3  RESULTS AND. ANALYSIS : -

it

11.3.1  Industry

"

(1}

VaTue
¢ Reduces risk from SGIR

In the scenaric described im Sectiom I.B, it appears possible for
a combination of normal manual and automatic system responses following an
SGTR to cause a system alignment that results in cavitation and airbinding
of the SI pumps in some PWR plants. Safety-related pumps are not normally
designed for extended aoperation in 2 cavitating or air-bound stats. In
fact, 1t has been recognized that loss of suction in cmparable auxiliary
feadwater pumps may lead to pump damage "in a short period of time, possibly
too short for the operators to take actions that would protect the pumps"”
(3). Conservatively, it should be assumed that the SI pumps will be damaged
and will fail with a probability of 1.0 if system alignment results in
cavitation. The proposed action reduces the probability that such an
alignment of the SI system will occur.

During response to an SGIR, it is possible that all SI pumps will
be operating. As can be saen {n Figure 1l1-1, these pumps may share a common
suction path. Loss of pump suction may therefore result in a common-mode,
cavitation-induced fatlure of all SI pumps. This in turn may result in 2
loss or a significant reduction of the high-pressure reactor coolant inven-
tory control capability in some plants. A1l of the plants listed in Section
1.8 have an ST system and a lower-capacity charging system that could pro-
vide a 1imited high-pressure reactor coolant inventory control capability
following failure of the SI system. Adequacy of this capability should be
assessed on an individual plant basis.

Loss of the high-pressure reactor coolant inventory control
function following an SGTR could lead to radiological consequences more
severe than those observed following the Ginna SGTR event. The specific
event sequences related to this loss of safetly function, and the potential
consequences should be assessed on an individual plant basis. Note that the
radiological consequences of the Ginna SGTR event were evaluated in NURES-
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0918 (&), and the whol g-baody populatiom dose withim a :U-mﬂa» radfum was
estimated to be- less tham 0.1 persaonerem..

Plants that are vulnerable ta the scenarts described in Section
ILLZ (or- other- comparabler scanarics) require properly cooidinated operator
actions ta emsure that ST pump cavitatiom does not occur during response to
amr SETR evente. Thepropased: actiomw will reduce or eliminata the need for
operator- actions to protect the ST pumps 2gafast cavitatiom. The Tikalihood
of° operatar error- cantrihuting ta ST pump failure should therefore be
reduced.. [ WASH-I40Q (5), the probability of am operator error of omissien
(e.ge, failure to establish proper SI pump alignment aftar the SI resat) was
astimated to be 1.0x10-2,

Plant responsa following an SGTR should be more predictable as a
resylt of (1) reducing the probability of cavitation failure of SI pumps,
and (2) reducing the need for safety-related operator actions to protact the
SI pumps.

Impacts

The costs of valve control modifications are dependent on the
design details of the existing valve control circuits and on the number of
valve control circuits which are modified. For the SI system shown in
Figure 11l-1, at least four valve control circuits must be modified (two
parallael valves in the flow path from the RWST and from the 3AST). Total
costs for this plant are estimated to be approximataly $100,000 per slant.

11.3.2 Public
Yalue

Since WASH-1400 sstimatas operator arror in failure to astablish
SI pump alignment pricr to reset at 10-2, this is usad as an upper bound to
the reduction in frequency of core melt resulting from such a change.
Therefore, reduction in public risk of 1% is the assumed upper limit value.
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Impact . 4 -

Reflection of costs of impTementationm om utility rates, where

tndividual plant costs are expected to: average about $100,000.

This reduction im public translated: to less thasr one: dollar

per yearfor' cleamr U of core melt and public dose reductiem of ¢.0006 man—

Femle.

n.3.3

Implementation Plam

No schedular impacts are foreseen for implementation of the

requirements to complete the review by January 30, 1983.

11.3.4

i.

c.

Alternatives
The following alternative recommendations are presented:

Add a low suction pressure trip input to the control circuits for
each of the SI pumps. This type of trip input would likely
require one suction pressure trip channel per pump contro!  cir-
cuft. A control room alarm should also be added to 2lert the
operator to the protective automatic shutdown of the SI pumps.
This type of trip circuit may adversely affect SI pump reliability
(e.g., fault inm low suction pressure trip portion of control
circuit may prevent operation of pump).

Replace SI pumps with units specifically designed to remain
operational following extended cavitation or airbound operation.
Concern over timely realignment of the pump suction would thereby
pe eliminated. Commercial availability of such pumps has not deen
investigated.

Revise operating procedures to reguire that the operator transfer

SI pump suctions to the RWST before resetting SI. This corrective -

action was taken at Ginna following the SGTR event (Reference 4).
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11.4

L.

3.
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12.0° VALUE-IMPACT ANALYSIS OF “CONTAINMENT ISOLATION
AND: RESET™ REQUIREMENT _

W

1Z.L SUMMARY

" This sectiom describes the requirement proposed: by NRC(1) and the:
basis for {ts seTection and summarizes the value-impact analysis.

12.1.1 Deseription

This section describes the requirements proposed by NRC(1) that
all PWRs should review and evaluate the response of the Chemical and Volume
Control System (CVCS) letdown flow path to containment isolation and resat
signals. Specifically, PWRs should evaluate the containment isolation (CI)
systems and determine if any modifications are necessary to assure isolation
of the low pressure portion of the letdown line inside containment {and its
relief valve), thereby avoiding an unnecessary RCS leak during a steam
generator tube rupture (SGTR) event.

12.1.2 Need for Action

During the Ginna event, the RCS letdown orifice fsolation and
level control valves closed as designed as pressurizer level {nitially
decreased. In addition, the containment isalation valve in the letdown tine
also closed, as designed, on a containment isolation signal. However, as
pressurizer level recovered later in the event, the selected letdown orifice
{solation valve and the level control valve recpened as designed. Conse-
quently, the letdown line was communicating with the reactor coolant systam
while the downstream porticn of the letdown line remained isolated, causing
the relief valve on the letdown line to open at its setpoint pressure of &00
psig. This valve relieves to the pressure relief tank and was the major
contributor to the pressure relief tank level. The Ginna containment isola-
tion design therefore caused an unnecessary and undesirable leak during an
already complex event.
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12.I.3 Value and Impacts

The major value: of this proposed actiom is. that it reducas the
potential complexity of plant response following agy SGTR.’ Demands. on the
operator- are therefore reducsd,, and plant response should: be more predict-
ables. The cost of the study to review and avaluata: CI systems 1s egtimated
at $AQ,000. Theres are alsa minor- savings in aveided occupational exposure
of* abouts 0.& man-rem: resulting fromr amr SGIR avents. Also, the avaided cost
of clean-up is 2 maximume of $30,000 per- SGTR. The major impact i{s the cost
of impTementing any propesed actiom invelving plant modifications to ansure
containment isolation. Oue to the variability of plant design, the number
af plants affected, and the datailed system changes necsssary to implement
this propesed acticn, industry-wide impacts are presently unknown. On an
individual plant basis, 1t is estimated that costs could run as high as
$200,000.

Overall, the impacts appear to axceed the valuas of this proposed
requirement if implementation causes plant modifications of any cost.

12.2 APPROACH
12.2.1  Objectives

The objective of this valus-impact analysis is to maks some
praliminary estimate of the values and impacts of implementing the proposad
requirement related to a review of CVCS letdown line value controls and the
Containment Isolation Systam and modifications indicated necassary by the
review, -

12.2.2 Scope

This analysis includes an astimation of the values and impacts in

terms of costs, risk reduction, and axposures associatsd with the alements
identified below.
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Values: : -

- Reduces: the: patenttal compl éiity of .plant response following am
SGIR: -

-

Prevents & challenge of the CVCS letdown Tine relief valve:
folTowing reset of contatmment fsolatien.

Frevents establishing am undesirable reactor coclant blowdowm
pattr from the RCS to the pressurizer relief tank via the CVCS
Tetdown line relief valve.

May prevent overfilling the pressurizer relief tank and
dumping reactor ccolant to the containment sump.

Reduces containment cleanup following an SGiR:

Reduces or eliminates contamination of containment caused by
overfilling the pressurizer relief tank

Reduces volume of rad‘l'oacti ve waste generated by cleanup
activities.

Reduces occupation exposure associated with cleanup
activities.

Reduces labor costs of cleanup.

Impacts

Cost of CVCS valve control circuit modifications
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12.3 RESULTS OF ANALYSIS

12.3.1  Industry

W

YaTue

[f the oriffce isalatiom va2lves remain closed, there will bena
chalTenge: of thee CQICS Tetdown Tine ralief valve falTowing reset of contain-
ment {salatiom This relief valver is downstream of the letdownm orifices and
is fntanded to protect the Tow pressure porticn of the CVCS latdawn line
against overpressure. The capacity of this. relief valve {s generally equal
ta the maximum fTow ratz through a1l latdown orifices (2). Tha ralisf valve
is sat ta 1ift at z prassurs equal to the desigh prassure of the low-
pressura portion of the CVCS letdown line (e.g., about 8§00 psig). In WASHe

1400 (3), the probability of a relief valve failure-to-open was astimatad to
be 3x10-2 per demand.

[f the,relief valve is challenged following CI resat, and it opens
as designed, a continuing discharge of coolant from the RCS to the prassuri-
2er- reliaf tank will ocecur. At Ginna, the CVCS letdown line relief valve
was the most significant source of water discharged to the prassurizer
relief tank (4). Following the SSTR, this tank was filled (e.g., 300 ft3,
or about 5380 gallons) and an additional 1320 gallons of watar was dischar-
ged to the containment sump aftar the pressurizer relief tank rupture disk
blew. Without the water attributable to the CVCS letdown line ralisf valve
dlewdown, it is Tikely that the Ginna pressurizer relief tank would not have
been overfilled and the containment would not have been contaminatad.

If the relief valve 13 challenged and fails to open (2stimatad
probability of 3x10-2 per demand), 1t is possibla that tha low-prassure
portion of the CVCS letdown line could be ovarprassurized to as much as four
times design praessure (e.g., to about 2400 psig). As a minimum, thars would
be very good reason ts suspact that the low-prassure portion of the CYCS
letdown line was overstressed by the exposurs to higher than design pras-
sure. If the CVCS pressure boundary remained intact, a detailed strass
analysis would be required to datermina the transient loading on the low-
prassure portion of the system. Bafors the CVCS was raturned to normal
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operatiom 1t would. be necessary to repair or replace components that were

significantly overstressed.

As described previousTy,. approx*lmt:w 1320 gallons of reactor
coaTant: was dumped: to the containment sump when the: pressurizer relief tank
(PRTT was overfilled and its rupture disk bTew. If the CVCS Tetdowm Tine
relfef valve: had: remafned {solated, the sustained: blowdowm to the pressuri-
zer reTief tank wouTd nat have occurred,. and it is 1ikely that no water
would have beer released to the containment sump. Oewatering and cleanup of
the sump: would therefore have been unnecessary.

The PRT collected water from several sources following the SGTR at
the Ginna plant. The sources of water, in order of their significance,
were: CVCS Tetdown line relief valve; reactor coolant pump seal injectien
return line relief valve; and cne pressurizer power-operated relief valve
used for RCS depressurization (4). If the letdown line had remained iso-
lated, the volume of water discharged to the PRT would have been reduced by
at least on-third (e.g., by at least 2430 gallons). The volume 'of radio-
active waste generated by an SGTR would be reduced by at least this amount
if modifications were made to maintaim the low-pressure portion of the CVCS
letdown 1ine isolated following reset of containment isolation.

