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FOREWORD

This report presents a value-impact amalysis_of twelve rugulateory
requirements related to steam generators which are under consideration by
the: NRC staff for imposition onm the operators of pressurized water reactors.
The purpose of the-analysis is to assist the NRC staff in preparation and
suppert of its petiticns for appraval to the Committee for the Review of

fgge‘rg cRequirements,. ta other NRC organizations, and tg the Commissionm
elf.

The tube rupture event at the Ginna plant on January 15, 1982 was
the immediate impetus for these requirements. However, the Oirector of the
Office of Nuclear Reactor Regulations, in directing the preparation of
these requirements, intended that they also encompass actions appropriata to
the resolution of unresolved steam generator issues that have been
2utstand1?? for a lorg time, in particuiar Unresolved Safaty Issues A-3, A-

, and A=5.

The requirements addressed here were originally described in the drafe
report “NRC Recommendation Concerning Steam Generator Tube Degradation and
Rupture Svents*®. Subsequent modifications were statad in an NRC memgrandum
concerning 2 meeting with the Steam Generator Owner's Group and ather
industry representatives and in NRC working papers. These latter documents
defined the requirements as they are analyzed here. SAl analysts attended
the meeting between NRC and the industry as observers and have had many
meetings and interactions with the NRC staff in the course of the analysis.

It should be noted that the requirements addressed herein are only
a subset of the total set of requirements being proposed. Since the valyas
and impacts of varicus requirements are not necessarily independent, some
further analysis may eventually be needed.

SAI undertook to perform this analysis in a very shert tiile fabcut
10 weeks) relative to the complexity and scope of the issues invol:ec. it
was necessary to focus heavily on three areas of values and impacts tnat
were perceived at the outset to be of greatest importance. These wéra risg
of radiation exposure to the public, occupational exposure t3 nlant workers,
and economic benefits and costs to the utilities operating the 2¥fected
plants. We also present many of our results on the basis of a
“represenative® plant described by industry-average paramenters and 2% years
remaining 1ife; whenever possible, however, we attempt t0 sngw the
variability of values and impacts among piants. Although additional time
would have allowed more attention to detail, we don't believe it would have
had much effect on our conclusions and recommendations.
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EXECUTTIVE SUMMARY

1.Q STUDY' PURPQSE ANO SCOPE .=

"

The NRC(L) has proposed twelve general action items to be imposed
upor: PR Ticensees in order to improve: steam generator performance relative
tx Teakage and: tube rupture rates. These items have beer evaluated on the
basts of a value-impact analysis(Z) using thres major criteria of evalua-

tion: economic benefits and costs, public risk, and occupational radiation
exposure, :

2.0 APPROACH

The analysis has been quantified to the extent possible dy the use
of available data. "The limits on effectiveness of the proposed actions have
been established by historical data. That is, the proposed actions have
been related to the known historical failure modes to establish the maximum
range of effectiveness of these proposed actions.

Consideration has been given to the effect of combinations of
proposed actions and the marginal benefits of individual actions within
combinations. Finally, expert opinion from within the nuclear indusiry and
the NRC has been factored into the conclusions drawn in this report.

(1) T. Iopolito (NRC) to G. C. Lainas (NRC), Memorandum, "Forthcoming
Meeting with Steam Generator Owners Group - ?ropossd G2neric
Requirements”, July 22, 1982.

(2) S. H. Hanauer (NRC) to NRR Division Directors {(NRC), Letter
transmitting "Procedures for Transmitting New Generic Requirements o
the CRGR; Enclosure 2: NRR Office Letter No. 16, Revision L
Instructions for the Preparation of Value-Impact Analyses”, February
23, 1982,
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1.0 MAJOR CCNCLUSIONS

Cost has emerged as the most significant evaluation critarion.
Cost vartatiom among the proposed actions Vs significant, and significant
cost savings cam be realized withr the more promising actious.

Puklic rtsk from steamr generator tube: rupture was assassed. and
found tx ber sa Towe that it has a completaly negligible contributiom to the
v2lue~-impact comparisons.

Occupaticnal radfatiom exposure can be significant and for most of
the actions has a generally favorable value-impact ratio, but for avaluation
purposas it is not generally significant compared to costs.

Of the actions evaluated the sacondary watar chamistry progranm
proved to ba the most affactive. Tha sacondary side QA and visual inspec-
tion for loosa parts and impraoved steam generator insarvica inspection pro-
grams, including addy current tasting, ara alsg affactive., Thesa rasults
are quantifisd in the naxt section.

4.0 RESULTS

Table 1 summmarizes the naet benefits of all tha proposed actions.
Generally tha demarcation batween affective and ineffectivae actions is very

clear. GEssentially there are no questionable actions based purely on valua-
impact.

Those which are praventive (1 and (5,5)) and thosa wnich are
diagnostic-preventive, meaning that pravention is contingent upcn succassiul
diagnosis of an incipient flaw (itams 2, 3 and 4), ar2 generally more
affective than thosa which are primarily or axclusively mitigative (3, ¢, Ll
and 12) or thosa which ara studiss (7 and 10). 'With the axcaption of &,
upper inspection norts (and the LPMS portion of 1B, which is inaffactive in
a marginal sensa), all ineffective proposad actions are mitigative or study
type. If the prefarred actions are implemented then the marginal benafits
of implamenting mitigative actions decrsase even further becausa their
benafits dapend on 2 minimum rata of undasirabla svents. Therefore, %there
1s added justification for their axclusion from implementation.

£S-2
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The marginal benefits of implementing any additional actions de=
crease, of course, with each addition. Table L shows the effect of the

combined implementation of all six pre'»;enti ve gr pre\fentive-diagnost'ic type

actions, and this is compared with the combination of she four most effective
propesed actions. The four actions (secondary side IST and QA for loose
parts,. general ISIL, fmproved eddy current testing, and secondary water

chemistry program combined with condenser ISI) provide: essentially the same
tatal economic benefits available from the twelve proposed actions.
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Executive Summary Tabla L
Effectivenass of Proposaed: Actions

Proposed Action®

L 3. Secondary Stde Insar-
vice: Inspectiom and QA
for Loosa Parts

b. Secondary ISA, QA and
Loosa Parts Monitoring
System (LPMS)

2. Insarvica Inspection

a. Full-length tube ISI

b. 48-month [SI interval
¢. Supplemental Sampling
d. Denting menitoring

2. Unscheduled ISI

f. Reporting

3. Improved Eddy Current
Tasting Techniques

4. Upper Inspection Ports
(UIP)

Net
Benafitd

-

2-2 - 207

4.1 - 4.3
1-1 - 5.4

0.4
Q0 -5.5

Negligible

-
-

W

Effectivenass/Comnents

Vary Effactive

LPMS independantly affac-
tive but not recommendad
since marginal imorovemant
over la, abova,is
negligible or negativa

Generally thes3 are very
agffactive

Can be vary affsctive

Ineffactive or margina’ at
hast (aven for S3s in
fabrication)

a Thase ars dascribad in Rafareanc2 1 of this summary and in dataii in
Saction IV of the main raport.
b Cost dominatas value-impact results ralative to ORE and public risk.
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Executive Summary Table 1 (Continued) )

) Net ~ - :
Benefith -
Propocad: Actiand (& 106) Effectiveness/Comments
g. (With 6) Secondary Water 40-240 This is the most effective
Chemistry Program (SWCF) of the proposed actions

combined with- Condenser
Inservice Inspectiom
Program (CISIP)

7. Tube stabilization and Not applicable
monitoring (Study)

[neffective
7. Implementation of Stightly
Results of above study negative
8. Primary to Secondary Negligible or Marginal or ineffective
Leakage limits negative
§. Coolant lodine Limits Negligible Ineffective
10. Reactor Coolant System Not applicable
Pressure Control (Study)
Ineffective
10. Implementation of Results  Negligible _
of above study g
11. Safety Injection Signal Negative [neffective
Reset
12. Containment Isolation Negative Ineffective
and Reset

a These are described in the im Reference 1 of this summary 2nd in detail
in Section IV of the main report.
b Cost dominates value-impact results relative to ORE and public risk.
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Executive Summary Table- 1 (Continued)

-
-

Nat
Combimations o 8enafi tu
Proposad Actions® (£ 105)
[tems 12, Ib, Z,. 3, Fand Up to

(3, 5) above, im combinmatiom 43-258

[tems la, 2, 3 and (5, §) Up to
abave, in combination 43-258

-
-
-

Effectivenass/Comments

Thesa ara all the
preventive type actions

These four actions praovida
2ssantially all the nat
Benafit availabla

a Thesa ares described in Refarence 1 of this summary and in detail in

Section [V of the main report.

5 Cost dominatas value-impact rasults raelative to'ORE and public risk.
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SECTION I.. INTROOUCTION-

This introductiomr is intended to T:rese,a.t the reader with
background informatiom concerning bothr the value-impact analysis itself and
the: subject of the: analysis, steam generator tube- rupture (SGTR). Each of

the subsections below {s exerpted verbatim from the referenced NRC
documents.

1.0 VALUE-IMPACT ANALYSES*

Value-impact analyses shall be performed for each significant
change in requlatory requirements to demonstrate that all significant alter-
natives and considerations were identified and weighed. The alternatives
and considerations to be weighed include all the values to be gained, such
as contribution ta public health and safety and reduction in environmental
damage,and all the impacts that result, such as increased risk to slant
operators, increased environmental damage and increased costs. A value-
impact analysis should not be construed to mean that cost considerations
take precedence over considerations of health, safety, or national security.
These factors remain paramount. Cost, however, is an important factor in
many regulatory matters and must be a prime consideration when there are
alternative means of achieving desired levels of health, safety and national
security. '

Value-impact analysis as interpreted by the staff is essentially 2
technique equivalent to benefit and cost analysis, or cost effectiveness
analysis. The term value-impact was introduced at NRC to dispel certain
connotations associated with the other terms. Benefit-cost analysis, in
particular, is often misconceived as & process of reducing all factors to 2
common dollar form. This, the staff felt, was tco restrictive, and
therefore the terms value and impact were recommended and designed to

* Excerpted verbatim from Article 1 - Statement of Work, Contract No. MRC-
03-82-131, *Instructions for the Preparation of Value-Impact Analyses,
NRR Office Letter No. 16, Revision 1*; Enclosure 1, pp. 1-2.

I.l.l
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Ynclude noncommensurablaes, and vartablaes that are nonquantifiable or
nonmaasurable. Thus, 1t was balfaved that the naw: tarms would allow for
anzlysis ta incorporata very important but nonquantifiabte judgments. of the
staff and other axpart parties. [t should be nofad, howaver, that cost-
benefit and cost-effectivanass analyses, properly conducted, have just as
broad a scope as that envisioned by the staff for value-impact anmalysis.

Proposed actions to wirichr these instructions apply include the
fssuance off ceeeeeee - 12w and: amended: Ragulations, and Commissions papers
involving a potantial change in reguTatory raquiraments or PoliCY cecseces
However, licansing revtews for-CPs and Q1s have, in tha past, exhibitad a
tendency for ascalating regulatory raquirements through raintarpratation of
rulas, guides and raview procadures. Such escalations sometimaes have 2
considerabla impact with littla parceptibla gain in plant safety. To control
this tendency, all significant daviations or dapartures should b2 subjectad
to value-impact analysis just as though thay wera proposad naw guides or
branch.positions. The fact that thay are appliad on cas2 raviaws is not
causa for axemption.

2.0 STEAM GENERATOR DEGRADATION*

Degradation of steam generators (SG) manufactured by 2ach of the
threa pressurized water reactor (PWR) vendors has rasulted from 3 combina-
tion of staam generator mechanical deasign, thermal hydraulics, matarials
salection, fabrication techniques, and sacondary systam design and opara-
tion. To date, many diffaerent forms of st2am genarator dagradation have
been identified, including: stress corrosion cracking, wastage, iantargranu-
lar attack, denting, erosion-corrosion, fatigue cracking, pitting, fretting,
support plata degradation, and mechanical damage due to impingemant of
foraign objects or loosa parts on stzam generator intarnal components. {ne
or more of thesa forms of degradation have affactad at 12ast 40 oparating
PWRs and have resulted in extansiva SG inspections, tube plugging, ~epair or
replacament,

* Zxerptad varbatim from Article 1 - Statament of Work, Contract No. NRC-
03-82-131, "Value-Impact Analysis of Racommendations Concarning Staanm
Generator Tube Dagradations and Rupturs Events”; contract with Scianca
Applications, Inc.

Iol-z
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The majority of the: SG tube failures that have:occurred.undér '
normal operating conditions were small stable Teaks sometimes requiring
pTant-shutdowrm, inspection, and corrective actjons, but for the most part
smalT encugh (e.g.,. beTow technical specificatiom leak rate Timit) that
operations continued until & scheduled: shutdown. However, four significant
SG tube ruptures have accurred in domestic PWRs since: 1875. These events.
occurred omr February 25, 1975,. at Paint Beach Unit ;. September 1S, 1976, at
Surry Uit Z; October 2, 1979, atPrairie Island; and o January 25, 1982,
at R. E. Ginma.

The first three of these events were evaluated in NUREG-0651,
*Evaluation of Steam Generator Tube Rupture Events®. The report includes an
evaluation of system response, operator action, and radiological
consequencies during the threes events.

The leak rate associated with these events ranged from about 30
gom to 390 gpm. The conclusion of the report {s that no significant offsite
doses or systems inadequacies occurred during the tube rupture events
analyzed. However, the potential for more significant consequences was
recognized and a number of recommendations, primarily related to plant
Emergency Procedures, were made to correct the deficiencies that were noted.

The event at the Ginna plant was addressed in NUREG-0909 "NRC
Report on the January 25, 1982 Steam Generator Tube Rupture at R. E.. Ginna
Nuclear Power Plant®, April 1982 and evaluated in NUREG-0916 “Safety
Evalyation Report Related to the Restart of R. E. Ginna Nuclear Power
Ptant®, May 1982. NUREG-090% includes descriptions of the event, and
significant staff findings, while NUREG-0916 is an evaluation of system
response, operator response, steam generator inspection analysis and repair
programs, emergency preparedness and a radiological assessment. The maximum
leak rate estimated by the staff to be asscciated with the Ginna event was
about 760 gallons per minute.

An overall update on steam generator tube experience was provided
in NUREG-0886, "Steam Generator Tube Experience”, February 1982, wnich
provides an overview of the types of problems which have occurred in steam
generators with particular emphasis on recent operating experience. In
addition, the report addressed the status of resolution of unresolved safaty

101-3



tssues (TAP's A-3,. A-4,. and A-3) relatad to stsam generator tube problems .-
and dfscussad the short and Tong tarm corractiva actions baing pursued by
the industry, and. the inspectiom and repair requirements which wers

gstablished to ensure continued safe plant operator and. the associatad
radfattor exposures.. *

The obxfective off TAP A=J, A-4, and A-5 was to intagrata studies of
systam anzlyses,. inservice tnspectiom and tube intagrity to astablish

tmpraved critarta for ensuring adaquats tube integrity and safa generator
operatiom.

Fallowing the cccurrance of the staam generator tube ruptura at
tha Ginna plant the Director of the Qffica of Nuclaar Reactor Regulation
requestad appropriate NRC organizations to reviaw the NUREG-0909 ra2pert and
identify raquirements and critaria for implementation of PWRs.

As 3 rasult of this asssssment, which also considered the mattars
addressad in the reports discussad abave, tha NRC staff has praparad the
report “NRC Reccmmendations Concerning Steam Generator Tuba Degradations and
Rupture Events* (Report) to sat forth cortain requirements which the staff
concludes should be evaluatad with respact to their applications to all
operating pressurized water reactors for the purpose of minimizing the
degradation of steam generator tubes and mitigating the consaquencas of tube
rupture avents. The Report also identifies recommandations on specific
criteria to satisfy the requirements.

The Raport furthar cutlines an Implamentation Plan which covers
the antire procass of application of the requireamants, including
consideration of schedulas, cost, and impact of such implamantation,

[.1-4



SECTION. IT - OBJECTIVES AND STOPE

-
-
-

This sectiom describes the overall pr.-oiect:objer.ﬂ ve and scope.

The specific objectives associated with the varfous areas of project
concerm are- also presented.

1.Q OVERALL. PROJECT

In support of the overall NRC staff objective of minimizing stzam
generator tube degradation and mitigating the consequences of tube rupture
events, the goal of this project is to support the implementation of the
Draft Report ("NRC Recommendations Concerning Steam Tube Degradations and
Rupture Events®) requirements by defining the criteria more sharply through
verification of the staff's qualitative judgements of the values and impacts
of the requirements and criteria set forth in the Report.

Specifically, this project has prepared a value-impact analysis of
twelve proposed requirements contained within the above NRC Report. These
twelve specific requirements addressed are:

Prevention and Detection of Loose Parts or Foreign Objects
Stabilization and Monitoring of Degraded Tubes

Inservice Inspection Requirements

Improved Eddy Current Techniques

Primary to Secondary Leakage Limits

Upper Inspection ports

Reactor Coolant System Pressure Control

Secondary Water Chemistry Program

Condenser Inservice Inspection

Safety Injection Signal Reset

Containment Isclation and Reset

Standard Technical Specification Limit for Coolant lodine Activitly

O 00 000 O OO0 0 0 O
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The vaTue~impact analysis was conductad in accordancs with the .
referenca® below, excapt that only the pertions of the analys1s indicated
below were to be performed:. -
@  Brief* descriptiom of proposed actiom. 2 _
@  Summary of the valuas and: impacts included in the discussion of
thes naed: for- the: propased action..
@ Vzlue-impact analysis is to be confined to discussiom of:
~  short-tarmr and ongoing tasks to be performed by NRC
- industry affects
-  public affects.

0 Quantitative discussion of the proposad implementation plan.

Whila the projact valua-impact scope was limitad to the abova
areas, it should also be notad that the twelve proposed raquirements wera
also a2 subset of the total proposed actions rescommanded in the NRC Reperct.

2.0 SPECIFIC AREAS™

In support of the value-impact analysis of the twalve
requiraments, it was necessary to estimats the public risk associatad with a
steam generator tube rupturs (SGTR), as measursd by core malt probability
and by axpected consaquencas.

For aeach of the proposaed requirements, the primary focus on valuas
and impacts was in the areas of:

0 Event probability change
0 Cost
0 Radiation axposura

* Latter from S. H. Hanauer to NRR Division Dirsctors datad Fabruary 23,
1982, subject: Procadurss for Transmitting New Generic Raquirsmants to
the CRGR; Enclosures 2: NRR Office Lattar No. 18, Ravision 1,
“Instructions for the Prenaration of Value-Impact Analyses®.

[1-2
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mendations which could and should be done as a package. Also, separate
analyses were appropriate im several instances fgr plants with nuclear steam
generator systems from different vendors, and for glants where backfit
and/or forefit of {ndividual recommendations were required.

[1-3
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SECTION. ITT. APPROACH AND BASELINE DATA

-
-

This sectionm presents the overall agproach taken im the value-
impact assessment of the proposed requirements. ATso presented are the
baselfne datz used for the statistical analysis, cost analysis, and dose
determrinations. The final subsection presents am assessment of the risk to
the: pubTic from & SGIR events-

1.0 APPROACH

The approach taken by SAI in evaluating the proposed requirements
was based on the NRC Office Letter No. 16, Revision 1 from H.R. Denton
entitled "Instructions for the Preparation of Value-Impact Analyses“. DOue
to the short time period available for the assessment, three major items of
2 valye-impact analysis (public risk, cost, occupational dose) were the
facus of the project.

1.1 GENERAL APPROACH

Figure III.1-1 summarizes our general approach to this project.
The various requirements under study were grouped into six tasks described
in the next section. For each of these tasks the preliminary activities
consisted of mafnly organizing the project and gathering the necessary
informatfon. Within each task, an investigation of impacts and values cf
the particular requirements were then performed. The final report 5cx shown
on the figure consists of analyzing the results of the value-impacts for
each task and providing a report. The on-going meetings were uysed s 2
mechanism for supporting utilization of the analysis results of the various
tasks, and frequent review of results of the various tasks throughout the
project provided the necessary quality assurance.

Oue to the short period of performance of the value-impacst
analysis, the work on the evaluation of the proposed requirements was
concurrent. The approach tc the work was structured with internail
"specialists* who performed similar functions in each of the task 2areas
(i.e., costing, probabilistic assessment, dose determination). Thus, Task
managers referred information and data to the specialists who were

[11.1-1
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responsible for estabTishing baseline project: data. The use of tﬁi s.
approach ensured a consistent basis for_;imuhanecus work which is otherwise
hard to correlate. -

-
-

L.z TASK: APPROACH:

The twvelve requirements were grouped into six tasks imorder to
faciTitate commom data gathering and management. The six tasks grouped the
requfrements as fallows:

0 Task 1: Loose Parts
) Task 2: Tube Stabil{zation and Monitaring , :

0 Task 3: (Inspection Grouping)
- Steam Generator Inservice lnspection
-  Eddy Current Techniques
- Upper Inspection Ports

o Task 4: (Specification Limits)
-  leodine Activity
- Primary to Secondary Leakage

) Task S: (Plant Systems)
- Reactor Coolant System Pressure
- Safety Injection Signal Reset
- Containment Isolation Reset

0 Task 6: (Secondary Side)
- Secondary Water Chemistry Program
- Condenser Inservice Inspection

Each of these six tasks produced a value-impact analysis on each
of it's requirements. The approach to each task was as shown in Figure
II1.1-2. The "technical review® work was handled by the Task Manager and
included:
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Technicarl
Reviaw

Gathew?
[nformation

L

[dentify
Additional Values
and Impacts

Imlla:t [dentifica im
ki e cEEe sk *
Cast F"I
|
Probability | |
Change I{ Overaml
Valya~
™ Impact
ORE/ALARA ot | Assassmant
|
Selectad Qthar | |
Key Impacts |

e — - — -

Figure 1I1.1-2. Approach to Six Specific Tasks
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Q

EstahTishing NRC technical contacts
¢ Obtaining key documents -
o  Reviewing background material™ -

-
.-

The: "Gather Information® phase refers to other studies and
analyses deemed: important concerning the main impact areas to be
favestigateds cost, change im event probability and radiation exposure.
The: {nformaticm gathered included the following actions:

o Obtaining equipment performance/history data
] Obtaining equipment and labor cost data
0o Assembling information on each of the three value-impact areas.

‘The identification of other key impact areas w~as covered as.

completely as time allowed. SAI included and referenced all items to the
best of its ability and within the time allowed.

1.2.1 Public Risk Assessment Task

A special task was established to address the risk to the public
of SGTR. The purpose of this task was to estimate the public risk, as
measured by core melt probability and by expected consequences, associated
with a steam generator tube rupture as an initiating event. The approach
was to perform a "scoping level® network-type analysis. Analogies and
comparisons with previous PRAs were freely used; the idea was ta focuys as
quickly as possible on dominant sequences and to rely on previous studies
(WASH-1400, IREP, etc.) as much as possible for estimating probapilities.
Use of sophisticated computer codes for accident progression phenomenoiogy
or for consequence calculations was not utilized, nor was extensive and
detailed fault tree analysis. Where plant specificity was necessary, 2
single particular plant was selected. The resuylts of this effort are
presented in Section IIl.S and Appendix B.