Typical processing options for this liquid radiocactive waste
include: processing for coclant and boric acid recycle, and disposal as
1iquid waste. Dfisposal as a liquid waste {s an upper bounds to the ¢leanup
costs. An estimate of the cost for commercial disposal of 2 volume and type
similar to that in contatrment following the Ginna event has been provided
by & commercial waste disposal firm. This cost is on the order of $20-30K
(7).

The plant worker population dose from the Ginna SGTR event was
estimated to be 0.6 person-rem (5). Cleanup activities only account for 2
portion of this total dose, therefore, occupational exposure savings of less
than 0.5 person-rem per SGTR event would be anticipated as & result of
implementing the proposed action.

The pressurizer relief tank is protected against overpressure by 2
rupture disk which will burst at a predetermined pressure and relieve tank
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bressure. Te restares the PRT ta operation the rupture disk must be -
replaced. [ additiom, ft s Tikaly that the PRT will by hydrostatically
tested. to verify proper installatiom of the_new rupture d*lsk. The proposed
actior will Tikely prevent overfilling the PRT and barsti ng the rupture disk
folTowing aw SGTR.. There wilT bes cost savings: associated with not having to
replace the: rupture disk.. This would be a relatively minor cost savings in
comparisor to the costs of* implementing: the proposed actiom. As explained

abave;. occupational exposure savings of Tess tham 0.5 persom-rem per SGTR
avent would be: anticipated..

Impact

These costs are highly dependent on the design standards (a.g.,
Class 1E or Nonclass 1E) of the existing control circuits and the naturas of
any new intarfaca with the CI actuation systam (2.g.,, Class l2-to-Class lE,
or Class 1E-to-Nonclass 1), [tems of cost associated with implementing the

proposed action will vary from plant to plant, but may include some or all
of the follewing:

l. Enginearing and design

2. Replacement of Nonclass 1E CVCS valve operators and control
circutts with Class 1E valve operators and control circuits.

- Relocation of control circuits in Class 1E cabinets
- Rercuting control cables

-  Interfacting with Class 1E power supplias

-  Recurring costs for upgraded valve tasting and QA

3. Modifications of existing valve control circuit to
incorporata a revised intarfaca with the CI system.

Thera is considerable variaety in the datails of CVCS valve con-
trols and containment isalation system features. Some plants may require,
major medifications while others may already have acceptable systams, Cast

and design impacts are therefore not presently gquantifiable with any rea-
sonable precisian.
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ir this figure is basically the same as showm im Figure 12-1 for- the Ginna
plant.. Relevant valve control circuits. Tor the LVCS i Figure: 12-2 appear
tm Figures 12-3 to 12-5(6). Note im these figures=that the CL system
fntarfaces withr isaTation valves: instde and cutside containment and that the
Tetdowr: Tine: safety: valve is between the: two isolation valves. As Tong as &
CL sfgmal fs present (e.g:, not reset),. the fsoTation valves will not open
automatically. These valve contral circuits may serve as 2 useful point of
comparisom witir other- CVCS letdawn valve control configurations in the
field. Based om systems similar to that shown in Figure 12-2, an estimates
of $200,000 per modification is made.

12.3.2  Public Risk

No significant value or impact on the public.

12.3.3 Implementation Plan

The implementation schedule poses no adverse impacts on the
utility's ability to comply with the specified time.

12.3.4 Alternatives

The following alternative actions are presented for consideration:

Divide the containment isolation function among 2 number of isola-
tion subsystems, each of which controls the valves ina relatively smali
number of systams and each of which has {ts own individual reset capacity
(e.g., reset of CI group A does not affect groups 8, C, ). BWRs typical-
1y have a relatively large number of isoclation groups. With this design
feature, the containment isolation signal for selected groups of valves or
systems can be reset, allowing these systems to be restored to operation
while other systems are not reset and are maintained in an {solated status
(e.g., the CYCS). This alternative may require a complete redesign of the
automatic actuaticn logic which supports the containment isolation function.

Modify the contreol circuit for the letdown 1ine isolation valve
cutside containment (Valve 4, see Figures 12-1 and 12-4) so it is equivalent

Iv.12-7
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to the control circuit for- the orifice isolation valves (Valves 3A, 3B and
3C, see Figures 12-I and: 12-3).. Both would receive 2 containment isclatiom
signal and would close wher required. Fdllowing.CI reset, both could open
automatically wher pressurizer Tevel is restored, and :mormal letdown flow
woulE resume. The Tawepressure portiom of the CVCS should not be
overpressurized..

Add pressure switches downstream of the letdowm orifices and

{nterface these switches with the ¢ontrol circuits for the orifice isolation

vaTves (Valves 3A, 3B and 3C, see Figures 12-1 and 12-3) so that these

valves will close automatically when letdown line pressure exceeds 2 speci-

fied setpoint (e.g., less than letdown line safety valve setpoint). The

control circuit should be further modified to require a manual reset fol-
lowing a valve closure on high downstream pressure to preclude cycling of
the isolation valves (e.g., open/closed/open...).

Revise operating procedures to require that the orifice isolation valve
controls be placed in the closed position before resett'lng CI. This action
by the operator would prevent the orifice fsolation valves from reopening
when CI is reset.
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SECTION V. ECONOMIC BENEFITS OF REQUIREMENTS IN COMBINATION

The: purpose of this sectiom is to examime the- economic benefits of
vartous caombfnations of the preventive-type requfrements. This is
appropriate since 1t {s intended that: all or several of the requirements be
fmplemented: and: because- the: value of several requirements im combinatiom is
mot. readiTy spparent from analyses of the fndividual requirements as
descrfbed tm Section IV. This {s becausethe absaTute “"performance” of 2
requirement i< not independent of others with which 1t may be operating,
everr though the relative performance may be independent, or nearly so.

A1l of the economic benefits of interest here are in the nature of
avoided costs associated with reductions in the frequencies of leaks and
ruptures and in the rate of plugging tubes. Baseline frequencies were
provided in Section IIl.2 and frequency and plugging rate *reduction
factors” were estimated in the individual analyses of Section IV. The
reduction factors are particularly useful for analyzipg combinations of
requirements «in those cases where the benefits are directly proportional to
the change im frequency or plugging rate. To {llustrate, let r be a reduc-
tion factor, which is defined by fheyw * * fhaselines Where fpey 2nd
fhaseline 2re respectively event frequencies after and before implementation
of a requirement. The change in frequency 1S fuacaline = Fnew * fbaseline
(1-r) = f. If C1is the cost per event (e.g., a leak), the avoided cost or
benefit 1s (8f)C = (af/fhasaline) * Foaseline C * (1-F)fbaseline &

If two requirements are implemented with frequency reduction
factors ry and rp, the new frequency is frey * Tir2fpaselines ThiS follows
from the definition of the reduction factor, but it implies an assumption
that the requirements cperate independently, i.e., the reduction factors are

‘multiplicative and independent. This assumption, which greatly facilitates

the analysis, is taken to be acceptable in the sense that most exceptions to
it would be masked by the uncertainties, which are relatively large. We do
acknowledge one specific exception, namely that the effectiveness of
improved ECT techniques is likely to be sensitive to the state of secondary
water chemistry in a plant. We accommodate this exception by using a range
for the estimated frequency reduction factor for improved ECT; this range
thus reflects plant-to-plant variations rather than uncertainty, which
generally is not displayed explicitly.
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Witlr two requirements, the relative change im frequency becomes -
A/fhasaline = L-rir2s this cam obvicusly be: generalized ta more requirements
s long as the assumption: of independencz is not too sayeraly violatad.
ATso,. tube pluggtng rates cam be- treated im an analogous manner.

Or practice, the problem is considerably mere complicated because:
{£ {s necassary: tox keep track of the individual degradatiom mode frequencias
and: te combine themr according tx whichr requirements operatz om whicir modes.
Nevertheless, it {s conceptualTy identical tg the simple illustration
described above. )

To facilitata the presantation of results, we raprasent the
praventive requirements by the letters A, 8, C, D, € and 7 as follows:

A Loose Parts QA (LP-QA)
8  Loose Parts Monitor System (LPMS)
c Secondary Watar Chemistry Program,
ineluding Condenser ISI (SWCP .
D Steam generator tube - inservice inspection (SG-ISI)
E Improved ECT (Imp. ECT)
F Upper inspection ports (UIP)

The notatiocn ABC denotas the situation in which A, 8, and C ar2
all thrae in affect. A8/C rafars to the effect of implemanting A and 3,
given that C has already been {mplemented; it {s referred to as the marginal
affect of A and B, given C. Ganeralizations such as AB/CD have thair

obvious meaning. Also, latting b(A) denota the benafit, or avoided cost,
assoctated with A, we can show

d(A/8) = b(A8) - b(3)

which is usaful for computing marginal benefits.
For forced outages due to leaks and ruptures, the ralative changes
in frequency are displayed, for each of the PWR vendors and for the entire
PWR populatieon, for the individual requirements (for easy referenca) and for

3 salected sat of requirement combinations in Tabla V.1. For any given
combination, the variation among vendors arisas from the fact that shutdowns
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Table V.I ReTative Reduction {m Qutage Frequency and Annual Cost
by Selected Combinations of Reqyirements

Combinations
Kequicfnments
A (LP-QA)

B (LPMS)

C (SWCP*)

D (SG-ISI)

E (Imp. ECT)
F (UIP)

ABCDEF
ABDEF/C
ABC
AB/C

AB

B/A
ACDE
Baseline
Qutage

Frequency
(Rx=yr)=

NSSS Vendor

-

Westinghouse: Combustion Engr. Babcock & WiTcox A1l PWRs

a0
16%
41%.
8%

0-23%
0.2%

64% - 72%

23% - 3%

45%
£.1%
22%
1.6%
63X - 71%

0.168

*{ncluding Condenser ISI.

6.3%
4.9%
46%
. 20%
0-25%
0.1%

,60% - 70%
14% - 26%
46%.
6.8%
0.5%
60% - 70%

0.071

£.0%
3.1%.

36% - 52%
18% - 38%
17%

4.3%

0.3%
36X - 522

0.455

13%
8.2%
32%
18%
0-23%
0.1%

53% - 64%

1% - 32%
40%
7.6%
14%
1.2%

52% - 64%

0.188



im the different types: of plants have beem attributed to different degrada-
tiomr mode distributions and because the requirements da not affect all modes
equally.. The industry-wide averages (all PWRs) are dominated by Westing=
house: pTants but: the: others have a significance infldence.

Focusing o the {ndustry-wide averages,, these results suggest that
2lT the: requiraments together—(ABCOEF) would reduce: shutdowm frequency by
about 532 - §4% (sTgniftcantly more {m Westinghouse plants). Additiom of
the individual reductions would suggest a total of about 71% - 94%, which is
about 30% too high. Sinc the effects of the requirements are not additive,
it is necassary to examine the marginal affects to datarmine the relative
importance of different requirements.

The sacondary water chemistry program (SWCP), hers danotad by C
and taken to include the condenser ISI program, provides tha graatast
reduction in shutdown frequency of any single requirement, about 32% All
of the other requirements together (ABDEF/C) contributa an additional 21% -
32%, 1.2., up to about half the tatal for all requirements.

The three preventive requirements, ABC, as opposed to preventive-
diagnostic, requirements, DEF, would yiald an industry-wide reduction in
steam genarator-ralatad shutdown frequency of about 40% Again, C {s the
major contributor to this, with A3/C contributing only about 3% Carrying
this a step further, AB provides about 14% reduction with 3/A contributing
only about 1% of this. This 1s well within the range of uncartainty and is
therafore hardly significant. Moreover as indicatad in Section IV, the
marginal cast of 8/A is probably large enough to make the net marginal
benafit of 3/A negative. From this point of view, the requirement A should
be preferable to the combination AS.

From the entries in Table V.1, Upper Inspection Ports (F) do not
appear to offer hope of much benefit, alone or in combination. Omitting 7
and 3, the remaining requirements ACDE might lead to a frequency reduction
by 52% - 64%. For all practical purposas, this is indistinguishabla from
the potential reduction of all six of the requirements.

Sinca avoided costs of outages are proporticnal to the reductions
in frequency, the reductions in Table V.l apply also to thesa costs. The



actual value: (im dollars) of the avoided: costs are:also proportional to tﬁ.e '.

haseline frequencies, which differ among vendors. For reference, the
baseTine frequencies,. from Section IIL.Z~are i ncJuded fr Table V.l.

TabTe V.Z provides the: expected reductions-im tube rupture and
tube plugging rate for- the same comhinations of requirements included im the
earTier table for- forced outages. With regard to tube ruptures,. since there
have: beemr none: for- CE or- BLW- reactors, the: reductiom factors are derived
exclTusively from Westinghouse plant data (4 tube ruptures!). We also use
the factors for- industry-wide averages by adjusting the baseline frequency
to the total number of years of reactor operation for all types of PWRs.
These frequencies are provided in footnotes to the table. Application of
these factors to CE or BLW reactors alone would be entirely speculative.

The contributions of ruptures to forced shutdowns have already
been included in the shutdown frequencies discussed earlier. The rupture
frequencies themselves are of interest as accident initiator frequencies
and, from an economic viewpoint, determine the expected values of the cost
of accident decontamination and cleanup. Although these costs are expected
to be negligible compared to other economic values- and impacts, the
reduction factors are of some intrinsic interest from the perspective of
publfc risk, to which they also apply.

It is ocbvious from the table that, with respect to tube ruptures,
requirements A and 8 are much more important relative to C than they were in
the case of forced outages. This is directly attributable to the Fact that
2 of the 4 historical tube ruptures have been caused by loose parts, the
target of requirements A and B. Haowever, the marginal benefit of B/A is
again quite small, about 4% of the total of 49X for A and B together, It
may also be of interest that the value of AB alone is identical to the
marginal value of AB given C. This is so because the degradation modes
affected by AB are mutually exclusive of those affected by C.

\

Again, it may be noted that the combination ACDE has virtually the

same value as the complete set ABCDEF.

As indicated in the table, the preventive-diagnostic requirements
0, € and F are assumed to have no effect on plugging rates. In principle,
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Tahle V.Z ReTative Reductions fm Rupture Frequency and -
Plugging Rate: by Comhinations of Requirements

Combinations % Reduction i

e - USRI S —r——————— P ——— S e

of* "~ Rupture Frequency §1 533'1‘5? gr;t;n
Requirements (Westinghousa: and A1l PWRs)*™ (A11 PWRs)***
A (LP-QA) 45% -
8 (LPMS) 35% -
C (SwCP*) 23% 70%
0 (SG-ISI} 5% | N.A.
g (Imp ECT) 0 - 13% N.A.
F (uIp) - N.A.
ABCDEF 74% - 80% 70%
ABOEF/C 51% - 57% -
ABC 7% 70%
Ag/C 43% .-
A3 45% -e
B/A 4% -
ACDE 73% - 79% 70%

*Including Condensar ISI program. .
*3asaline frequencies: Westinghouse 0.022/Rx-yr; A1l PWRs 0.013/Rx-yr.

***33saline Plugging Rates:

Median 0.5% per year; Severs 2.0% per year.



K, B and C could all affect plugging rates, but the historical data suggest
that A and: B would not simpTy because no: tube: pluggings have been attributed.
to: Toose: parts.. Thus,. the: Secondary Water- Chemi stry Frogram (C),. including
the Condenser IST program;. is the only requirement affécting the plugging

rate. This means that C fs the onTy requirement with 2 stgnificant
potential for-extending steam generator- Tifetime. It has beemr estimated
that & chemistry program would: reduce the plugging rate by about 70%. This

fs cTearTy & major- reductiom but appears to be reasonzble, at least for
plants tm the “severe™ category as discussed im Section IV.5. There is .
considerable uncertainty in this reduction factor, of course, especially in

operating plants where degradatiom trends might not be reversible.

- The avoided c.osts of interest include those associated with forced '
outages, which are proportional toc the reduction in forced shutdown

frequency; accident cleanup, which are proportional to the reduction in

. rupture frequency; tube plugging, which are proportional to the reduction in

tube plugging rate; steam generator replacement, which are functions of the

reduction in tube plugging rate.

Forced. cutage costs are due mainly to replacement power costs. A
range of costs is used in this sectien to reflect the variation with outage
duration, which varies from 2-14 days for leaks to 30-90 days for ruptures.
In 211 cases, the exected values of accident cleanup costs are negligible
because the probabilities of accidents are very small, Avoided tube
plugging costs are based on a plugging cost per tube ($1600) and are assumed
to be incurred every year except for the first two years of steam generator
life. The tube plugging and steam generator replacement model used here is
similar to that described in Section [II.2, except that no derating is
tolerated and replacement occurs when 20% of the tubes have been plugged.

For the individual requirements and for the combinations under
examination, a summary of the total avoided costs are presented in Table
V.3. These benefits are stated on an annual basis and in Present Worth
tarms for the cumulative benefits over the remaining plant 1ife; the latter
are shown for two cases, when the "present* is at the 6th year of plant life
and when it is at the beginning of plant 1ife (BOL). The benefits are
always shown as 2 range of values which includes a component associated with
the varifation in outage durations for leaks and ruptures. For those
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Table V.3 Summary of Avoided Costs - Industry-Wide Ranges Per Plant

Present Worth of A.vg],dedv Cumy Jatiye Cost

| Avolded Anpua) Cost AL 6t yr of Tife A Bol.
Requirements ($103) (_{106] ($109)
A (LP-QA) 54 - 284 1.} - 6.8 hi- 6.6
B (LPMS) 35 - 187 0.7 - 3.6 0.8 - 4,3
+Cond ISI gevere; gigg - sl’gggﬂ‘ :()(:;4 yrg) 51 - 238 150 - 164
joevere - yrs
(1] (SG - [Sl) 79 - 414 . 105 - 8,‘ l,ﬂ - 906
E (Imp. ECT) 0 - 521 0 - 10.2 0- 12,1
F (ulp) 0.4 - 2.3 0.008 - 0,045 f.010 - 0,083
ABCODEF (Median 286 - 1500 10 - 50 .ly; - 89
Severe 3500 - 17000 (24 yrs) 57 - 270 157 - 205
Severe 8600 - 9300 (30 yrs)
ABDEF /C 91 - 728 1.8 - 14,2 &l - 169
ABC (Median 217 - 957 8.0 - 23.0 10.0 - 27,9
Severe 3400 - 15000 (24 yrs) 54 - 242 . 188 - 171
Severe 8600 - 9300 (30 yrs) W
AB/C 3 -1723 0.6 - 3.4 0.6 ~ 4.0
AB 59 - 312 1.2 - 6.1 1.4 - 7.2
B/A 5.2 - 27.3 0.10 - 0.53 0.12 -~ 0.63
ACDE (Median) 202 - 1503 5.5 - 29.3 - 6.4 - 34.0
Severe) 3500 - 15700 (24 yrs) 56 - 2562

Severe)

8600 - 9900 (30 yrs)

153 - 175




combinations including requirement €, an additienal: increment is included to
reflTect the assumed range frr values of the frequency reducti o factor for
improved ECT. [n general, the middle 6F the range would be  reasonable
choice: for- & realistic paint value.. As discussed Tster, am additional
fncrement: is fncluded {n the avoided cost of stean'r-genera.tor' replacement for-
the: 26 year- remaining: Tife case..

The: ranges in: bez'teﬁt:vgenera;ﬁy reflect variations from plant to
pTant.. The ranges are o broad that any uncertainty im characterizing 2
particular plant, althoughr Targe, would probably be masked.

For all cases except those labeled “severe,* the benefits are
dominated by the avoided costs associated with forced outages. In these
cases, steam generators would not need replacement or the replacement would
not be avoided or delayed because of the particular set of requirements.
The relative benefits of these requirement combinations would be basically
the same as for the forced shutdown frequency reductions discussed earlier,
For the set of requirements ACOE, annual benefits could range up to about
$1.S millfon per plant. The corresponding present worth of cumulative
benefits would be about $30-34 millien for 2 young or 3 new plant.

For the cases. labeled "severe, all of which include requirement
C, the tube plugging rate fs taken to be 2% per year. With the simple
replacement model at hand, the steam generators would be replaced after the
12th year of plant life (efther 6 or 12 years from the “present). The
dominant benefits by far are associated with avoiding or delaying steam
generator replacement. For plants at the beginning of life, 2 reduction of
the plugging rate by the estimated 70% would extend the steam generator life
to beyond the plant 1ife. The benefit would be in avoiding steam generator
replacement 12 years hence, about $146 million in present worth terms. If a
plant were in {ts sixth year, the present model would predict an extension
of steam generator 1ife by 20 years, to 2bout the 26th year of plant 1ifa.
The savings brought about by the delay would be about $47 million in present
worth. It might be argued, however, that a plant would not replace steam
generators with only four years remaining of plant life. If the replacement
were not made, the avoided cost of replacement 6 years hence would be about
$220 million in present worth. The total benefit would be this amount Tess
the present worth value of replacement power purchased in the last years of
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pTant Tife. Because of the variabiTity of this :situatiom, we have
represented the benefits by the range $47-5220 million.

Lt night alse be argqued: that the present Tnode-l 4 not realistic
because a plant i 1 ts sixtir year with tubes baing plugged at 2% per year
cauld bee ir ar frreversible degradatiom trend. RepTacement of the
generators wight be {nevitable about & years or so hence.. Howaver, i no
acttor ats alT were takem, 2 second replacament would Tikaly be needed about
10 years Tatar (mucir earlier for plants with plugging ratas up to 4%). If
the chemistry program were implementsd, it seems quita likaly that at least
ane steam genarator replacement could be avoided at some point in the
plant's remaining-1ife. The presant worth valua would be somewhat sansitive
to the time of the avoidanca, but it would be on the order of savaral $100
million, provided the 70% reduction in plugging rata can ba achiaved. If
the reducticn amounts to only 50% in a plant with 2% plugging, the benefits
assoctatad with delayed replacement would be on the ordar of saveral §10
million in presant worth at beginning of 1ife. This would be true of plants
with plugging rates above about 2.5% aven with the 70% reduction factor.

Finally, a summary of avaided costs for the sat of requirements
ACDE 15 shown for the three PWR vendors in Table V.A.
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Table V.4 Summary of Avoided Cost for Requirement Combination ACDEY

Present Worth of Avoided CQ_xmul_ggue g__ost

Avoided Annua) Cost At 6th yr of life At Rl
Vendor ($103) ($106) ($106)
Hest inghouse tnedlan 294 - 1474 6 -29 71-¥
Severe 3500 - 15600 56 - 252 166 - 184
(24 years
8600 - 98
(30 years)
Combustion Epgineering 153 - 466 3-9 i-1
Babcock & Wilcox 428 - 2005 8 -39 10 ~ 46
Al] PURs Hedian; 282 - 1503 6 -29 ' 6 -3
Severe 3500 - 15700 56 - 252 156 - 104 i
(24 years) '
8600 - 9900
(30 year)

»

AACDE: Loose Parts QA, Secondary Hater Chemistry Program, including conde
Improved ECT. | 9 nser I3}, Tube ISt,..