1.2.2 Baseline Data

The purpose of these efforts was to establish a common data basis
for 211 the tasks. This common basis is required if the overall value-
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‘impact analysis is tgo overview all of the proposed report recommendations -
and requirements. :

The basaline davelopment was implementad in the araas of the
specific impact investigation: caost, probability, and-radiation dosage.
The "spectalist® im eachr of these three areas was required to sstablish the
baselfne imr his area. The basaline data i{s presantaed in the three
subsections falTowing this one.

[II.1-5
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Z.0 PROBABILITIES AND STATISTICS OF STEAM GENERATOR EVENTS

-
-

-

-

& summary and- analysis of datx pertaining to steam generator tube
plugging, leaks and: ruptures is presented. The purpose is to extract from
this data information on the- frequencies and probabiTities of various events
as calTed for by the amalytical framework chosen for the value-impact
assassment.. ATT of the datz used are from Reference 1. The information
desfred is:

- the frequencies (events per reactor year) of forced cutages due to
various modes of tube degradation, by NSSS vendor

- the frequencies of tube ruptures (with leak rates exceeding the
makeup capacity of the charging pumps) due to various modes of
tube degradation, by NSSS vendor

- the rate of tube plugging (% of tubes plugged per year) by
degradation mode and by NSSS vendor.

Forced outages are of interest because they reduce plant availability.
Ruptures are of concern because they challenge plant systems and operators
and are therefore potential initiators of accidental radicactivity releases.
Tube plugging rates are important because they could affect a plant's power
rating and steam generator lifetime. The important values of the proposed
preventive requirements with steam from their reduction of these frequencies
and rates.

A1l of the statistical information directiy needed for the
analysis 1s presented in this section. Summaries of the basic data used for
deriving the desired information are presented in Appendix A. An aggresgate
summary of the event data by NSSS vendor is shown in Table IIl.2-1 below for
leaks and ruptures.

An aggregate summary of event data by degradation mode for all
PWRs 1s shown in Table [11.2-2. These data for all PWRs are dominated by
the Westinghouse plants primarily because they collectively have 2 much
longer operating history than the others.
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Tahle IIT.Z-1L Aggregata Summary of Leak and Rupture Data by NSSS
Vendor (LR. is laak rata in gallons: per _minute)

Reactor Number- of Events ELeaks::and Rupturas)
Operating "
Vendor- Yaars» LR<0.L 0.I<tR<«0.3 Q.J<4R<RUP RUPTURE TOTAL
Westinghouse 240 50 20 2L 4 95
‘ (180)
Combustion Engr. 81 2 2 2 0 8
(45)
gabcock & Wilcox 52 0 8 13 Q 21
(38)
Totals 353 52 30 36 3 122
(263) :

* Numbers in parenthesas do not include first two years of plant lifa,

As notad in the tablas, leak and ruptura avaents are dividad into
four categories according to the leak rate (LR) in gallons per minuts (gpm).
As already indicated, ruptures are defined in tarms of the makeup capacity
of the charging systam, which varias from plant to plant. To date, only
four avents have been classified as ruptures. All occurred in Wastinghousa
plants, the latast being the Ginna aevent of January 1982. Le2ak ratas rangeg

from about 80 gpm to 760 gpm. These 2vents ara discussad in References 2,
3 and 4.

Laaks in the next lowast catagory range from 0.3 gpm up to rup-
tures. The lower limit is the tachnical specification limit above which 2
plant must shutdown, repair the laak and perform a tube inspaection. The Q.1
gpm rata dividing the two lowest catagoriss was chosen arbitrarily. Most
leaks ara in the lowast catagory.
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‘TabTe II1.2-Z Aggregate Summary of Leak and Rupture Event by Degradati o .
Mode- for- AT1 PWRs (353 Total Operating. Years, 263 Mature

Operating Years) b i
Oegradation Number- of Events: (Leaks and.. Ruptures)
Mader WR<O.I 0.I<iR<0.T 0.3<LRAUP RUFTURE TOTAL
Wastage: 13 2 2 1 18
Cracking 7 7 7 1 42
"I6A 9 3 2 0 14
pitting/Fretting rA 1 i 0 3
Incorrect -Plug Lec. 0 1 0 0 1
Tube Sheet Damage | 0 ) 0 0 1
Denting 5 8 1 0 14
Loose Parts 0 0 0 | 2 2
Fatigque 4 7 7 9 23
Erosion/Corrosion i 0 2 0 3
Unknown 12 5 6 ) 23
Totals 73 | 38 28 s 140

LR = leak rate gallons per minutes

[I1.2-3



Ther datz: of Reference L indicate that very few leaks cccur im the:

first twa years of pTant operation. To estimate frequencies, thersfors, we
divide the numbers of events by the number of *maturs* years of oparation
rather thaw the total years. The mature ysarssfi gure simply doas not
includer the: first two years of operatiomr for eachr plant ificluded 1 n.the data
fasa. Theresulting estimates o frequencies are 34-37% higher than they
wauld be 1 the total number of operating years had beem used.

The frequencies of occurrence of Teaks im the various catagories
ars showm im Tables I[II.Z-3 through § for the threa NSSS vendors and for all
PWRs. The fraquenciaes ars alT per plant, not per st2am genarator. Nota
that we continue ts carry the “unknown® made. Whera thara waera no avents,
no frequency is shown. Howaver, we do include an "other* moda to reprasent
spacifically identified degradation modes that have not bean obsarvad,
whather or not they are in the 1ist. The total "other* fraquancy shown is
the chi-square zero failure probability at 30% confidence (Refarencs 5) for
the relavant number of operating years. It is a bounding estimata. This
value is distributed among size catagorias as the obsarved totals are dis-
tributad for 211 PWRs. This means we don’t assuma the fraquency of an
event is zero just becausa the avent has never been obsarved. Quantitative-
ly, the effect is almost always negligible, although it is the only contri-
butor to rupture frequency for Combustion and 3abcock and Wilcox plants.
The “other® frequencias, or totals including them, are shown in parenthasas.

The rupture frequencies from thess tablas serve as tha {nitiating
avent frequencias for accidents and ris_k assassments. Thesa are addreassad
ifn Section III-3,

As indicated above, laaks above 0.3 gpm occurring during operation
laad to a forcad outage for tube repair and inspaction. Although smallar
leaks do not require shutdown (repairs can be dalaysd until the next sche-
duled outage), some plants apparently do shut down to repair the leaks, ang
some aven perform a tube inspection (Referencs §). We astimatz a range for
forcad shutdown fraquency by taking as a lower valus the frequency of laaks
greater than 0.3 gpm (thesa require shutdown) and as an upper value the
frequency of leaks greater than 0.1 gpm. We taka the midpoint of this range
as a nominal value of the shutdown fraquency. This information is shown in
Table [I1.2-7.
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Table ITT.2-3 Frequencies of Leaks and Ruptures by Oegradation Mode
for- Westinghouse Plants (Events Per Reactor Year)

-
-

Degradatiocm Frequencies of Leaks and Ruptures (Reactoi* Year)-l
Mode: LR<O.L - 0.IcLR<0.3 0.34R<RUP  RUPTIRE TOTAL

Wastage: 0.07Z 0.006 - 0.006 0.083
Cracking 0.150 0.03% 0.033 0.006 0.228
I€A 0.044 0.011 - - - 0.056
Pitting/Fretting 0.006 . 0.006 - 0.0l
Incorrect Plug Loc. - 0.006 - - 0.0C6
Tube Sheet Damage - 0.066 - - 0.00é
Denting 0.022 0.044 0.006 - 0.072
Loose Parts - - - 0.011 0.011
Fatigue - - - - -
Erosion/Corrosion - - - - -
Unknown 0.061 0.028 0.028 - 2.117
Other (0.002)  (0.001) (0.001) (9.0001) {2.003)
Total Observed 0.386  0.139 0.072 0.022 9.3589
Totals (0.3s8) (0.140) (0.073) (0.022) {0.592)

LR = Jeak rate in gallons per minutes

11,245



° TablTe [IT.2-4 Frequencies of Leaks and Ruptures. by Degradatiom Mode for
Combustiom Enginearing Plants (Events Per Reactor Year)

Oegradatiom Frequencies of Laaks and Ruptures {Reactor Year)-l
Mode: R<Q.L  C.IR<0.3 0.3<tR RUP  RUPTURE TOTAL
Wastage - g.02Z 0.044 - 0.067
" Cracking - - - - -
IGA 0.022 - - - 0.022
Pitting/Fretting 0.022 0.022 - - 0.044
Incorrect Plug Loec. - - - - -
Tube Sheat Damage - - -, - -
Oenting - - - - -
Loosa Parts - - - - -
Fatigue - - - - -
Erosion/Corrosion 0.022 - - - 3.022
Unknown 0.022 - - - 9.022
Other (0.008) (0.004) (9.003) (0.0004) (23.015)
Total Obsarved 0.083 0.044 J.044 g 9.178
Total (0.097) (0.043) (0.047) (0.0004) (0.193)

LR = leak rata in gallons per minuta
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* Tahle II[.Z-5 Frequencies of Leaks and Ruptures: by Degradatiom Mode for
Babcock and WiTcox Plants (Events Per Reactor Year)

LR = leak rate gallons per minute

111.2-7

-
-
.-

Degradatfom Frequencies of Leak# and Ruptx.z.res (Reactor Year)-l
Mode LR<G.L  Q.I<LR<0.3 O0.3<LR<RUF  RUPTIRE TOTAL
‘Wastage . - - - - -
Cracking - - 0.026 - 0.02¢8
IGA - 0.026 0.053 - . 0.079
Pitting/Fretting - - - - -
Incorrect Plug Loc. - - - - -
Tube Sheet Damage - - - - -
Denting 0.026 - - - 0.026
Loose Parts - - - - -
Fatigue 0.10S 0.184 0.184 - 0.474
Erosion/Corrosion - - 0.083 - 0.033
Unknown - - 0.026 - 3.026
Other (0.009) (0.005) (0.004) (0.001) (0.018)
Total Qbserved 0.132 0.211 0.342 0 J.684
Total (0.141) (0.216) (0.345) (0.001) (0.702)



© Tabler [II.2-5 Frequencies of Leaks and Ruptures by Degradatiom Mode for
AlT PWRs (Industry-Wide Averaga, Event Per Reactor Yaar) -

Degradation -
Mode

Wastage

Cracking

[GA
Pitting/Fratting
Incorrect Plug Loc.
Tube Sheet Damage
Denting

Loose Parts
Fatigue
Erosion/Corrosion
Unknown

Other

Total Obsarved

Total

Frequencies of Laaks

R<Q.L

0.04%

g.103

0.034

0.008

0.013

0.015

0.004

0.046

(0.001)

0.278

(0.279)

0.0cg

0.027

0.011

0.004

0.004

0.004

0.030

0.027

0.018

(0.001)

0.133

(0.134)

LR = leak rat2 gallons per minuta

111.2-8

0.008
0.027
0.008

0.004

0.004

0.027
0.008
0.023
(0.001)
0.1086

(0.107)

RUPTURE
0.004

0.004

(0.00001)
0.013

(0.015)

and Rup%uresvggéactnr-Year) -1
0.1<LR<0.3 Q0.3<LR<RUP

TQTAL
0.068
0.160
0.033
0.015
0.004
0.004
0.083
0.008
0.068
0.01%
0.087

£0.0025)
3.332

(0.535)
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Table 111.2-7 Estimated Frequencies of Forced Outages Pue to Tube Leaks and Ruptures
(Nominal Values Ceptered In Parentheses - Events Per Reactar Yggr)

Fatlure
Mode

Hastage
Cracking
1GA

Pitting/Fretting

Incorrect Plug Lac.