P




SECTION: VI. CONCLUSIONS. AND OBSERVATIONS -

This sectiom collates the cohclusfons reached im each of the
fndtvidual requirement value-impact assessmerztts: in_Section IV with the
conclustons arising: from the: marginal analysis of Sectiom V. Additicnally,
several aobservations: concerning the value-impact analysis process, the
writing of requfrements, and: other- study-related: topics which were deemed
important are discussed.

1.0 SUMMARY OF CONCLUSTONS

Table VI-1 presents a summary of the quantified values and impacts
on public risk, costs, and occupational exposures as exerpted from the
individual requirements value-impact analyses. Table VI-2 presents a
summary of the occupational exposures and compares the annual dose rates to
the average occupational exposure at a PWR. Note that the other five
requirements dealt with specification 1imits and plant system studies which
nad very small values and/or impacts relative to the seven "préventative”
requirements Tisted on Table VI-l.

1.0.1 *Effectiveness®

The above division, or initial ranking, into two groups 21lowed
the marginal analysis to. focus on the seven requirements with the greatest
value-impact numbers. Table VI-3 presents the percentage reduction in
cutage frequency for six of these seven requirements. The stabilization of
tubes was omitted since it was study oriented. Using these percentages as
an “effectiveness® ranking ylelds the following order, from most to least
*effective®, .

) Secondary water chemistry program, including condenser inservice
inspection.

Steam generator inservice inspection

Loase parts quality assurance program

Improved eddy current testing

Loose parts monitoring system

Upper inspection port.

o 0 0 0 O
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Suumiary of Life-Time Econowic

and Radiologic Resujts Per PYR

Table VI-}
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Cast Lo Avoldsd  Avolded Accldeat Iol
Requirasnis l-gmnt ‘gol;‘; Clo‘u.\m)%ous “‘ Ot“
3) Sec. IS0 ¢ QA 2.7 ? 2.5
SEC IS} ¢ QA ¢ LIS 50 3.2 R 2320
7) IS4
a) full langth ode.? 4.3 $.1-4.2
48 mo./subset - -
& i Toalinctag 331 e B MRS
. u-m'.'l. (11 K.E.* -
€) Beportlng - - . -
3) €diy Curreat Vesting B | 0-5.§ [ | 0-5.§
4) Upper Laspection Porls ’
a til::v‘-‘l":uknlm } ::g: mg. uih.
Hater Cin. 1.3 40-240 s-16 40-240
‘nclw“q ser §5)
7} Tube Stabjilzation | N.A, N.A. WA,
- leplomentation phose: 2.5/0.4/0.9 2.1/5.9/0 6ES  (.4)/5.5/(.9)
WIB/CE
8) Frimery Go Sec. Leakage 1.3 1.4 WA .4
3} lodine Coolant Limits .4 uA. negl. (.4
10)Rsactor Coulant Systems 4 M.A. nagl. (.1
mg::m ::j‘::“u Y nA. negl. 'RY)
12)Contalament 1sulation .2 - 10 {-2)

lapleneni
(Han-pes)

215-615
Vs-4i0

&0~ 200
ual.

")

W:Sl)
9

E

N.A.
806-102)

e &6 & ©

Occupet fons st
13 hyo 0 Renel i}
-pc‘nm v Mqo ppun vrm (Patea)
pl-16s k14 (H3-19)
-0 &1 V44
i i L) ‘3-;232’
20- U -1
k] | fikial!
0-440 ] L]
-l. i %)
w™ W ki)
20 ngt. $020
N.A. Mﬂ- 9
%A, wsgl. " 0
NA. negl- Coq
negl. negl. 0

“NE, not estimsted




TabTe VI-2Z. Cumulative Occupatiohal Exposure Per
PWR Life~Time (man-rem).

-
-

Implementatiom Avoided * ~ Ret
SHCF : vy 1000-7500 1000-7500
LB=Q& Igﬂtct Secondary: 275-67% 80 -I45 (585)-(110)
IsT 60-325 50-200 (275)-120
ECT ] 0-140 0-140
Total 335-1000 1140-8005 140-7600
’ -5805* -5500*
0 Annual Rate as a 3%-8% %-65% 1%-63%
Percentage of . 48%* -45%*
1979 Average PWR
Occupational Exposure
o Percentage =T 5%-43% 12-42%
with Marginal : -32%% -33%*

Intaractions Among
Requirements

* Without Steam Generator Replacement
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Table: VI-3. Ralative Reductiom im Qutage Frequency
(Effectiveness®) by Selectad Combinations

of Requirements. -
NSSS Vendor i =

Individual

Requirements Westinghouse Combustiom Engr. Babcock & Wilcox All PWRs
A (LP-QA) 20% §.3% 4.0% 13%

3 (LPMS) 16% 4.9% 3.1% 8.2%

C (SHCP*) A% 46% 17% 32%

D (SG-ISI) 18% 20% 20% 18%

£ (Imp. ECT) 0-23% 0-25% 0-25% 0-23%

F (UIP) 0.2% 0.1% 0.1% 0.1%

Combinations of

Requirements

ABCDEF 64% - 72% 60% - 70% 36% - 52% 53% - 64%

ABC 45% 46% 17% 40%

AB 22% 5.8% 4.3% 14%

ACDE §3% - 71% 60% - 70% 36% - 52% 52% - §4%

* [Including Condenser ISI.
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partion that the Tast two requirements have very 1ittle impact when
implemented. with the first four. This marginal a.na.lysi's indicates that LPMS
and UIF yet1d practically no reduction im probabilify of outages if the
other- four- requirements are- impTemented. .

It fs also seemr im Tables VI-L and VI-3 that the: secondary water
chemistry program has bath: the: greatest net values (costs. and radfation
exposure, plus public risk reducti on) and the highest percentage
“effectiveness.”

1.0.2 Publfc Risk

The network risk analysis of Section [II.5 indicates that the
public risk consequence due to SGTR as the source event are minimal before
any requirement is implemented. The consequence probabilities from SETR

were: melt-down, 10=7; major radiation release, 10-7; and minor radiation
release, 10-3. '

As anm 'z priori' result, the reduction in public risk was not
significant for any of the requirements. This lack of public risk for SGTR
events is particularly important for those requirements whose principal
justification for drafting was safety or risk reduction related. The five
requirements primarily concerned with 2 safety or risk justiftfcation are:

Primary to secondary leakage 1imits '
Coolant iodine activity limits

Reactor coolant system pressure

Safety injection signal reset

Containment isolation and reset.

o 0 0 0 o

A1l of these five requirements were found to have very marginal values or
that the impacts outweighed the values. As discussed above, this was
expected since little risk reduction value was able to be attached simply
because of the low risk at present.

VI.1-5
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1.0.3 Indfvidual Requirement Assessmént Summaries
Eaclr of the twelve requife‘ments is addressed below im tarms of its -

“bottom-iine” value~-impact assessment. Also included: are significant facts,.
features, and comments arfsing from the assessment. The requirements are
alsx presented {7 ranked order from: greatest value to Teast.

Secondary Water Chemistry ?rogram: The valuas greatly axceed its
{mpacts..

@  The cost benafd ts are muchr greater- tham the cost impacts e.g.,, for
the averager units $L3I million versus $40 million.

o The avoided cccupational dosa is very significant; tha average
unit avaids 40 man-rem per yaar,

) Marginal benefit is very good; SWC? benefit is aqual to that of
a1l other raequirements combined.

0  Wide unit-to-unit variability in extent of value.
Prevention and Detsction of Loosa Parts: Excallent values relative to

impacts for the quality-assurance and visual inspection portion; negative
marginal value-impact for installation of the 1cosa parts monitoring systam.

0 QA and inspection have axpectaed bBenefits mora than 10 timas the
implementation cost.

) QA and inspection may have a larger occupaticnal dosa to implament
than expected dose savings.

] Installation of LPMS for monitoring only secondary side has 2
negative marginal cost benafit, but does reduca occupational
axposure.

o Use of an existing primary side LPMS that can easily accomodata
yse on the secondary side has approximataly ths same nat benefit
as QA and inspection, plus occupational axposurs is reducad (34
PWRs have primary sida LPMS).

VI.I‘s



Steam Generator Inservice Inspection: Excellent values rel ative to
@ FulIT Tengtir inspection shows positive value-impact with only & 1%

assumed: reductiomr frr future forced outages; the estimated forced

cutage- reductiom factor is & few percent, perhaps as high as 10%.

0 Monitoring the amount of denting and establishing denting limits
has a more modest, but still favorable, value-impact.

) Going to the 48 month maximum between ISI may require 5% of S&
population to be inspected before reaching full period;
requirement should consider allowing {nspection at next refueling.

Improved Eddy Current Technigues: Values significantly exceed impacts.

o  Net benefits good even for only a 2% reduction in forced shutdown
for repair of leakage; up to a 20% reduction {s expected.

] Improved ECT of plants identified as having *severe* SG
degradation would detect more of the existing incipient flaws in
the $G; timely implementation will have immediate benefits.

e There are no cccupational dose impacts to implement but 2 faw man-
rem per year are aveided for an "average” plant.

Condenser Inservice Inspection Program: Valyes inherent in secondary
water chemistry requirement.

] A majority of SWC-related degradation sources originate in the
condenser.

0 No effective SWCP is possible without CISI and, thus, the CIsIP
should be explicitly or implicitly included in the SWCP,

0 CISI testing costs are small; $5-25K depending on type and extent
of test.
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of tast.

Upper Inspection Ports: Impacts exceed the values.

> 2

InstalTatfom of UIP i ar axisting 58 15 30-40 %imes the cost of

one: instalTed {w z S& befng fabricatad, plus having: a 100 man-rem
doses -

Life-time probability of UIF praventing forced outage or SGTR is
neqligible.

Altarnatives to UIP diagnostics are or will ba availabla (fiber
optics,. improved ECT).

Stabilization and Monitoring of Plugged Tubes: Very small impact with

no values for the study; large values and impacts if implementation occurs.

The study required has a small cost, no values and requirss
further NRC actions.

Estimated cost impacts and benefits are in the millions of dollars
for implementing the study, with high occupaticnal sxposurass.

Pr‘fmarx to Secandarz Leakage Limits: Values exceed impacts, but both

small.

Plants presently operating without this STS and above its limits
would experienca a $.1M benaefit and a 20 man-rem benafit due to
avoided SGTRs.

Reduction of public risk is negligible.

Coolant lodine Activity Limits: Values do not axcaed impacts, but

impacts are small.

Potantial for large impact exists if plant is above new limits
when this requirement i{s implemented; impact would ba similar to
an unscheduled refualing. Units to be affectad were surveyed and

are within 1imits presently.

VI 01‘8



@ Reduction fn public risk is neghigible. :
Reactor- Coclant Systemr Pressure Control: Small 1mp;c1: exceeds value.
¢ Value of pubTic risk reductior is negligible.

¢ SmzlT impTementatiom costs and nc doses associated with this
study..

0 RCS pressure control could have values (undetermined) for non-SGTR
initiated accidents.

Safety Injection Signal Reset: small impacts outweigh no quantifiable
values.

] Negligible reduction in public risk..
] Small implementation costs with negligible ORE.
o Possible benefits in other than SGTR accidents (undetermined).

Containment Isolation and Reset: Small impacts greater than small
values.

0 Expected reduction in clean-up costs less than implementation
costs.

] No effect on public risk.
o Insignificant ORE saving achieved.

] Potentially beneficial side effects for other accident sequences
(undetermined).

VI 01- 9
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Z.0 OBSERVATIONS.

This subsactiom presents 'Tessuns learned™ and other study-related
comments. and observations.. =

0. Regquirement Oefinitions

Four~ types of actiocns appear to have been propesed. These are
1isted: below im order of their effectiveness im producing benefits:

preventive actions,
diagnostic/preventive actions,
mitigative actions, and
study-type actions.

o 0 o o

The ordering above is intuitive, but the ordering has really been
corroborated by this value-impact study. A “preventive® action is one such
as improved secondary water chemistry program whose impIementation has
direct potential for producing benefit, *Diagnostic/preventative” actions
are those such as improved ECT or ISL where benefits are contingent upon
valid diagnosis of an incipient flaw and an appropriate "fix" of the
diagnosed problem.

*Mitigative® actions, such as CI or SI resets, only lessen the
effects of accidents once they occur, and severe accidents resulting from
steam generator problems are sufficiently rare that the benefits of
mitigation are small. Furthermare, as preventive actions become maore
effective, the benefits of mitigative actions are even further lessened
(see Section V). "Study” type actions are the least beneficial because any
benefits are dependent on the following three conditions:

0 There {s a "discoverable* beneficial program to which the study
can lead;

] The study leads to such a beneficial program in a valid manner;
and

0 The beneficial program is successfully implemented.

VI 02-1



A fncrease fn knowledge is highly probable with any study, but it .
has no benefit i {& is not utilized. The likalihcod of initiating a valid
study: whichr Teads ta am appropriataly fmplemented beneficial program appears
small. <

-
-

Z.0.Z  Specific Observations

Thee folTowing: specific observations were made 2s a result of the
valye=impact analysiss

Ly The requirement on {odine Timits has a "catch-22* in the analysis
of” its value-impact. While it has negligible value for safaty and
public risk reduction, jt is baing required becausa of 10 CFR 100.

] Performing plant specific analysis to datarmine the limiting
number of tubes for a plant and to drive a statistically basad
sampling plan probably is uneconomical, but such a raquirament
allows licensee flexibility.

Q Secondary water chemistry has the largest potantial for plants
with chemistry related degradation. QA and secondary sida
inspection, improved ECT tachniquas and ISI requirements have

benafits for all plants, including plants without much
degradation.

] Prompt requirement, or adoption, of improved ECT methods by plants
with greater than .7% annual tube plugging ratas would increasa
the probability of detecting incipient flaws.

0 Tube stabilization is a study requirement. Implamentation of tha
study results would likaly {nvolve impacts and benefits astimatad
to be in the tans of millions dollars range. The approach of
requiring each utility to perform the study may not be the
prefarred approach. An alternative is to raquire 2ach NSSS
vendor, or some other sacond party, to raesasarch tha problam of
tube degradation mechanisms and tuba stabilizaticn and monitoring.
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Requirements of a mitigative nature generally have small impacts
and benefits (where they cam be quantified).  Some of them, (e.g.,
ST reset, and containment isolation) bave potentially beneficial
side effects (make the:plant "safer™ with other accidents, ete.)
that- may increase the value of the requirement. '

If &IT the requirements were {mplemented the occupational
exposures to impTement are estimated to be a & - 15X increase over
the average 1979 occupational exposure at a PR. The estimated
avaoided doses are 10 to 65X of the same.
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Appendix A. Steam Generator Event Data

This appendix presents datz on which most of %he Tables in Section
[IL.Z are based but which drenot needed directly imthe analysis. All of
this datz was: ccm;riTed. fromr NUREK-OEBS,. supporting tables.

TabTes A.L, A.Z and A.3 present,. respectively for Westinghouse,
Combustion Engineering and Babcock and Wilcox plants, the numbers of events
im various leak and rupture categories, the total number and percentage of
tubes plugged and the number of operating years for individual plants. An
aggregate summary of this data was presented in Table I1I1.2-1. As noted in
the text, a rupture is defined to be an event in which the leak rate exceeds
the. capacity of the charging pumps at full system pressure.

Tables A.4, A.5 and A.5 present, respectively for Westinghouse,
Combustion Enginesring and Babcock and Wilcox plants, the numbers of leak
and ruptures, by categories, attributed to various modes of degradation. An
aggregate summary of this data was presented in Table II1.2-2.
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Plants:

Yankee-Rower
Sur Onofre 1
Haddamwr Neck
Sinna L
Rodinsen 2
Point Beach 1
Point 3each 2
Surry 1

Turkey Point 3
Syrry 2

In*1an Point 2
Turkey Point 3
lim 1
Prairig Istand 1
Xewaunes

ien 2

Prairie Island 2
Cook L

Trojan

Indtan Point 3
Seaver Yalley 1
Salem |
Farley L
Noreh Anna 1
Cook 2

North Anna 2
Sequoyah 1
Salems 2
Mcluire 1
Farley 2
Sequoyah 2

Totals

Operating:
Years

R

e
O‘N...NNNm(nmmGﬂﬂﬂgwoﬂwouﬁle‘:N“ﬁm

240

S’
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TabTe A.1 Number of Steam Generator Events

{mr Westinghouse Plants. =

Nusdyer off Events (Latks & Ruptures)

LR<a.L

O 00000 WO rR@OPOCrNWRWMHNORG O I«

50

LR = Laak rate in gallons per atnuts
L4 Operating years througn 11fe of first sat of staam generators,
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Rupture Tatal
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C 0022000009000 000 " g™ 0000~ agOO
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Tibes:
?lugged
Num, (%)

115 (1.3)
954 (3.4)
53 (2.5)
223 (3.9)
1c64 (11)
313 (12.3)
117 (2)
2578 (2%.4)
2083 (21)
2158 (21)
472 (3.51)
2508 (28.3)
28 (0.8)
34 (1)
9
13 (9.2)
§1 (2)
2 (<)
337 (2.8)
331 (5.4}
Q
53 (0.4)
232 (2.3)
234 (2.3)
83 (0.4)
282 (2.3)
0
Q
30 {0.4)
§ {0.08)
0
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TabTe A.Z Number-of Steam Generztor Events.
tn: Combustion Engineering Plants

Mmber- of Events: (Laaks & Ruptures)

Operating
Flants Years | LR<O.1l  C.1AR<O.T G.IQRRUP  Aupture  Total
Pelisades 11 ¢ 1 2
Maine Yankes 10 . 0 0 0
Fort Calhoun 9 e e 0
Calvert Cliffs | 8 1 0 0
Milistone 2 7 ¢ 1 ¢
St. Lucte L ¢ 1 0 6
Calvert Cliffs 2 [ g ¢ "]
Arkansas 2 4 a 0 Q
Totals él r 4 4 rd

LR = Laak rate in gallons per minuts

A3

Tubes.
Plugged
Naw. (%)
748 (2)

1s (1)

3(9)

§ (<)
1509 (9)
130 (<l)

5 (<1)

a (<)
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- -
-
-
-

TahTe A.X Number of Steam Generator Events
frr Babock and Wilcox Plants.

Number of Events (Leaks & Ruptures) Tubes

Operating Plugged
PMlants Tears LRl 0.1CLR<O.3  0.2URRUP  Rupture  Total Num. (%)
Ocones- 1 3 Q 3- _ § 0 9 13 (2)
| Oconee 2 9 2 1 2 0 3 A («1)
Ocanee 3 ] ] 3 2 o 5 123 («1)
Arkansas 1 8 0 1 1 0 2 13 (<1)
Rancho Seco 1 ] 0 ] 1 0 1 15 ()
Crystal River 3 L ? 0 0 0 0 33 {<l)
Davis-3esse 1 L b) 0 1 0 1 7 ()

Tatals 52 ] 3 13 ] a

LR = Leak rats in gallons per sinutes

A-4
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TabTe A& Number- of Steam Generator Leaks and Ruptures by
Degradation Mode imr Westinghouse Plants (180 Mature
Years, 240 Total Years: of ReaStor Operati on)

Oegradatfor - Number~ of Events (Leaks and Ruptures)
Mode~ LR<0.1 O.KLR<0.3 O.3<LRCRUP RUPTURE TOTAL
Nastage | 13 r - o . 1 15
~ Cracking 7 7 6 1 41
IGA 8 2 0 0 10
Pitting/Fretting 1 0 | 1 Q 2
Incorrect Plug Loc. 0 1 0 0 i
Tube Shest Damage 0 1 .0 0 1
Denting 4 g 1 0 13
Loose Parts 0 0 0 2 2
Fatigue | 0 0 0 0 0
Erosicn/Corrosion 0 0 0 0 0
Unknown 11 5 g 0 21
Totals : 64 28 13 4 106

LR = Leak rate in gallons per minute
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Table A5 Number- of Steam Generator Leaks and Ruptures by Degradation
Mode i Combustiom Engineering: Plants (45 Mature Years,
6L Total Years of Reactor Operation) :

.-
-

Degradation Nunber of Events (Leaks and Ruptures)

Mode: LO.L 0.IKLR<O.3 0.3<CRRUF RUPTURE TOTAL
Wastage . q 4 2 0 3
Cracking a 0 0 0 e
IGA . 1 0 0 0 . 1
Pitting/Fretting 1 1 0 0 2
Incorrect Plug Loc. 0 0 0 B D
Tube Sheat Damage 0 | 0 0 0 0
Oenting a 0 0 0 0
Loosa Parts 0 Q 0 0 0
Fatigue | 0 0 o 0 0
Erosion/Corrosion 1 0 0 0 1
Unknown 1 0 0 0 1
Totals 4 2 2 0 3

LR = Laak rata in gallons per minuta



. Table A.6 Numbers of Steam Generator- Leaks and: Ruptures by Oegradatien .-
Mode i Babcock. and Wilcox Plants (38 Mature Years,

5Z Total Years. of Reactor Operation)

. -

UDegradatiom
Mode-

Wastage

Cracking

16A
Pitting/Fretting
Incorrect Plug Loc.
Tube Skeet Damage
Denting

Loose Parts
Fatigue
Erosion/Corrosion
Unknawn

Totals

.-
-

Number- of Events (Leaks and: Ruptuées)

LR<C.l =~ O KULR<0.3 (C.3<LR<RUP

LR = Leak rate in gallons per minute

a

0

0

1

13

RUPTUIRE TOTAL

0 Q
0 1
0 3
0 0
0 0
0 0
0 1
0 0
0 18
0 2
0 l
0 26



APPENDIX B. RISK ASSESSMENT GIVEN A STEAM GENERATOR
TUBE RUPTURE. EVENT IN A PWRa

INTRODUCTION: )

I arder- to aid i the development of value-impact studies for NRC
reconmendations dezling with steam generator tube ruptures (SGTR), the
folTowing risk assessment was conducted on a PWR similar to the Sequoyah
Nuclear Plant. Due to the time and resource constraints of the study, the
results are preliminary and are intended to provide some indfcation of areas
of concern rather than accurate detailed analysis.

The data base for this study was drawn heavily from the WASH-
1400(1) data base and the newer IREP study. Note that the IREP data base
primarily used the WASH-1400 data. The data for systems and components were

fnput. into a.network model of SGTR response. Results were tabulated for

four different release categories and for two types of plants. Release
categories for this event were divided into two types of core melt, a major
release and a minor release. The two plant types were a plant which could
not respond to an AFW failure or an ATWS and a plant which had sufficient
makeup and blow- dowm capability to handle the AFW failure with a2 feed and
bleed system and the ATWS with borated water injection.