Tube Sheet Damage
Denting

Loose Parts
Fatigue
Erosion/Corrosion
Unknown

Other

Totals

Hest {inghouse
0.006 (.009) 0.012

0.039 (.059) 0.078

0 (,006) 0.011

0.006 (.006) 0.011
0o  (.003) 0.006
0  (.003) 0.006
0.006 - 0.050

0.011 (.011) o.011

0.028 (.042) 0.056

Vendor
Combystion Engr.

0.044 (.055) 0.066

0 (.011) 0.022

Babcock & Hilcoy

. 0.026 (.026) 0,026

0.053 (.066) 0,979

0.184 (.276) 0.368

0.053 (.053) 0,053

M
R

0,912 (,016) 0,020
0,031 (,045) 0,058
0,008 (,014) 0.019
0,004 (.006) 0,008
0 (,002) 0.004
0 (,oo.z‘) 0.004
0.004 (,019) 0,04
0.008 (008) 0.008
0,027|(,D41) 0.054

0,008 (,008) 0.008

0.026 (.026) 0.026  0.023 (.033) 0,042

(0.001 (.001) 0.003) (0.003 (.005) 0.007) (0.005 (.007) 0.010) (.001 (.001) 0,002)

0.095 (.165) 0.235  0.051 (.071) 0,099  0.347 (.455) 0,563 121 (.188) 0,254

1
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Our anmalysts of tube pTuggi ng. rates is based entirely on West-
inghcuse plants since the other vendors have so few plants where steam
generator life {s threatened. Ta charactertze the glants, we employ the
very simple pTugging model tTTustrated im Figure [II.Z-l. It 'assumes no
plugging tn the first twe years of plant 1ife and a 1inear plugging rate
thereafter. For the f1Tustration,. we assume a pTant has about 15X excess
tube capacity, f.e:, the plTant would have to be derated: after about 15% of

the tubes are plugged or- whem 8S%. remaim im service, at tpr years of age.
We assume, again for {1Tustration, that the steam generators would be

replaced when only 75% of the original tubes remain in service, at age tR-
This would. correspond to about a 12% derating in this case. Actually,
replacement would invalve an economic decision and could occur earlier.
This issue is discussed in the next section. The problem here is to charac-
terize the plant population according to plugging rates, i.e., the slope of
the "plugging curve" after two years. For individual plants, the actual

plugging curve can be very non-linear, but this simple linear model based c¢n '

the average plugging rate is adequate for the purpose at hand.

For individual plants, the plugging rate is estimated from the
data of Reference 1 as' % of tubes plugged (as of January 1982) divided by
N-2 where X is the number of plant operating years. The values vary widely,
from zero to about 4.2%, with a medfan value of about 0.5%. The population
includes 25 plants (units) with over two years of operating history. The
plugging rate frequency table is shown in Table IIl.2-8. Table iIl.2-3
illustrates the effect of plugging rate on the time to derating and steam
generator lifetime according to this simple model. Note that a plant with
the median plugging rate would have a reasonable chance at not having to
derate the plant in its lifetime. Rates above that (half the plants) por-
tend serious economic problems.

The median rate may be taken as a representative value for
characterizing value-impacts; 2% would be a reasonable excursion value &3
i1lustrate sensitivity.

The data of Reference 1 were analyzed to determine the relative

importance of the various degradation modes as causes for tube plugging.
Considering only those tubes whose plugging was attributed to a speciic

111.2-11
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Table IIT.2-3 % Plugging Rata Frequency Oistribution for Westinghousa

Plants Qver Two. Yaars Q14

% Plugging; Rate Intarval

=a.L
JI-1.5
g.5-L
2

Z-3

3-4

4-3

-
=

Number of PTants.

o |
o= o wawmy

Table III.2-9. Illustration of Potential Plugging Rate Effaect on
Plant Rating and Stesam Generator Lifetime

X _Tubes Plugged

N-2

0.54
0.39

1

2
3
4

t 0.85

30

18.9

17
9.5
7.0
5.8

111.2-12

Q.75

30
27
14.5
10.3
8.3

Y
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degradation mode, the distributionm is shown im Table [1[.2-10. We have -

assumed: the: distribution appTies to the plugging rates as well as the total
number- of tubes plugged. [t is perhaps oF interest to nute that the distri-
butiom among degradation modes for- plugging. is somewhat; different from that
for- Teaks and ruptures.. A comparisom is showm im Table LII.2Z-11, where the:
dfstribution for- Teaks and ruptures has beem adjusted to eliminate the

unknown: mades- . B

By combining the distributions of frequencies and plugging rates
among degradation modes with am identification of the degradation modes
affected by each requirement, the maximum potential improvements can be
determined for each of the preventive requirements. The latter
identification is made in Table IIl.2-12. The first three requirements can
inhibit degradation and thereby reduce the rates of both leaks and tube
plugging. The latter three are in the diagnostic-preventive category They
can reduce leaks by helping to assure that degraded tubes are plugged, but
they do not have a significant affect on the plugging rates because they do
not in thémselves -inhibit the degradation processes. It is assumed that
each requirement can affect half the events attributed to unknown causes.
This is the only mode affected by the upper inspection ports.. Basically, we
assume the ports viou}cL hardly be used except when the causes of degradation
could not otherwise be identified.

With this correlation among requirements and degradation modes,
frequencies can be summed over all degradation modes subject to potential
reduction by a given requirement. The resulting frequencies are fractions
of total event frequencigs and represent the maximum possible reducticn by
the respective requirements. These reductions would occur only if the
requirement succeeded in eliminating 100% of the events due to causes which
the requirement could affect. These freguencies are shown in Tables IIl.2-

13, 111.2-14 and II1.2-15 for forced outages, ruptures and tube plugging,

respectively. In the latter table, note that secondary water chemistry is
the only requirement expected to have a significant affect on the tube
plugging rate. The two locse parts requirements could, in principle, reduce.
the plugging rate, but no tube pluggings have been attributed to loose
parts. This illustrates the fact that the upper limits on the effectiveness
of various requirements have a firm basis in the historical tube performance

\
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Table [1I.2-10 Degradation Mode Contributions to Tube Plugging

Cegradation
Modes

Wastage

Cracking

[GA
Pitting/Fratting
Incorrect Plug Loc.
Tuba Sheat Damage
Denting

Loosa Parts
Fatique
Eroston/Corrosion

Total

Rates

Yendor - =
Westinghouse Combustionm Engr. Babcock & WiTcox

14% 56% -

s - -
20% 7% 43
5% 213 7%
39% 14% 4%
- - 18%
- 2% 67%
1002 1002 100%

[1I.2-14
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° Table [1I.2-11 Comparisonm of Degradation Mode Distributions. for Leak and
Rupture Frequencies and for Plugging Rates, for A1l PWRS

-
-
-

Distributiens of ...

Degradatiom Leak and Rupture Plugging:
Mode Frequencies Rates.
Wastage: 25% 15%
Cracking 16% 36%
IGA 16% 12%
Pitting/Fretting 9% 3%
Incorrect Plug Loc. - 1%
Tube Sheet Damage - 1%
Oenting 31% 12%
Loose Parts - 2%
Fatigue <1X 15%
Erosien/Corrosion 2% 3%
Total 100% 100%

111.2-15



Taplelll.2-1Z Applicability of Praventive Requirements to Degradation Modes
Laading to Laaks and Rupturss (L) and -Tube Plugging (P)

Pegradation
Mode=

Wastage

Cracking

1GA
Pitting/Fratting
Incorrect ?lug Loc.
Tube Sheet Damage
Qenting

Loasa Parts
Fatigue
Erosion/Corrosion

Unknown

- .

Proposed Requirment

Loase Loose Sec
Partss Parts Water Tube:
Mot tor- cA Chem.*  ISI
L,? L
L,P L
L,P L
L,P L
L,? L
L,P L,P
L
L,P L

L/2,P/2 L/2,P/2 L/2,?/2  L/2

* Including Condensar ISI Program

I11.2-15
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Imp. Insp.
ECT Ports
L
L
L
L
1
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Tahle: 1I1.Z2-13 Maximum Pessible Reductiom: inforced Qutage Frequen';:y.
for- Individual quuirements (Pexj Reactor Year)

.-
e

Vendor- ' ATT

Requirement Westinghouse Combusiom Engr. Babcock & Wilcox PWRs

Loose Farts: Monitor 0.03Z 0.003 0.02% 0.02%
1% . 4% B 4 13%

Loose Parts QA 0.032 0.003 0.020 0.025
19% % _ % 13%

Tube ISI 0.130 0.071 0.441 0.168
79% 100% 97% 88%

Improved ECT 0.130 0.071 0.441 0.166
' 79% 100% 97% 88%

Upper Inspection Parts 0.021 0.003 0.013 0.017
1% 4% % 9%

Secondary Chemistry 0.130 0.071 . 0.165 0.125
79% 100% 36% 58%

Nominal Baseline Fregq. 0.165 0.071 0.453 0.188
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TapgTe [1T.2-14 Maximumr Possible Reductiom i Rupturs Fragquency for. E
[ndividual Requirements (Per Reactor Year)

Requirement

Loosa Parts Morm.

Logsa Parts QA

Secondary ‘Watar Chem.

Tube ISI

Improvaed ECT

Upper Inspection Parts

3asaeline Freq.

g.0IL
0%

g.011
50%

0.012

35%

0.012
535%

0.012
55%

0.0001L

0.022

[11.2-18

-
-

Vendor
Westinghouse Combusicm Engr.

(<0.0004)

(<0.0004)

(<0.0004)

(<0.0004)

(<0.0004)

(<0.0004)

(<0.0004)

Babecock & Wilcox

(<0.00L)

<

(<0.001)

{<0.001)

(<«0.001)

(<9.001)

(<0.001)

(<0.001)

0.008

33%
(0.00001)

0.915



Table IIL.2-15 Maximum Possible Reduction im Tube:-Plugging Rates
for- Individual Requirements (% Per Reactor Year)

Westinghouse: A1l PWRs
Requirement Mediamr Severe Mediamr Severe
Loose Parts Mon. - - - -
Loose Parts QA - - - -
Secondary Water Chem. 0.50 2.00 0.4% 1.98
100% 100% 100% 100%
Baseline Rates 0.50° °~ 2.00 0.50 2.00

[11.2-1§



datz of Rafarence 1. The analysfs now becomas a mattar of astimating tha -

extent to whichr eachr requirement cam achieve its potantial effective.

-
-

Lt should. be: notad: that we have carried tifis approacihr to. about the
TixtE of detatT that camr be Justified. A more "sophi sticatad™ analysis,
suclr as using weighting factors i ther correlatiom among requirements. and
degradatiomr modes, would mot be warranted. The ultimataly limiting
consideratior {s the fact that specific events and instancas oftenm cannot be
accurataly: attributed to specific modes: of degradaticn. [m other words the
distributions of event frequencies among failure modes are limitad accuracy.
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PREVENTING STEAM GENERATOR: EVENTS

Cost-benefit analysis, as part of the_-‘Va.Tue-:Imp'act Analysis, was
performed on that: portiom of the values and impacts which can be reduced to
& stream of dalTar benefits and costs, botir subsequently compared to arrive
at @ measure of net benefit. It is not necessarily a rule for making &
decisfom. Rather tt {s & systematic analysis and: evaluatiom of alternatives
and: insights provided by economics and decisiom theory (Reference 8). The
approach is im accord with NRC Guidelines and NRC ATWS documents, as well as
the applied and theoretical Titerature (References 1,2,3,4,5,6,7).

3.1 GENERAL APPROACH

The analysis is simply a comparison of the present worth of a
stream of benefits through time with the present worth of a stream of cosis
through time. For a nuclear safety regulation which has uncertain future
benefits an expected valve approach must be takenwhere the change 1in
probability (resulting from a safety action) of a future event (e.g. tube
rupture) is multiplied by the absolute value of the expected benefit, in
this case an avoided cost. -

Mathematically,

Ng =B -C
where

N8 = Net Benefit

B = Expected Value of the Present Worth of Zenefits

C = Present worth of Costs which are one time capital costs
or installation costs plus recurring operations and
mafntenance costs.

hence

n
nsszpu EV (81) - Ci
fal
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and o

g% (B1) = P (8i) =
where P is the: change im frequency of cc::il"rrenca of
are avent dues to the actiomw

Since the benafit may cccur-avery year for the remaining lifaf
the plant;, the time value of money must be accountad for. Hencs, the
present worth of these avoided costs must be calculatad. '

Assyming a meam 1{fa of § years (Refaranca 9) at 3.77% discount
rate (utility cost of capital) two present worth factors can ke caiculatad
using the presant worth formula:

PN =] +r 1‘1+r n

where { = discount rate
r s ascalation rata
n = period of years

for avoided costs which will not escalate for 24 years
24
P9 factor = 15.6
.0377
for avoided costs which will a2scalata for 24 years
02 24
PW factor 3 19.5
.0377
This approach is used throughout the analysis for the individual

actions whare quantification of diract benefits and costs is possible.
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Tndirect. costs and benefits (e.g., health and: environment externalities) are

not considered im economic terms but are considered elsewhere in this valve
impact analysfs. - - )

uufTe:a:margjnaI analysis of each actiom was preferred (see
Referenca: L and 3) extensive- information: was not available for {ncremental
ev&luationr of the: proposed: acticns. Often & parametric approach was used to
estimate the change {r frequency of am event. Consequently marginal analysis

was not considered appropriate due to data Timitations.

For- comparison of groups of alternative actions however, the
marginal approach was used. Generally the net benefits were ranked by size
and then evaluated in groups accordingly to determine the most cost
effective groups of actions.

3.2 BENEF IT/COST ASSUMPTIONS

3.2.1 General Assumptions

The following general assumptions are used throughout the
analysis. While all are straightforward, discussion of the discount rate
and rep]acemen_t power cost is merited.

Choice of an appropriate discount rate is a perennial issue in
cost benefit analysis. Since Federal funds will not be used for the
impleaentation of these regulations, the utility of capital is appropriate
for the discount rate,

Use of coal replacement power cost is assumed to be the first
choice due to the large and increasing percentage of ccal plants in utility
generating mixes. This percentage is expected to increase with time. For
those cases where utilities have no choice but to use oil replacement power,
the avofded cost would be at least twice as much.
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Ttemw Source:

PTant Life: 30 years EPRE TAG32
Ofscount Rata: 3.77% (real) = . .
Nuclear- Fuel Cost: $.0078/Kwh 2*
NucTear- Fuel Cost= Escalations 0% -
Shart Terme Coal’ ETectricitys $.025/kwir SAL Survey

plus I0% U, pertod: < 4 weaks '
Long Termr Coal ETectricitys $.025/Kwir o
Period > 4 weeks, them $1/Kw/week

demand charge
Coal Electricity Escalation: 2.0% EPRI TAG 82

. ‘ €1A81,0RI82

Plant Size: 1000 MWe with 3 SG/plant
1982 dollars

3.2.2 Scecific Assumotions-Baenefits

Benefits are avoided costs of forced outages for leaks, for tube
rupture and for steam generator replacament. Avoided costs ars defined as
net replacement power, fix costs including capital, labor, and relatad

angineering costs, as well as relatad inspection/tasting costs as
appropriata.

Avoided Costs for Forced Qutages for Laaks (ACFL)

ACFL: F1ix Costs: (FC)*Net Raplacement Power ( ilRP)
+ Eddy Current Testing (ECT )

Langth: 2-14 days

Fix Cost: Tube Plugging

Based on data from Westinghousa (Refarenca 11)
Tube plugging $1500/tube (matarials % labor)
assume 1 tube requires plugging

work taam mobilization is $27,000

team size is 9 technicians’

average round trip air fare @ $200/man is $1300
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round: trip per diemr @ $75/day

Z days; for- 9 merr 1s $1350

14 days for 9 menm is $9350° -

Total Fix Cost for Z days: $30,000 =

Total Fix Cost for 14 days $38,000.

PWx of Fix Costs for- Z days = $584,025

Eddy: Current Testing Cost & $15,000/day labor- & material
for- 14 days s $210,000

PW of Fix Costs for Eddy Current Testing = $7,364,000

Net Replacement Power Cost: Coal Electricity Cost (CEC) -
Nuclear Fuel Cost (NFC) based on general assumptions

Coal Electricity for 2 days at $660,000/day $1,320,000
for 14 days $9,240,000

Nuclear Fuel Cost for 2 days at $107,2C0/day or $374,400
for 14 days $2,620,800

Total Net Replacement Power Cost for 2 days $946,000
for 14 days $6,620,200

PW of Net Replacement Power for 2 days = $19,5900,000
PW of Net Replacement Power for 14 days = $139,000,000
PW ACFL for 2 days = $20,500,000
PW ACFL for 14 days = $146,700,000

Since the probability (P) is less than 1 of a leak-caused forced
outage, the Expected Value (EV) of PW ACFL must be calculated for the base
case. Assuming the P is the same for every year for 24 years, the PW ACFL
is multiplied by P?3
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E¥ (PWACFL) = P(PWACFL)

-
-

-
-

E-:JEE; {-_-%;)"I X NWI+E’-[L '(ITI-'T) "]- X ;c or FC #tcrl

Nete: Sue ifermi cicalatior vivep are uted 40 calelude ¢FC and NEFC
L i £ fu(?lﬂ PWT smute Lo caleulsted sefml.} +s g NRPA

- P

For-the regulationm casa, it is dasirabla to know the change in ?

as a result of the action, so tha reduction of P of occurrance is usad to
calculata EV(PWACFL).

Avoided Costs of Forecad Qutagas for Tube Ruptura (ACFR

ACFR: FC + NRP

Length: 30,560,390 days

Fix Cost: Repair Tube Rupture

Repair cost based on GINNA experience of
10 man years of labor, with 5 man/years at $50,000/yr
and 5 man/years at $100,000/year (Section IV.1)

Total Fix Cost = $150,000

PWFC = $11,700,000

NRP: use general assumptions
replacement ¢oal power cost (CEC) for 30 days is $19,800,000
(energy charge only)
replacament nuclear fuel cost (NFC) for 30 days is $5500,000
PW 30 day NRP cost is $298,000,000

60 day CEC is $39,800,000 + demand charge for 4.5 weaks or
$4,500,000 for total of $45,000,000

80 NFC is $11,200,000
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PW- 60 day NRP cost {is: $585,000,000

90 day CEC is: $59,400,000- + $8,500,000. ~ -

8T day: NPT {s  §16,800,000
P¥- 9O day: NRF- cost i< §1,060,000

Using PW: factors as before the PW of the total avoided costs for
forced outages form tube rupture are:

PWACFR for 30 days = $310,000,700
PWACFR for 60 days = $696,000,000
PWACFR for 90 days =§1070,000,000.

Since the probability is less than that of a tube rupture causad
forced outage the EV of PWACFR must be calculated for the base case. As
before, assuming P is the same for all 24 years yields:

EV(PWACFR) = P(PWACFR)
For the regulation case, it is desirable to know the change in
EV(PWACFR) as a result of the action, so the reduction of P of occurrence is
used to calculate EV(PWACFR).

Avoided Cost of a Forced Outage for Steam Generator Replacsment(ACFSER)

ACFSGR: FC + SGR

length: FC occurs during refueling outage (l/year) and is on
critical path; SGR requires 270 days

FC: tube plugging

Cost was based on Westinghouse data developed earlier. For
reactors with severe problems 2.4% of total tubes plugged per year so for
1000 MWe unit with 9900 tubes in 3 steam generators, 238 tubes plugged/year.
For reactors with average problem .7% of total tubes plugged per year or
69/yr. Assuming SG have 110% of tubes required for 100% capacity operation
and derating occurs when more than 10% of tubes, are plugged; or alterna-
tively when less than 8910 remain unplugged.
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For- savere plants using the Robinsom case as a:r'examme, whichh are
now nine cycles (years) aTd, 2.4% tubes ara plagged/year assuming no tube
plugging ffirst twa years. Them derating occurs now.~ The remaining tube
pTugging cost {s from= above, and 238 tubes/cycle cam he}l‘ugged. at 35

tubes/hr- rate: s¢ twa days at = time is usedi. The praviously applied fixed
cost now includes 233 x $1600/tube = 317,000,. for- a Total cost of $347,000.

For- modarata basa case with plants with average 1if2 at § years

of .7% tube plugging rats and same critical darating 1imit, the derating
occurs im cycle 18 now.

The fix cost now includas 69 x $1600/tube = $110,000
Total per year - $141,000

Using PW techniquas as befora the PW total cost for 24 cyclas is
$2,200,000.

The average utility industry plant will undergo a darating in
cycle 15. Assuming a 1inear derating as tube plugging rata, .7% will be
deratad per year progressively. At a 65% capacity factor this corrasponds
to .46%/year progressive requirement for replaceamant power or a 6.4%

replacament power raquired by cycle 30. The cumulative prasant worth of
this power is $37,500,000.

These are for basa casa, The rasult of an action would

concaivably reduce the tube plugging rate, thus delaying the critical limit
and derating.

SGR: Labor, Matarials, Engineering, Cost Support Continganciess
and AFDC, plus disposal/storage of old SG.
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Estimated S& fnstallationm (3 SG per 1000 or We unit) cost is :

$100,000,000.* This fs assumed: to be the current S& MWe replacement.cost
based: on actual experience of replact ngf‘.at Surry 1 and 2 although the
propesed cost was Tower. The average of the propEsei cests escalated to
January 1987 doTTars for-repTacement of 3 SG per-unit at Surry L and Z as
well as Turkey Paint: T and: 4 was $66 milliomr (References. & & 10).

Usfng P techniques as before, for the severe plant problem,
assuming replacement: of new SG's im cycle 18 or § years from now the, PWSGR
= §71,700,000. '

. “7,300,408 -

Disposal cost is $10,000,000. PW of Oisposal Cost is $I&GSSHE00
Since SGR requires a forced outage, net replacement power cost incurred.
Assume SGR is done coincident with refueling outage so net total time is 39
weeks - 7 week (refueling outage average time) or 32 weeks. The energy
charge fs 224 days x $660,000 = $148,000,000 and demand charge is 32 weeks x
$1/KW/wk = $32,000,000. The nuclear fuel not used is $42,000,000. Using PW
techniques as before for the cycle 18 month replacement (severe problem) NRP
cost = $136,450,000

The PW of this replacement power is $97,800,000.

The total ACS&R is $176,000,000.

* This approach is simplified here. Appropriate utility capital investment
analysis requires consideration of the levelized capital charges per year.
For example, if the SG replacement occurred with 15 years of plant life
remaining a real fixed charge rate of .105 would require comparison of only
$10.5 millfon of annual capital not $100 million. That value would in turn
have to be considered and PW terms from our vantage point here.
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4.0 RADIATION EXPOSURES .

-
-
-
-

This sectiom presents the baseline data-used to evaluate the
radfation exposures assoctated with the activities withim each proposed
requirement..

&L MAIN- ISSUES

The main radiation exposure issues which should be addressed for
eachr SBTR value~-impact analysis are the effects of requirement implementation
on:

Total occupational radiation exposures (increase or decrease)
Total-radioactivity released to air

Total radicactivity released to water

Total radicactivity content of resyltant solid waste

o 0 O O

The general methods for assessing each of the abave, as well as the
data needed to support these assessments, are presented below.