Probabilities of the releases as well as public dose in man-REM
were determined for the different plants and release categories given that a
SGTR had occurred. The results and methodology are presented in the
following text. ‘

RESULTS SUMMARY

Based on the model developed for PWR response following a SGTR,
the probabilistic results for the four release categories ‘and  two plant
types are shown in Table 1. The first core melt category prebability s
dominated by total loss of power and AFW failure. The second core melt
category is made up of a PORV LOCA and no response, and 2 PORV LOCA with RHR
recirculation failure. The major and minor releases deal with secondary
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Table I. MNetwark ProbabilisticResults

Relaasa>

Core Malt FalTowing: SSIR
Core Malt Following. PCRY LOCA
Major Ralease

Minor Releasa

Plant With No
Fead & B8Taed

1.5 x 10-5
Z.1 x 10=-7
8.2 x 10-4
4.1 x 10-2

-

Plant With .
Feed & 8leed

4.9 'x 1!)‘6

2.1 x 10-7 -

3.2 x 1074
4.1 x 10-2

Tabla 2. Estimated Public Dosa (Man REM) From SGTR

Raleasa

Core Malt Following SGIR

Cora Melt Following PORV LOCA
Major Ralease

Minor Raleasa

Total

Dosa With No

Feed & Bleed

40.5
.2
2
9

31.8

3-2

Qosa With

Fead % Blsad

13.2
.2
.2
.9

14.5

!



side LOCAS and PORV LOCAS with contairnment effects. Note that these proba-
BiTities are conditional om the: SGTR initiating event and do not include the
SETR event: 11kelhood.. = - :

TahTe Z shows the estimated public dose frasr each of the
categories wefghted: by the: Tikelihood of the: refease givemr a SGTR.. The
first: core melt category was assumed to be simiTar to & WASH-1400 PWR
category & release. . The second core: meli: category is modeled 1ike: = PWR
category § release. The major- and minor release groupings are 1/10 and
1/100. of the release expected fromw a PWR category 7 core melt. Note that
the first core melt category dominates the results followed by the minor
release category. Also note that there is only a factor of between 2 to 3
difference betwean the two plant types. Thus for a SGTR, it appears that
feed and . bleed capability does not greatly decrease overall risk. Thesz
results are conditicnal on the SGTR initiating event as stated earlier,
Thus the expected man-REM would have to be multiplied by the probability
associated with the SGTR event, about 0.01-0.02.

0BJECTIVE

The objective of this task is to evaluate the risk to the public
given a steam generator5tube rupture event. The estimate of risk is
intended to be & best “estimate and no sensitivity studies or
uncertainty analyses are intended for this effort. Results of other
studies will be used where possible to reduce the size of this task. The
risk result can be used in other tasks to show the risk reduction benefits
of some of the recommendations. The major part of the work is associated
with defining the probability of different release categories following a
steam generator tube rupture. A second effort fs designed to relate
these release categories to public dose. At the end of these two subtasks,
the results of each will be combined to give an estimate of the risk given
this event. '

METHODOLOGY
"In order to define the probability of different releases following
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z steamr generator- tube: rupture,. 1t is necassary to evaluata systems and
operator responses: ta the event. It was falt initfally that event tree
methodalogy as used fm previous risk analyses weuld be applicahble ts this
effort. However, aftarpreliminary applications of theftachn'lugue,. it was
. found that many groblems arose: due t3 the structure of the event treas: A
mare general and Tess structured methodalogy was developed usting
techntques simiTar to PERT charts or- MARKOW model matrices. This technique,.
whichr wilT be referred tx as = network analysis, is very similar to event
trees but employs the analyst to brancly to thres or more sequences whers
avent trees generally allow two branches (success-failura) and the netwaerk
allows faor compaction of the display of the sequencas by aliminating
unnecassary system or avent options from paths which do not usa them.

' The networks were developed starting from a steaam generator tube
rupture event and prograssing through varicus operator and systam rasponsas
to end in four major releasa catagories. Sequencas which result in events
considered beyond the scope of this analysis wers left undaveloped. One
such saquenca is a recriticality event due to boren dilytion in the primary
from unborated secondary side watar., Thesa saquences are usually of lcw
probability and should not impact the rasult significantly.

The four major ralease catagories are as follows: (1) a core melt
with dominant release path through tha leak, (2) a core melt with dominant
release path through containment, (3) a major releass without melt, and (4)
a minor releasa of 1lesser {mpact than the third category. The first
category of core melt {s falt to be similar to the WASH-1400 PWR Catagory 3
releasa. This category 1s a core melt with no benefit of containment
radicactivity removal systems and an unisolated containment which is similar
to a staam generator tube rupture melt dus to the path through containment
which axists by nature of the event. This should be a bounding of the
consequencas becausa most of the releasa from the melt will not to exit
the rupture but should resids in containment. The second category of core
melt 1s modeled after the WASH-1400 PWR catagory 5 release which is a3 core
malt similar to category 4 but credit is made for contaimment radioactivity
removal systems. Since the inputs to this catagory are primarily PORV LOCAs,
the path through the steam generator is smaller than the path through the
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PORV ° and. thus most radiocactivity is diverted to contaimment. The third
category above is assumed to: be simiTar to the: WASH=-1400 PWR Category 8
reTease with a LOCA and unisalated: contaimment-but is gode-.l ed using & reduc—
tion: of the core melt: category T results.. The fourth category will be &
Tessar release: than: the third category. '

Thes estimated: doses for- the: releases were extracted from estimates
made by NRC. The major- and minor refeases will use I/10 and L/100° of
category 7 release doses.

The quantificatiom of the network was done using only the proba-
bility of failures in the sequences. This isa conservatism which should
not heavily impact the results and lends itself to rapid evaluations. The
data base used relied om WASH-1400 data, I[REP data, and engineering judge-
ment for events not covered in WASH-1400. Point estimates of failure
probability will be used rather than upper bounds on the data.

RESULTS

Figures 1 through 15 present the networks constructed f£or SGIR
response. Each figure has an input node and output nodes which are labeled
with tws letters and give text describing system or plant status. These
input and output nodes are shown in diamond shaped figures. No input node
has the same two letter code as any output node. Thus, transfers are not
shown in the network diagrams. The oval figures representing transitions
from the input node to the output nodes signify system or response success
or failure and in some cases, sSystem or response intermediate status. fach
transition oval {s uniquely labeled with a numerical code for identifica-
tion.

Each displayed network piece fs identified by a response label.
These response labels are functional definitions of the network piece and
are presented following the figure number. Functions in the network
analysis are as follows:

-5
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Figure 2. _
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Figure 3.
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Figure 4.
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Figure 7.
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Figure 8
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Figure 9.
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Figure 10, ,
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Figure 11.
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Figure 2.
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Figure 13.
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Figure 14. '
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Figure 15.
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Functions - Figure

Operator [nitial Diagnostics 1

- Contral. Rod Shutdownr of Reactor r A
Support System: Status 3
Safety Injectiom System Response: - ¢
Secondary Side Initial Response: 5,15 =
Primary System Pressure Control 3
Secondary System Pressure Control 7,8,1Z
Long Terme Coaling: 3
Operator- PORV: LOCA Ofagnostics: 10
Long Term LOCA Response 11
Feed and 8leed Response 13

ATWS Response . 14

Note that some functions are covered by more than one figure. 'This is due
to the relationship of certain functions to preceding events.

In Figures 13 and 14, an oblong figure is used as an intermediate
transition event. This figure i{s used to represent a definition or a
switch. It deals with the type of plant modeled and questions the ability
of a plant to respond to extreme events. The transition through the network
goes either one way or-the other and is not treated probabilistically at
these points.

In order to show the proper transfers from one figures' output
nodes to another figures* input node, Table 3 gives a compilation of all node
transfers. The table indicates the figure number along with the shown input
and output nodes. Below each figure definition is a listing of nodes which
transfer into the network and a code for each of the output nodes in order
to uniquely identify sequences. Output node codes which no longer transfer
are labeled with an asterisk next to them. Thus, any output node code which
is not starred will be shown as a transfer input node in another figure.

As an example of this process, we can start at Figure 1 and follew
a sequence to completion. However, it {is more interesting and useful o
trace a sequence endpaint back through the network to the dr1g1n. Thus,
look at Figure 11 output node code BR24. Input to this figure for this
particular result came from B024. In the Figure 10 listing, B024 came from
AX28. In the Figure 6 listing, AX24 came from AT8 which came from the

g-a
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TabTe 3. Definitions of Network Pathways
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3-22

OQutputs
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AF AG
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AF2 AGZ

Ad AK

AJL AK1*

AJ2 AKZ*

AJ3 AK3*

AJ4 AK4*

AJ5 AKS*

AJS AKG*
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ANL

AN2

AN3

ANG

ANS*

ANG*

ANT*

ANg*

AQ AR

AQL AR1

AQZ* AR2*

AQ3 AR3

AQ4* AR4*>

AQS ARS

AQE* ARG*

AQ7 AR7

AQS* ARS*

-
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-

AT1
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AT3
AT4
ATS
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AT7
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AT8

BREEH

AV
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AVI
Av4
AVS
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AVT
Avg
AVS
AV10
AVll
Avi2
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AV14
AV1S
AvV16

AV1T

AV18
AV1lS
AvV20
AV2
Av22
AvVZ23
Av24
Aves
AVZS
AVZ7
Aves
AVZ2S

it

Qutputs
Al: AX
AWL AXL
AWZ AXZ
AW3 AX3
AW4 AX4
AWS AXS
AWG AXS
AW7 AX7
AW8 AX8
AWS AX9
AW10 AX10
AWll AX1ll
AW1Z AX12
AN13 AX13
AWl4 AX14
AW1S AX15
AN16 AX1l6
AW17 AX17
AW18 AX18
AW1S AX19
AW20 AX20
AW2l Ax21l
AW22 AX22
AW23 AX23
AW24 AX24
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BE27
ge28
8E29
8E30
BE3l
BE32
BJ

BJ1*
BJ2*

BJ3*

BJ4r
BJS*
BJ6*
BJ7*

- gJg*

gJg*

8F1L BG1I

BFIZ = B8G61Z

gF1¥  BG13*

BFI4& BG4

BF1S: 8G1S

BFlE& BGI1E&
Qutputs

BF17 BG17

8F18 BGl8

gFle BG1¢

BF20 8G20

gFal BG2l

grF22 8622

BF23 BG23

BF24 8G24

8F2s 8G2S

BF26 BG26

BF27 8G27

BFZ8 BG28

BF29 8G29

BF30 8630

BF3l 8G31

BF32 8G32

&K

gK1*

BK2*

gK3*

BK4*

BKS*

gKE*

BK7*

BK8*

BK9*

g-2§

BHIL
BHIZ
BH]3
BH14
BH1S
BH1E

BH17
BH18
gH18
8H20
BH21
BH22
BH23
BH24
gH2S
BH26
BH27
gHag
BH29
BH30
BH31
BH32
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Figure

(Cont)
9

Shcwn
Inout
3l

AN
AV2F
AV3L
AZL
ALZ
A
AZ%

Transfer
Tnput

BEEEE

3J10*
8Jil*
841z
313>
BJI4>
BJ1s*

8J16+

BJl7*
BJ13*.
8Jis*
8J20*
3J21*
3J22*
g3~
8J2s>
8J25*
3J26*
8JZ7*
BJ2g*
8J2g*
3J30*

BJ3l*

BJ3z*
8J33*
3J34*
3J35*
3J36*
BJ37*
3J38*
8J3g*
3J4c*

BK10*
BK11*
8K1z*
8K13*
8K14+
BK15*
BK16*

Qutputs
3K17+*
8K13*
BK1s*
BK20*
8K21*
3Kaz*
3K23*
BK24*
BK25*
3K26*
BKZ7*
BK28*
BKX29*
BK30*
3K31*
3K32*
BK33*
8K34*
BK35*
BK36*
8K37*
3K3g*
3K39*
8K40*
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Figure
(Cont)

Shown
.- Input

g813
8B14
8815
8816
8CL
BCZ.
BCI:
8C4&
8C5”
8Cs
Transfer
Input

9

BI

8C7
8c8
BCS
BC10
BC1L
8C12

- BC13
8C1&
BC1S
8C15
BE1
BE2
8E3
BES
BES
8ES
BE7
BES
BE9
BE10
8E11
8E12

BJ41*
BJ42*
Bu43*
By44*
8Jasx
BJ46*
8347+
BJ48*
8J49*
BJSO*

8J51r
BJSZ*
BJS3*
BJS4*
8J5s*
BJS6*
BJS7*
BJsg*
BJss*
BJ6O*
BJ61*
8Je2*
BJE3*
BJ6a*

BJ6S*

BJ6E*
BJE7*
BJ68*
BJES*
BJ70*
8J71*
gJ72*

BR4L*
BK42*
BR43*"
BK44
BK4s*
BK46*
BK47
BK4g*
BR4g*

BKSO*

Qutputs

BKS1*
BKS2*
BKS3*
BKS4*
BKSS*
BKE6*
BKS7*
8KS8*
BKEg*
BK&0*
BKE1*
BKE2*
BK63*
BKE4*
BKES*
BKE6*
BKE7*
gKxeg*
BKE9*
BK70*
BK71*
BK72*
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Figure

(Cont)

9

Shown

Inout

BE1I
8EIS
gElS
BEl&
BEIT
BEIZ
BEIS®:
BE2Q
8E2L
8E2Z
3E23.
gE2¢
Transfer
Inout

3

3E25
3E28
BE27
BE23
BE29
8E30
BE3L
BE32
BF1
BF2
BF3
BF4
8F3
8F§
BF7
8Fs
BF9
8F10
BF11
BF12

3J73*
BJ74>
BJ75%

+ BJ76%

BJ77=
BJ73*
8J73>
§Jsg*
BJ8I*
3Jgzr
8Ja3*
3Jg4r

3J35*
8Jg6*
BJa7*
8Jsg*
3J89*
34>
BJ9lr
8Jg2>
8Jg3*
8J34>
3J95*
BJg6*
BJ97*
8Jsg*
3J95*
8J100*
8J101*
3J102*
8J103*
8J104*

BK73*
BK74*
BK75%*
BK76*
BK77%*
8K78*
8K79*
BK8g*
BK3I*
gKaz»
8K33*
3K84*

P

Qutouts
8K85*
3K86*
8K37*
BK8g*
BKag*
8KS0*
gKI1*
8K92*
BKI3*
BK94>
BK95*
3K96*
3K37*
3Kag*
BK9g>
3K100*
8K101*
BK102*
8K103*
3K104*
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Figure Shown
{Cont) Input
9 BL

8F1IX
BF14-
BF1S
gFie

EFiE

- BFX
BF2L
BF2Z
BF23
8F2¢
BF2s
EF26

Transfer .

Input
8F27

BF28
8F29
BF30

BFIL |

BF32
8Gl
8c2
863
BG4
8GS
BGS
867
BG8
e
8610
8G11
gel2

8J10s*
BJ106*
BJ107%
BJI08*
gJ109*
BJ1I0*
BIIII*

- BJlI2-
BJ113*

BJll4*
8J115+
BJ116*
8J117*
8Jlig*

8J11s*
8J120*
BJlzlr
gJ122~
BJ123*
BJd124*
8J12s*
BJ126*
BJ127*
BJlzg*
BJ129*
8J130*
8J131*
BJl3z2v
BJ133*
BJ134*
BJ13s+
gJlig*

BK105%
BX106*
BKIOTF
BK108%
BKI09*
BK1I0%
SKILL*r
BKI12*
BK113*
BK114*
BK115%

BK116*
BK117*

BK118*

Qutputs
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BK120*
BK121*
BK122*
BK123*
BK124*
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BK126*
BK127*
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BK130*
BK131*
BK132*
BK133*
BK134*
8K135*
EK136*
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(Cont)

Shown
Input

8G13
BGI4-
8GlY
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8817
861
3GIF
:{c700 o
8G2T
8G2Z
3623
8G24
8G25
3628
3827
8628
Transfer
Inout

9
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3G30
8a3l
8632
BH1
842
8H3
BH4
8H5
BHE
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3H8
gH9
3410
L
8H12
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BJ13s*
BJl3g*
BJ140*
BJI4L*
BJlaz~
BJI43*
8J144»
8Jl4e*
3J146+
3J147+
8Jl4sr
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8J1s52~
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8J1s6*
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BJ1sg*
BJ133*
3Jis0*
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BJ167*
8J1sg*

8KI37*
8K138* .
8K13s*
8K14Q>
BKI4L*
BK142+
BKI43*
BKI44*
8K145*
8K146>
BK147*
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3K145*
8K130*
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8K152*

Qutouts
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3K154*
BK155*
BK1s6*
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8K133*
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3K153*

8-30

it

1]

1



Figure Shown
{Cont) Input
g BI

BHIZ
BHI4
BHIS
BHISE
BHIZ
BH1E
BHIT
BH2O:
BHZL
BH2Z
BH23
BH24
BH2S
gH26
BH27
BH28
BH29
8H30

Transfer

Input
BH3l
BH3Z
BN1
N7
BN13
BN1S
BV
Bv2
BV3

71
BVS
gve
BV7
BV8

BJ169*
8J170*
BJI71
BJi72*
8J173*
BJ174>
BJI75+
gJ176*
BJ177*
gJ178*
BJ179*
8Jlgor

. 8Jl8l*

8J182*
BJ183*
8J184*
gJ1gs*
BJlge*

" gJ187+

BJ188*
BJ1gg*
8J190*
BJ191*

~ BJlger

8J193*
BJlg4r

8J195¢

8Jloe*
8J197+
BJ1gg*
BJ19g*
8J200*

BK163%
BK170%
BK171¥
BKI72*
BK173*
BK174* -
BK175+
BK176%
BK177+
BK178*
BK179*
8K180*
BK181*
BK182*
BK1e3*
BK184*
BK185*
BK186*

Qutputs
BK187*

BK1gs*
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BK190*
BK191*
BK1g2*
8K193*
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BK1s6*
BK197*
gK19g*
EX199*
BK200*
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Figure

§Cont}
9

10

Shown

Input
31

8L

3ve
8vig
8vil
gviz
VLY
8Vi4&
BVis
gVig
WL
8W2
3W3
344
BWS
8W6
3w7
B8
BW9
BW10
BwWll
8Wl2
Transfer
Input
8W13
3W1l4
3Wl1s
8W1s

AX1
AX2
AX3
AX4
AX5
AXs
AX7

3J2oir
BJ202*
34203+
BJ204+
8205+

- BJ206*

8J207+
84208+
8J209*
3J210*
3J211*
3J212*
84213*
8J214~
3J215*
3J215*
3421~
8J213~
3J219*
8J220*

BJ221*
8J222*
BJ223*
BJ224~
3M
3ML*
3M2*
3M3*
3M4>
aM5*
BMe*
M7+

8K201*
BK202%

BK203* -

8K204*
8K205*
gK206*
8K207+
8K208*
3K203*
3K210*
8K211l*
8K212*
3K213*
3K214*
3K215*
3K215*
3K217*
3K218*
2K219*
3K220*

Qutputs

8K221*

BK222*
3K223*
3K224*
3N

BN1
8N2
BN3
8N4
8N5
3N6
BN7
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AXg: BMg*  BN8 808
AXS BMa* = BNS B0g-
AXIO EMIO* BN1O° 8010 =
AXIL BMIl* BN1L 8011
AX1Z BMI2» ~ BNIZ B01Z
A BMI3* BNIZ BOIX
" AX14- BMI4* BNI4- BO14
AXIE BMIS» BN1E BO1S
AXIE gMIe* BN16 BO16
ARX17 BM1T* BN17 8017
AX18 BMIS* BN18 8018
AX1S gMI9* BN19 8019
AX20 BM20* BN20 8020
AX21 BM21* BN21 go21
AX22 BM22* BN2Z 8022
AX23 BM23*  8N23 8023
: AX24 BM24*  BN24 8024 A
11 ge 8Q BR BS 8T
801 8Ql*  BR1* BS1* BT1*
g0z BQ2*  BR2* gs2* gT2*
803 BQ3*  BR3* gs3* BT3*
804 BQ4r  BR4* BS4r 8T4*
Figure  Shown Transfer

L

(Cont) Input Input Qutputs
11 8P BOS BQs* BRE* BS5S* gTS*

8Os BQe*  8RE* Bse* 8T6*
807 BQ7*  BR7* ~ BS7* BT7*
gos BQ8*  BR8* gse* gT8*
809 8Q9*  BRS* gsg* BT9*
8010 8Q10* BR1O* BS10* 8T10*
E011 BQll* B8R11*  B8Sli*  BTll*
8012 8Ql2* BR12*  B8Sl2*  BTi2*
8013 BQl3* BR13*  BS13*  BT13*
8014 BQl4* BRI4*  BS14*  BT14*
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3015  8Ql5* BR15* 3S15+  BTI5*
8016 BQl6* B8R1S* . BS15*  BTIS*
8017 8Ql7* BR17* BSI7*  BTI7*:
8013  3qQis* GBR13*  B8S1g* “BT3-.
8019  BQle™ SRIS* B8S19*  BTIo>
8020  BQ20™ BR20* 8520  BT20*
802L  8Q2I* BR21* BS2i*  BT21*
302Z  BQ22r BR22*  B8S22*  3T22*
3023 8Q23* B8R23*  B8S23*  3T23*
3024 3Q24* 3R28*  3524* 3T
3Y1 3Q25* B8R2S*  8S25*  3T25*

8Y2 8Q26* 3R28*  3S26* gT25*
8Y3 8Q27* 3R27* 3s27* gT27*
3Y4 3Q28* 3R23*  3323* 3T28*

3Y5 8Q2s* 3R29*  3S29*  3T29*
3Ys BQ30* 3R30*  3530*  3T30*
3Y7 ' 3Q3l* B8R31*  3S3l*  3T3l*
Y3 3Q32* BR32*  3S32*  3T3I2*
31 8Q33* BR33*  3S33* 3T
32 8Q34* 3R34*  3S34* 3T
33 BQ35* B8R35*  8S35*  3T25*
€84 -~ 8Q36* BR3G*  3336*  3TIH*

12 BY 3V BW

AV2 avi 8wl

Figurse Shown Transfar

(Cont) Input Lnout Qutputs
12 3y AW2 8v2 3W2
AVS 3V3 BW3
AW 8v4 W4

AVIS 35 3NS
AWI4  3V6  3WS
V20 V7 3w?
AW20 v 3ws
AVZS  3V9  BW9
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Aveg
AV3Q
AVIZ

BN
BNI&~
BN2x

AL

AP3
APS
APT

CF2
CF3

CFé

Al3
A3
Al&
AJS

AM7

8via
8vViL
A pba
BVIZ
BVi&

BVIE .
BVl

gy

BYL
BYZ
BY3
BY4
gYS
BYE
BY7
8Y8

(-}
€82
€83

BREAE

CEd

gWlQ
EW1L
EW1Z

BMIT

BW14
BWIS
BWl6:
8Z

8Z1*
BZ2~
8Z3*
BZ4*
8Zs*
BZ5*
BZ7*
pz8*

cCl+
cee

ccar
rFl
cF2

CF3
crd
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Figure 5 Tisting and AN4 from Figure 4 and. AJZ from F1gur& 3 and AFL from
Figure Z and AB froar Fiqure I. Thus we have 2 sequenc&

AR-AB.‘-AE'-AJ-AN-AT-AX-BO-BR

(Y]

-
-

This corresponds to x SGIR with the operator aware of the SGTR, with a
faiTure to scram but the operator- runs im the contral rods, and a'loss of
cne traim of support systems, and ng additional ST pumps cam be started
Teaving only the reciprocating charging pump running, and the 'cperator
isolates the output of the failed staam. generator but does not isolata the
steam feed to the AFW turbine driven gump from the failed staam generator,
and the AFW is responding, howaver the operator reducss primary pressurs via
the PCRVs which stick open, and the operator attampts to start the RHR pumps
for injection now that he has an additiomal and larger LOCA but he cannot
and the core melts dua ta fnventory loss. Any endpoint node can be tracad
back and a similar sequence constructad.