Qccupational Exposures

In order to estimate the occupational exposure impacts of the
proposed requirements, certain data are required concerning the increased (or
decreased) amount of time spent by personnel in radiation fields, as well as
information regarding the intensity of these fields. Although the roentgen
(R) and the rem are not equivalent units, total body exposures 2are estimated
simply by multiplying the amount of additional personnel time {(personnel-
hours) required for implementation by the expected exposure rate (R/hr) in the
area. Much of the needed exposure rate data for various locations on and
around steam generators has been compiled. What was needed was estimatas of
the total amount of labor time (in person-hours) associated with each
requirement, and the specific locations in, on, or around the SG in which the
labor must be performed. When possible, the source locations were referenced
to those tdentified in Figure [Il.4-1 for source lTocations in the SG and
Table [1l.4-1 provides exposure rate data for these source locations.
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Figure I11.4-1 Source Locations in Steam Ganerator*
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Tahle III.4-1 Exposure Rates in Steam G’enentgrs by Location™

-

Measurement Pointl®)  Exposure Rate, RIN Location

L 0.05 Manway
rA 0.2
3 6.2 Wajst-nign in center of and
4 0.2 next to perforated plates
5 (s) X
é 0.5 0.3 m above deck plate
7 (b) ’
8 1 Feedwater ring
9 2
10 2
11 (b)
12 3.5
13 10.5 Flow resistance plate
14 10.5

. 18 (b)
16 10 Hand hole
17 10
18 30 Tubesheat
19 37
20 22 Hot leg
a 30 Cold leg
22 18 Manway
23 22
24 ) 1.2 Work platform

(a) See Figure III.4-1 for location of measurement points.
(b) No measurement taken.

*  NUREG/CR-158%
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Radicactivity Raleased to Air

The primary sources of airtorne releasas are from the cutting of
reactor- coglant piping: or other- systam piping.. In grder to assass the amount
of activity released;. and estimate is needed of the area of material vaporized
by the cut.. This wilT themw be multiplied by contaminatiom lavels typical of
the piping (eeq, 80uCt/cmZ for-primary pipings 10~3 uCi/emZ for sacondary
stde piping), withr credit takemr for- HEPA fiTtratiom of the effluent.

Radioactivity Released to Watar

The primary sourcas of watarborna radiocactive affluants ara the
raleasa of reactor primary coolant and the discharge of contaminatad laundry
wastawater. [f the reactor coolant systam must ba drained and discharged, 2
total released of 150 curies, consisting almost entiraly of tritium, should be
assumed. Data on laundry wastawatar dischargas are sketchy and variabla,
About 0.5 Ci{ were releasad in laundry wastawater during the SG replacament
activities at Surry.

Containment Solid Wasta

These wastas consist of materials such as contaminatad insulation,
structural matarials, components not intanded for reusa, solidifiad
decontamination solutions, paper waste, and disposal protactive clothing. [t
should also be noted that these data are also required to assass cost impacts
of plan implementation.

ALARA Congideration
Many of the dosas resulting from specific SG activitias hava the
potantial to be loweraed considerably by the implementation of ALARA

considarations. 0ata on such raductions ars skatchy, but are discussad if
available.

4.2 ACTIVITY DOSES

Several of the requiraments investigata value-impacts of activities
which are common to many of the requirements. The dose for each activity is
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described: im more detail within each requirement {Sectiom IV), but the overall
general approachr and datza is presented peJow. Also,. the approach to assessing
the: per- unit avoided dose is described.” -

-
-
.o

4£.2.1 Indtfvtdual Activities

The: fndfvidual commom activities of concerm are:r SG IST, tube
pgTugging,. SGIR repafr and SE& replacement. The occupational doses are
described: for- these activities.

S&_ISI

The: total radiation exposure due to SG ISI has been documented to be .
between 5 and 20 man-rem per SG (NUREG/CR-1480). However, this ISI is
associated with hot-leg side set-up only, and a cold-leg side set-up would
double this exposure. The percentage of tubes inspected in the SG changes the
exposure dose at about 2x10-3 man-rem per tube inspected (NUREG/CR-14%0, pp.
25¢26). The exposure is assocfated with the equipment set-up and removal,
according to NRC draft requlatory guide estimates, is 4.95 man-rem for this
Job (see NUREG/CR~1490, p. 26).

Tube Plugqing

Tube plugging is 95% explosive plug oriented. Explosive plugging
takes from 20 seconds to 2 minutes (NUREG/CR-1490, p. 22) in a 10-60 R/hr
environment, yielding a2 nominal 1 man-rem per plug value.

SGTR Repair

The dose for SGTR repair has been estimated to range from 10 to 100
man-rems (NUREG-0886) for moderate repairs, such as tube plugging, pulling or
weld repairs.. The tube ruptures experienced to date have involved inspection
and repair including eddy current testing, sludge lancing, tube plugging, and
tube pulling, and the associated dose has been estimated at 100 man-rems per
outage. However, recent experiences with SG repairs would indicate that a
major leak repair can involve a 150 mman-rem exposure {f all the personnel
involved are accounted for. The SGTR repairs have caused total doses of
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‘approximataly 350 man-rem per- event whem QA- and tasti ng exposure are included

as part of the event.

S Replacement = ~
Ther replacament of x SG has beemr sstimated: (NUREG/CR-1535) to have a

cccupational exposure of betweenr 800 and 2150 man-rems. Experience: with three

uttTities showed that the dose per SG is approximataly 700 man-rems (NUREG-

0632, 088§,. and: /CR-1338).

4.2.2 Avoided Doses

The avaided occupational dosas will ba calculatad by datarmining
what the avoided frequency of am avent (activity) is for a requirement. This
avoided aevent fraquency will then be multipliad by the numbar of rsactor
years; this produce is then multiplied by the dosa axposure per avent to get
the avoided dose. ‘

ror example, {if the avoided event frequency is 0.015 SGTRs/reactor-
year and the avaerage unit has 25 reactor years of remaining 1if2, then 0.26
SGTR eavents will be avoided by the average plant. Since a SGTR repair invel-
ves 2 dose of 350 man-rem, them the avoided dose is 126 man-rem per operating
unit. Each of the valus-impact assessments for the proposed requirements used
this approach to determining the avoided or additional occupational radiation
dose.
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5.0 PUBLIC RISK FROM ACCIDENTS INITIATED
BY STEAM' GENERATOR TUBE RUPTLRES.. -

Ak risk assessmentwas performed to estimate the conditionaT
probabiTities of accidents, giver x steam generator tube ‘rupture. as
tnttiator. Expected population doses were alsa estimated. The
probabiTities were 2lso used to estimate: expected: values of accident cleanup
costs.

A- rupture is defined to be an event with primary-to-secondary leak
rate exceeding the makeup capacity of the charging pumps at full system
pressure. Shutdowns for smaller leaks are assumed to follow normal
procedures and not to contribute significantly to accidental release
sequence probabilities,

A1l of the results needed for other aspects of the value-impact
assessment are presented in Table [I1.5-1. The probabilities shown are
conditional upon theoccurrence of a tube rupture. For reference, the
frequency of tube ruptures i{s of the order of 10-2 per year. Further
details on frequencies were provided in Section III.2.

The population dose information resulted form internal studies
done at NRC relating to WASH-1400 release categories (References 1 and 2).
The risk assessment dealt with four release types: (1) a core melt
following SGTR which is similar to WASH-1400 category 4, (2) a core melt
following a PORV LOCA which is similar to WASH-1400 category 5, {(3) a major
release without core melt which is modeled by one tenth of WASH-1400
category 7, and (4) a minor release without core melt which is modeled by
1/100 of WASH-1400 category 7.

The dominant accident sequences leading to core melt following an
SGTR are: (1) a loss of offsite power and faflure of both diesels to start,
f.e., total power loss, and (2) failure of the auxiliary feedwater system.
The dominant sequences for the core melt.following PORV LOCA are (1) a PORY
LOCA resulting from operator pressure reduction with operator failure to
respond to the l1arger LOCA, and (2) a PORY LOCA with a faflure to align the
RHR system for recirculation.
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Table [I[.5-1 Baseline Probabilities Populatiom Exposure, and
. CTeanug Cast for- SGTR - Initiatad Accidents.™

Conditiocnal Cond. Pop. Expected Pop. Cond. Acz. Expectad Acs,
Accidant ?rocability Exposyre Sxposure Cleanup Cost Cleanup Cast
Catagory Siven SGIR 3iven Releass Givew S3TR Siven Rglease  Siven SEIR
(manerem)______(maneren) (san-rem)_______
Mnor Release 4.1 E-2 al 0.9 $10,000 $410
Extended 8.2 £-4 208 0.2 $10,000,000 $3200
Puff Ralease
Core Melt 1.5 -5 2.7 £+8 4.5 $3,000,200,000 345,000
(0.5 E-3 with
Fead b Blend
Capability)
Core Melt 2.1 87 1.0 st 0.2 $3,000, 000,000 530
Following
PRY LOCA

(1) 1/100 of NASH-1400 MR Category 7
(2) /10 of NASH-1400 MR Category 7
{3) HASH=1400 PR Category 4

(4} WASH-1400 PWR Catzgory §

* population exposure for WASH-1400 relsase

catagories from Referencs 2.
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secondary LOCA due to relief valve failure orpipe rupture after overfill
and: = faiTure to reduce primary pressure rapidly; )

The: domrimant: sequences: for- the minor release category are: (1)
secaondary relief valve usage om the damaged steam generator loop and z
fatTure to reduce primary pressure rapidly, and (2) a secondary LOCA with
continued: feedwatar input to the damaged: steam generator loop.

Note that a secondary LOCA release is diluted {f feedwater to the
damaged steam generator is permitted.

. The study used an adaptation of a network analysis similar to 2
Markov model to formulate a logic structure for the evaluation and to
delineate possible accident sequences. The study did not use event trees.
A data base formulated from WASH-1400 (Reference 1) and IREP studies
(Reference 3) providéd information used to determine probabilities
assoctated with network branches. The results are intended %o be generic
for the purposes of the value-impact assessment, but were obtained for a PWR
system similar to the Sequoyah NucTear Plant. Because of the short schedule
and Timited resources for this aspect of the study, no sensitivity studies
or uncertainty analyses were performed, even though important conclusions
were drawn from the results. Nevertheless, the study, which is described in
Appendix B, was quite extensive and performed to 2 considerable level of
detail., It may be of interest to the Probabilistic Risk Assessment
community at large not only for its results but for its novel approach and
the detail to which it modeled operator involvement in the progression of
accidents.
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The- value-impact (V-I) assessment for &ach of the twelve
requirements: is presented im this sectiom as "stand-alone” subsections.
WhiTe each requirement utilizes the baseline datz described im Section III,.
the fndfvidual subsection discusses and presents the following informatiom
for- each proposed requirement:s

. § Statement of the NRC requirement and {ts bases;
Description and analysis of data related to probability changes,
costs, and radiation exposures; and

o Oiscussion of public risk reduction, implementation plans, and
alternatives to the subject requirement.

The requirements were grouped into three types of actions,
according to how they were perceived to affect SGTR. The first group,
preventative requirements, would reduce the probability of experiencing
SETR. Included in this group are the following requirements (numbered as
they are presented in this section):

1. Prevention and Detection of Loose Parts

2. Steam Generator lnservice Inspection Program
3. Improved Eddy Current Techniques

4. Upper Inspection Ports

§. Secondary Water Chemistry Program

6. . Condenser Inservice Inspection Program

7. Stabilization and Monitoring of Degraded Tubes.

The second group consists of two requirements dealing with limits
on operating parameters. These are:

8. Primary to Secondary Leakage
g, Coolant lodine Activity.

Iv-1
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The- third group of requirements are intended to mitigata or avoid -
adverse SGBTR consequences. These three requirements are:

-
-

10. Reactor Ccolant System Pressure <
II. Safety Injectiom Signal Resat
1Z.. Containment Isalatfom and Resat.
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1.0 VALUE-IMPACT™ ANALYSIS FOR “PREVENTION AND:DETECTION OF LOOSE -
PARTS: AND. FOREIGN: OBJECTS IN STEAM: GENERATORS™ REQUIREMENT

-

-
-

-
-

L. SUMMARY

This sectiom describes the: proposed: requirement and. the: bases for
fts seTectiom and: suimarizes the result of the value~-impact amalysis.