Having defined the saquences in this manmer] the networks next
must be quantified. Table 4 Tists the node to node transition probabilitias
for the networks. Success probabilities are simply shown as probabilities
aqual to 1.0 for ease of solution. Tha description portion of the table
gives a code nama to events and a briaf description of the assumptions or
success critaria behind the valua and a reference for the data used to
derive the result. Transitions which are dependent on full or half support
systen availability are listed twica and labeled. Systam failure
probabilities below 10-3 are given a common mode failure probability of
10-5. Operator error is assumed to be 10-2 for this study.

A sumary of the network probabilities from input node to output
node is given in Tablae 5. Oistinction is made for full and half support as
#well as feed and bleed and ATWS response options.

Solving all sequencas of the natworks and collecting similar
releasa sequences lead to the rasylts shown in Table 5. Sequences leading
to core malt are presented first with an additional split between PCRV LOCA
melts (category 5) and other melts (catagory 4). End node labels are shown
to identify saquences. In the major and minor raleasa catagories, dominant

B8-36



nodes (nodes which determine release) are: displayed as: well as end nodes.

Table 7 is shown to give the estimated public doses associated
with different release categories from WASH-I400. This data is used with
the results from Table € to develop the results im Table- 2. =

REEERENCE ‘ :

(1) WASH-I400, MURES 75/01%, Reactor Safety Study, an Assessment of
Aectdent Risks i U.S. Commercial Nuclear Power Plants, October 1975.
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Table-+. Probabtlity Data 3ase for Netwafk

F‘lgt_x‘ re  Node to Nede

L

Figure

(Cont)
2

Probability
AA- zZ 1.0
AA I LIixlgZ
Zz I L.Cxlo-Z
Z AR LQ
ko & ICX
ko F LIisgslo-Z
& § LO=x10-2
4 § Qg
4 T LI x 10-2
5 AC 1.0
§ 7 1.0 x 10-2
8 A8 1.0
7 3 1.0
7 3 1.1 x 10-2
8 3 1.0 x 18=2
8 A3 1.0 .
9 10 1.0
9 11 1.1 x 10-2
10 11 1.0 x 10-2
10 AB 1.0
11 AC 1.0
AD 15 1.0
AD 186 3.6 x 10-3
15 19 1.0
15 20 1.7 x 10-5
156 17 1.0
15 13 1.2 x 10-3
17 19 1.0
17 20 1.7 x 10-5
Node to Node Probability
18 21 1.0
18 22 1.0 x 10-2
19 AE 1.0
20 21 1.0

Descriotion
INSTR/CAL = 350° hr- faspection intarval,

3.L x 165, IREF
OE - operator error, assumption

INSTR/CAL.
E
INSTR/CAL
CE

INSTR/CAL
QE

INSTR/CAL
CE

RPS -« WASH-1400

RODS -« 3 rods fail to insart, WASH-1400
MAN/SCRAM - switch and circ. brsakar
(l-of-2 twica), 1.0 x 10-3 and

1.0 x 10-3, IREP

AQDS

Sescriotion

ce
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Figure

gContz
4

2B HEIEINDSH

5§88

41

SEFHEERA

27

FRABEAAN

45

41

42
43

a5

45
45

RREAR

28
) §

Node to Node

32

1.0 x 10-2
La
I.0
La
4.8 x 10-4
Lo
L& x 10-3

1.0 x 10-5
100
7.2 x 10-2

1.0 x 10-2
1.0
3.6 x 10-3

1.0 x 10-5
1.0
1.8 x 10-3
1.0
1.0
1.0
1.0
1.0
3.6 x 10-5
1.0

Probability
1.0 x 10-5

OE

-
-

LOSF = 2¢ hours, 2.0 x 10-5/hr, WASH-1400°

RUN/SUPF = I-of-Z trains, pump,. 24 hours,
3.0 ¢ 10-5/hr, IREF
RUN/SUPF *= 2-0f-2 trains, “common mode®

DIESEL - l-of-2 diesels, start, run 1
hour, battery (30 days), 2 check valves,
MOV, 3.6 x 10-2, IRE?

OIESEL - “"common mode*, WASH-1400

START/SUPP - l-of-2 trains, pump, run 24
hours, start, check valve, 1.8 x 10-3, -
IREP

START/SUPP - 2-0f-2 trains, “common mode"

START/SUPP = l-of-1 train

RPS - ESFAS simflar assumption

Description
FULL Support - Pump - 4-of-4, rum, start,

2 MOV, 2 check valves, 4.0 x 10-3,

' -39



IREP,. “commaon moda*

rsg 3 1.5x10%F AL Support - Pump - 2-f'-2
28 23 I.a - .
22 30 L.l x 10~%  MAN/SWITCH - switc!r, relay, 1.0 x 10-9,
1.0 ¢ 10-4, IREP
2F 3L La
2% 3Z 1.0%10~F FULL Support - Pumy - 4-of-4, “common
mada™ '
9 3Z 1.6 x 10-F - HALF Support - Pump - 2-of-2
30 3 1.0 ~
30 34 1.0 x10-5  FULL Support - Pump - 4-gf-4, "common
mode” :
30 34 1.5 x 10-5  HALF Support - Pump - 2-0f-2
i1 AM 1.0
32 33 1.0
32 34 1.0 x 10-5  FULL Support - Pump - 4-of-4, “common
' mode” :
32 33 1.6 x 10-5  HALF Support - Pump - 2-0f-2.
3 AM 1.0
34 AN 1.0
) AQ 50 1.0
AQ 51 1.2 x 10-3 RYS - l-of-4, 3.0 x 10-4, IRE?
50 52 1.0
50 53 1.0 x 10-5  FULL Support - Pump - 3-of-3, "common
moda”
50 53 2.8 x 10-3  HALF Support - Pump - 2-0f-2
51 52 1.0
51 53 1.0 x10-5 FULL Support - Pump - 3-0f-3, “"ccmmon
mode®
51 53 2.8 x 10°5  HALF Support - Pump - 2-0f-2
52 34 1.0 x 10-2 Qg
52 57 1.0
Figure
{Cont) Node to Node Probability Descriotion
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66
67
69
70
AY
AY
74
75
75

a3 34

79

gl
80
B8O
74
74
75
75

SRRREERBYYRA

AV
€9
70
AW
AX

AW

74

d33Ra

80
81
gC
BA
gs
8C
74
78

78

78

AERBPARBESR

1.0

1.0

.G

.0 x 10-Z
L.g

Lo

.o

L0 x 10-Z
I.0

g

1.0

3.0 x 10-2
1.0

1.0

1.0

1.0

1.0

1.0 x 10-2
1.0

1.0

1.0 x 10-2
0

. 1.0

1.0 x 10-2
1.0
1.0
1.0
1.0
1.0
1.0 x 10-2
1.0
1.0 x 10-2
1.0
1.0 x 10-2

0E

0E

Assumption

RV/CLOSE - l-of-3, 1.0 x 10-2, IREP

V3

OVER/RUP - estimate

Assumption

RV/CLOSE

0E

OVER/RUP

OVER/RUP
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Figure

( Cont!
g

10

1

7
g
14
[f: 8
17
gx
3L
8L
8I
¢
3I
9l
92
]S
8L

96
9
37
97
98
98
93
99
100
100
101
102

'102

104
105
3P

Node to Node

8Q
3L
8F

B&
BE
8H
8F

211
91
4
92
3d
3K
96
37

97
102
98
39
99
102
100
101
101
102
g™
104
105
BN
80
108

Probability

s &
L0 x 10-2
1.a
.o
Lo
I.x
1.8
1.0
1.0
1.6 x 10-5
4.0 x 10-3
1.0
1.0
1.0
3.5 x 104

1.0 x 10-2
1.0
1.0
1.1 x 10-2

1.0 x 10-2

1.0
1.0
1.1 x 10-2
1.0 x 10-2
1.0
1.0
1.0
1.0 x 10-3
1.0
1.0
1.0

Descri ption

-
-

RV/CLOSE

"

b

FULL Support - Pump - 2-0f-2
HALF Support - Pump - l-of-l

INSTR - 350 hr inspection intarval,
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.Table: §. Results Summary

Core Melts =
Probability Giverw SGTR For WASH-1400
Low Rasponsa H{igir Response Raeleass

Jascription Node Plant Plant* Cataqory

Total Power Loss AK 4.8 x 108 4.8 x 10-8 34

Low Makeup - No [solation AN Q 0

Recriticality BA 0 0

PORY LCCA - No Response a¥ 1.3 x 107 1.3 x 10-7 5

PORY LOCA « RHR Inj Fails 3Q 0 )

PORY LOCA - RHR Recire Fails 3R 3.0 x 10-3 3.0 x 10-3 5

AFW Failure . 32 1.0x10-5 1.0 x 10-7 4

ATWS cc 1.0 % 10-9 0 4

AFW Failure - ¥o SI ) 0 o

Low Makeup - No [solation AQ 0 0

Low Makeup - No Isalation AR 0 0

Totals  Category 4 1.5 x 10-5 4.9 x 10-6
Category 5 2.1 x 107 2.1 x 1077

*Low responsa plant cannot feed % bleed and cannot survive ATWS.
High rasponsa plant can feed & bleed and can survive ATWS.
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Tahle: 6. Results Summary (Continued).

Probahility Givemr SGTR For
Dominant: End  Low Response High Response

-~ Description Node- Modes Plant Plant Release

High Press Pri - Sec LOCA 8F B8J, BK 8.1 x10-4 8.1 x 104 Major
High Press Pri - Sec LOCA- 8G. BJ, BK 8.1 x 10-6 8.1 x 106 Major
Feed '

PORV Like LOCA -Unisol CMT 8T BT 9.0 x 108 1.2 x 10=7  Major
High Press Pri - Sec RV Use BE BJ, BK 4.0 x 10-2 4,0 x 10=2  Minor
High Press Pri - Sec RV Use- B8H BJ, BK 4.0 x 10-4 4.0 x 10-4  Minor

s

Feed
Low Press Pri - Sec LOCA-Feed BC B8J, BK 2.0 x 10~4 2.0 x 104  Minor
PORV Like LOCA - Isol CMT BS 8S 3.1 x10-5 4.1 x 10-5  Minor
Totals Major 8.2 x 10¢ 8.2 x 104
Minor 8.1 x 102 4.1 x 1072
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