I.I.L Description:

This analysis addressas the requirement proposed by NRC (1) to
prevent the {ntroduction of loose parts and foreign objects into steam
generators or to detect the presence of them on the secondary side of steam
generators. The NRC recommendation would require three actions. They are:

1. Steam generators shall be inspected with an appropriate optical
device on the entire periphery of the secondary side inc]uding the
tube lane for purposes of identifying loose parts, foreign objects
on the tubesheat and peripheral tube outside damage just above the
tubeshest. For PNR OL applicants, such inspections shall be part
of the preservice inspection. Licensees shall perform inspections
(a) at the next planned outage for eddy current testing of steam
generator tubes, and thereafter, (b) after any secondary side
modification or repairs to steam generator internals, and (¢) when
flaw indications are found in the free span portion of peripheral
tubes unless it has been reasonably established that the indica-
tions did not result from damage by & loose part or foreign
objects. The inspections in (a) above are to be performed until a
LPMS as deseribed in action 3. below is implemented.

2. Quality assurance procedures for steam generator primary and
secondary side operations and maintenance, repairs, and inspection
operations shall be reviewed and revised as necessary to ensure
that an effective system exists to preclude introduction of
foreign objects intoc either the primary or secondary side of the
steam generator. This effort should apply to licensee quality
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opened and should inclTude dataiTaed accountabiliity procadurs for
all foreigm abjects entaring the steam ganerator as well as for
alT components. and parts removed from the. internals of the steam
generator. 2

3. AlIT pressurized water reactaors shall have installed and
operational 2 Toose part monitoring system (LPMS). The systam
shalT be: capable of monitoring the staam generator secondary side,
as welT as the primary side, and shall conform to Regulatory Guide
1.133. Sufficient sensors shall bes provided in acoustically
coupled regions of the staam genarator to snsure adequata L2MS
sensitivity for dataction of lcosa parts in the secondary side and
the primary channel head.

1.1.2 Need for Action

Operating exparienca shows that the usa of axisting procadures
has resulted in a number of objacts baing inadvertantly laft in both the
primary and sacondary sida of stzam generators at nuclear power plants
(axamples of recant events are in referencas 2, 3, 4, 5 and §). Loose parts
and foraign objects left instde stzam generators were identifizad as the
cause of the tube rupture avents at Prairie Island and Ginna (3, 4, 7),
which resyltad in forced cutages. Furthermore, many of the recant inspec-
tions have found a variety of foreign objects in the secondary side of steam
generators (5, 6). The recommendation of secondary side peripheral visual
fnspection is also needad to ansure that degraded conditions as causad dy
loosa parts on the outar diameter of peripheral tubes are identifiad.

An effective inspection and/or QA program could have detacted or
prevented many of thesa objects from being laft in the systam. An affactive
LPMS could have detected many of the objects 1aft in the systems as well 2s
those parts that became Tcose during operations.

1.1.3 Summary of VYalues and Impacts
The valuas and impacts of implamentation of various combination of

recommendations were calculatad. Results ars summarized in Table 1.0.
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Table 1-0. Summary of Cumylative Values and Impacts for Petection
or Prevention of Loose Parts in a PHR?

Impacts Values
Expected Value '
of Avoided et
Exposure Cost Exposure  Forced Outaqe Cast Javings
Man-Rem Million § Man-Rem Cost mluon- $ ; Hll}lon
Secondary ISI + QA 275-675 0.2 87-165 2.7 2,8
1]
Secondary ISI + QA + LPMSD 175-470 .7-1.0 94-180 3.0 2.0-2.3
Secondary ISI + QA + LPMSC 175-470 .5-.8 - 94-180 3.0 2.2-2.5 " ,
I .. - . ' (

a. Assumes a PHR with 3 steam generators with a remaining plant 1ife of 24 years.
b. Assumes LPMS finstallation is required.
c. Assumes an existing LPMS can be used.

d. Cost assumes a 30 day outage to repair tube rupture; see text for 60 and 90 day oytage cqsts.




The: man-rem impacts are conservatively estimated and are dominatad’
by the QA dose commitments. A range of 375 to 750 man-rem is the astimata
of the upper bound for QA, whereas 2 range of 75-150 may ba closar to the
average. If this {s the case;, them the man-rem 1mpa¢:t is:- ccmparable to. the
axpected value: of* the. avoided man-rem: axposure..

Eaclr of the combimations has z net cost reduction. The net cost

savings are approximataly equivalent to the current cost of one week's
forced cutage.

1.2 APPROACH

1.2.1 ObJective

The objactive of the analysis is to astimata the impacts and
values of implementing the recommandations. Where possibla the dirzct costs
and occupaticnal axposura dosas related to implementation 2are astimatad.
Additionally, a measure, either qualitative or gquantitive, of the change in
risks to the public is addrsssad. The other values to be gained from the
implementation of the recommendations such as avoided forced outage costs
are estimated. Intangidble or hard-to-quantity values, such as the possibi-
lity for avoided occupational sxposure, are addressed only qualitatt valy.

1.2.2 Scope

The scope of the analysis is limitad to activities associated with
steam generators and the incremental benefits and costs of implamanting the
requirements.

1.3 DATA AND RESULTS CF DATA ANALYSIS

1.3.1 Industry

The value and impacts associatad with the nuclear industry are
related to the threa factors identified below:
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. ¢ the change: {m frequency of am event;

¢ the costs of implementation and avoideci costs from prevention of
the event; and: S :

-
-
-

¢ radialogical exposure, that due to Tmnf‘ementati on and that
avaided..

Avoided exposures and costs were czlculated as the difference between the:
expected value before and after the impTementationm of the recommendations.
For- example, the aveided cccupational radiclogical exposure for one year is
expressed mathematically as:

. annual aveided exposure = change in annual event rate x exposure
associated with the event.

The plant lifetime avoided exposure is computed by summing the annual
avoided exposures over the remaining life of the particular plant. In a
similar manner the avoided costs are calculated using the present value of
the event costs in the future years or:

_ remaining 1ife
avaided cost = %change in annual event rate x (event cost)y

where (event cost)j = present value of the event cost in year "“i".

The following discussion s structured to present the baseline situation in
order to give an overall view of the elements of costs and radiological
exposures After this overview, specifics in terms of the change in fre-
quency, the costs and exposure are presented.

Inspection of the Upper Side of Tube Sheet

Implementation of this recommendation requires an inspection at
the next time of ECT. The major requirement is labor, but in addition a
mini-TV camera system or ‘other appropriate optical device ts needed for
inspecting the outer periphery above the tube sheet.
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It {s reportaed that SGs have ports installed for- hand accass thakt -
cam be used to ta fnspect this rigtom (9). For those SGs without these
accass ports, inspections could probably be performed from another port but
withr additional difficulty accompanied by greater:!ahcr cost and, perhaps,
greater- cccupational exposure:- =

Ther {nspectionr will be performed im conjunctiom with ECT, there—
fore,. the effort required: tor access the arm way access port should be small.
I sTudge remaval is performed: along witir ECT them there is no accass
affort. L[t is estimatad that am inspection would require ana day for a
steam generator with a craw of 3 - 4 persons (10). Equipment required to
perform inspection is 2 mini-TV camera or appropriata devica to perform the

visual inspection. Such equipment is prasantly being usad in the industry
(10).

The accupational expasurs for a single inspection of gne st2am
generator would be comparable to the dose associated with a sludge lancing
. procedurs. The doses reported to NRC are not identified by specific tasks;
howaver, astimatas of axposure due to SG fnspection and maintanance are
given for some specific plants (11). Desas are typically less than 100 man-
rem with the average being 75 man-rem, The range is from 10 to 350 man-rem.
Dose data are provided principally by ECT operations. Comparing the
activities required for inspecting the top of the tube sheat with present
inspection and maintenanca activities provides an estimata of the exposure
for this type of inspection of one SG in the range of 5 to 10 man-rem.

The value of the recommendation would be the detection of L) tube
damage due to loose parts or foraign objects or 2) loose parts or foreign
objects themsalves. Appropriate action (e.g., ECT, plugging, removal) would
be taken. Such action could prevent a futurs forced outage dus to tube
ruptura, leakage or dagradation with accompanying impacts.

QA Procsdure Raview and Uograde
The implementation of this recommendation entails review of exist-

ing procedures; assassment of the adequacy of these procedures to pracluds
the inadvertant introduction of lcosa parts/foraign objects into SG during
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maintenance, repairs or inspectiony and if necessary, upgrading the -
procedures. :

The {mpact of implementaticm could Be:as Ui ttle as z few hours,.
for- review and: documentatiom of the: review, to & major effort to develop &
QA program- for- SG maintenance, repairand review. Lt is estimated that
apnmfmtel‘r 2 mamr months are required {f the QA/QC procedures: require

upgrading.

For- any procedure upgrade it is expected that the operational
{mpacts would be: 1) an increase in the labor required to perform mainte-
nance (e.g. due to QC holds for fnspecti ons), and 2) an increase in occupa-
tional exposure. The amount of the increase depends upon the particular
tasks being performed. Based upon the description of the QC changes at the
Ginna facility (7) and discussions with personnel familiar with the QC
changes at Zion (12) after discovery of loose parts, it {s estimated that
the laber required for a given maintenance task may increase between 10 and
20 percent. Most of this increase is for additional QC inspection. The
increase in occupaticnal exposure should not increase as much as the labor
because the additional labor time would be spent, on the average, in a2 lower
radiation exposure area. It is estimated thata dose increase of 5 to 10%
would result. The average exposure for inspection, maintenance and repair
from table § of reference (11) is 146 man-rem; thus increased occupational
exposure for QA 1s estimated ta be 5§ to 15 man-rem per reactor per year on
the average.

‘The value of the QA/QC procedure review is the assurance it gives
when activities are performed that foreign objects are not fntroduced into
the SG. The same benefits mentioned above would apply to an improved QA
program.

LPMS Installation

This recommendation requires the installation operation and/or use
of an LPMS system. A LPMS channel consists of detector (an accelerometer),
preamplifier, and signal processing unit(s). The signal processing units
are ocutside containment. The signal processing units can be as simple as an
amplifier and alarm circuit or as sophisticated as 2 micro-processor based
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alectronic modules witir very involved: detecttom logic. Some units incor- -
parate false alarm stqnal rejectiom logic,. others way include real time
background nofse measurement and am alarm.signal based on the difference
betweenr total and background: measurement. =

PTants currently using = LPHS may only need anything ta varify
thes capabtTity tox datect signals om the secondary side of the SE im order
tx comply witir the: proposed requirements. Some plants may need to install
one tx three additional channels specifically om or near the secondary side
of the SG. A utility needing battar diagnostics in order to assass the
safaty implications of 2 datectsd Toosa part may want four detactors so the
locattion and siza of the cbjects can be bettar charactertized.

The cost of a LPMS consists of that of matarials and installation.
In 1978-1979 the material costs estimata for a2 installad system ranged from
$40,000 to $150,000 (13). Physical Acoustics Corporation statad a pric2 for
the alectronics of about $2,500 and up per channel(l4). Recantly, in retro-
fit of two channels/SG (4 SG total) on an almost new Westinghouse plant, the
costs were estimated at $17,000 for materials and $140,000 for installation
(15). There is an ongoing NRC raview of the worth of requiring tha backfit-
ting and/cr upgrading of aexisting LPMSs on both the primary side and secon-
dary side of steam generators (3).In July 1982, the NRC {3) statasd that a
complata system inm retrofit mode for the primary and secondary side would
cost $500,000, including calibration and training. Assuming four

detactors/SG and two on the reactor vessel, the cost par channel would be
about $25,000 - 30,000.

Initial calibration takes about two man months for affactive
systams (13). 0&M requires about one man hour/day (13). Considering the
larger plants (1.2., 4 steam genarator loops/reactor) this probably should
ba ascalated to about 1/4 - 1/2 man year/year for 0&M for both a primary and
sacondary systam. One-2ighth of a man year is astimatad to de attributad to
0%M on the sacondary side.

In the avent that a LPMS alarms, an assassment must be performed.
During the rastart of Ginna, 3 Westinghousa team spent about 1-1/2 - 2 weeks
analyzing the signals from the newly installed LPMS (16). Another axample
is North Anna Unit 1 where in Fabruary 1980, and again in May 1982 West-
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Inghouse: LPMS. teams spent: time on site to analyze LPMS signals. Zigler (18). -
estimates the: aTarm assessment cost to be: about $20,000 for 2 simple event
and- $50,000: and. up: for more complex: events. . : :

Occupatfonal exposure: for- installing LPMS before Ginna-Restart. is
115 man-rex (16).. Ancther SG owner quoted am cccupational exposure of 13
man-rem tz inst2IT & LPMS as 2 retrofit at the request of ACRS: (8).

1.3.1.I Assessment of the Change i{m Freguency

For the base Tine case, the observed SG tube rupture rate due to
loose parts is 0.011 per reactor year for plants with Westinghouse SGs.
The data base is very limited in that only 2 events have occurred. In
retrospect, had the three proposed requirements been in place, for one of
the events (Prairie Island) either the inspection after maintenance of the
QA accountability requirements would have detected the cause of the failure
and for the other event (Ginna) either of the three requirements, alone or
in various combinations, would have detected the objects before the event.
Based upon this hindsight and the performance levels that are easily
attainable by the three proposed requirements one would conclude that the
" probability of detection and prevention of future similar events is between
0.95 and I.

Another concern is the presence of foreign objects that may be in
steam generators. The one time fnspection of the tube sheet, the
peripheral tubes and flow lanes appears to be quite effective in detecting
the foreigm objects.

The three probosed requirements are not independent, especially
the QA and inspection after maintenance. This conclusion is based on the
beltef that an effective QA program would include inspection. The LPMS and
initial inspection are also not strictly independent as the calibration
procedures for an LPMS includes measurement of background noise levels. An
effective procedure should assure that the background noises are not due to
foreign objects. Because of the lack of independence the estimates of the
reduction in frequency should be carefully considered.
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The: approacht was first to. considar the combination of the QA and .
inspection requirements, themr the sffect an LPMS would have om the residual
fraquency. Note that as the requirements are statad, the inspection is
required prior ta LPNS,. therefore am astimate of the redugtiom of the resi-
dual frequency after- QA and inspectiom requirements was déveloped.

Am fdeal tnspection and Q& programs. would detzct all loose parts
and foredigmr objects o the tube shest or generated during maintananca. The
{nspectiomr program would also detect any intarnally generated loose part if
it caused damage to the free spam of 2 peripheral tube, and if the tube were
tnspectad, and i the rasults were properly intarpratad. Sinca all parts
causing SGTR have been laft aftar maintanance and wers found on the tube
sheet, 1t is astimated that the dataction probability of QA and inspection
for parts capable of damage is at laast 30 percent. Thus tha change in
frequency is a reduction dus to the detection of loose parts by 0.9, or
0.0059 total per year. The residual frequency is 0.0011 per year,

The LPMS has the opportunity to datact internally generatad loosa
parts and lcose parts and foreign objects not datacted by the QA and inspec-
tion requirements. The datactiom sensitivity of an LPMS {s sat to detact 2
1/4 to 30 pound cbject impacting with 0.5 ft-1b of kinetic energy within 3
feet of the datector. The detaction ability dces not drop abruptly to zaro
for smaller parts or parts impacting with less energy. Thus, considering
the charactaristics of loose parts that could causa SGTR or laaks in a
relatively short time, a reduction probability of at least 70% is astimated.

Tha change in the residual frequaency is from 0.0011 to 0.00033 or a changa
of 0.00077.

1.3.1.2 Radiolegical Impacts and Values

The cccupational dosa asstimatas for performing the [SI for Joose

parts, upgrading QA, and installation of LPMS were addrassad above. Thesa
are summarized below.
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Activity Estimate of Occupational Dose -
Requirement I Inspection §-16-man-rem/inspection of one SG
Requirement 2 QA/QC 5-15 man-rem/reactor year
Requirement I LPMS 10-15 man-rem to' fnstall system/reactor

Inspection of one SG/refueling; is assumed; therefore, for- the: average plant
i three refuelings 21T the SBs would be fnspected, incurring 2 cumulative
occupational exposure: of 15-30 man-rem. The frequency of modification to
secondary side internals and the frequency of detection of flaws in the free
span portiom of peripheral tubes are not as great as that of the tubesheet
area, For purposes of calculating occupation dose it is assumed that SGs
require modification once every five years, on the average. In the avent
that a LPMS is not installed, the inspection would be performed perfodically
over the 1ife of the reactor. Assuming 1.2 SG/yr. are inspected and there
are 25 years remaining life, the cumulative occupational exposure is esti-
mated to be at least 150-300 man-rem. If an LPMS is instalied then the
inspection dase is estimated to be between 40 and 80 man-rem.

In additien to the occupational dose resulting from the implemen-
tation of the requirements, there is a 1ikelihood of avoided dose. The
avoided dose is the dose that would be recefved if a SG had to be repaired.
The occupational dose associated with repair of the Ginna SG was approxi-
mately 350 man-rem (16). The occcupational dose for SG replacement is about
an order of magnitude larger (17, 18). The expected value of the avoided
dose is estimated by using the 350 man-rem value times the change in fre-
quency of tube rupture, Af, per year that results from the implementation
summed over the remaining years of operation (25 years are assumed). Thus
the avoided dose estimate is of x 350 x 25 or of x 8750. In the baseline
case, the freguency 1s 0.011 per year (19) and the change in frequencies are
0.0099 and 0.00077 for QA plus inspection and for LPMS, respectively.
Estimates of the avoided occupational exposures are 37 and 7 man-rem,
respectively.

The calculations for the avoided dose above assumes only repair of
S6 following tube rupture. The dose would be larger by about an order
magnitude if each SGTR required SG replacement. Avoided doses were also
calculated assuming that 10% of SETR events requires SG replacement and the
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dosas are 155 and 13 man-rem for QA pTus inspection and for LPMS, respec--
tively. The occupatiom exposuras and the aveided dose astimatas are
summartzed im the following table. < :

Occupatiomal Dose Impacts and Values -
for a Typical PWR Plant i Man-Rem

[mpact _ Net Value
Actiomr Dosa ta Implement Avgided Oose
ISI 40-80c
QA 125-375 87-153a
LPMS 10-15 - 7-138
TOTAL 175-470 94-173

a. Assumes that 1C% of SGTR avents requiras SG replacemant.
b. Assumes rupturs requires ne SG replacement,

¢. Assumes LPMS installed; if no LPMS is installed the dosa
is 150 to 300 man-rem and total would be 275-675 man-rem,

1.3.1.3 Benafit/Cost Analysis

Benafit/cost analyses wers conducted for ISI and QA; for ISI, QA
and LPMS (assuming a new systam would be installed); and for ISI, QA ana an
existing LPMS systaem. Benefits were dafined as: avoided replacament power -
cost (ARP) lass avoided fuel costs (AFC) plus avoided repair cost {ARC).
The costs wers calculatad for implementation of I[SI, QA, and LPMS: the
banafits and costs ware calculated for a 24-year remaining lifa of a plant.
The cost of capital was assumed to be 3.77% and the cost of rsplacament
powar was assumad to be derived from coal which is ascalating at 2% par
annum.

The annual [SI cost is estimatad as $1,320. This assumas 1.2 SG
inspections per year; one SG a year is subject to ECT and onca avery § years
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a2dditional maintenance is performed. The cost for & mini-TV camera sysiert('
is $28,500 (20).

-
- -

Q& costs are estimated to be a 10%. 1 ncrease:im the inspection and
maintenance costs:. Using datz from NURES/CR-1490 this is estimated to be
approximately 200 hrs/yr. or-0.L mam year/yr. Thus, QA -cost is $1,500/yr
assuming that the QC personnel. Toaded salary is §75,000 per- year.

The: cost of installing a LPMS system on the secondary side is
estimated to cost §200,000 (includes. materials, installation, calibration
and training). One-efghth of a man year is estimated 2as the QM cost, or,
$9,375. Special alarm resolution costs ae estimated to be $35,000 per
occurrence with a frequency of 0.33 to 1 per year.

The avoided replacement power cost is estimated to be 25 mils/Xwh
plus a 10% add on. The forced cutage is assumed to be 30 days, as was the
case with Ginna and Prairie Island events. Thus a ARP cost is estimated to

be $19.8M or $660,000/day. The AFC is estimated to be $.0078/Kwh or $5.6M
for a 30 day outage.

The: ARC” is estimated to be $750,000. This assumes 10 man years of
labor are expended tg repair the SG with § man years at $50,000/yr. and 5 at
$100,000/yr. This estimate is based on the size of repair crews at Ginna,
the down time, and estimates for indirect support personnel. Estimates of
actual man years could not be cbtained.

To compute the net benefit of ISI and QA, the 25 year costs and
the benefits were computed. The 25 year costs are approximately $29K
(camera) plus $121K (QA labor) plus $31K (ISI labor) or 2 total cost of
$181,000. The discounted value of benefits are $276M, $660M, and $1.0168
for outage durations of 30, 60 and $0 days, respectively. The expected
value of the benefit is the estimated reduction in frequency (0.0098) times
benefits, or: $2.74M, $6.56M and $10M for assumed outages of 30, 60 and 90
days, respectively.

The net benefit of ISI, QA and LPMS, were computed from the 25~

year costs and benefits, The benefits are the same; only the expected
value of the benefit changes. A reduction in frequency of 0.01067 for an

Iv.1-13



axpected banefit of $3.0M; $7.1M, $10.8M for outages of 30, 60 and 90 days,.-
respectively are computed. The same 25 year QA cost ($121K) would be incur-
red but the ISI cost would be only $3K (becausa no recurring annual inspec-
tiom would be: required: and: only after maintenanca)” The 25 year LPMS costs
are $200K tnstalTatiom, plus $I155K (Tabor) plus $187K to $562K (for special
a2larm investigation) or a total of $542K to $317K. The net benefit of ISI,
QX,. and LPMS s SZ.I-Z.5W.

[ the avent that amr LPMS is already installed, then the cost of
ar LPMS. would be reduced as much as $200,000, in which casa the net benefit
would increase accordingly.

1.3.2 Public Risk

The change in risk to the public is calculatad using tha thraa
accident consequences discussed in Section [I[.5. Thay are cors melt, major
and minor radiation ralease. The annual risk to the public is given as:

Risk = (cost or dosa/event) x (probability of the accident given a
tube rupture) x (annual rupture rata)

The changa in risk is given by the same equation but with the annual rupture
rate replaced by the change in the annual rupture rats. For the accidents
the values for core melt are: cost $3x109; dose 2.7x106 man-rem; and proba-
bility of accident given a rupture 1.5x10-5, For major radiation relaase
the cost is $1x107, dosa 2x103 man-rem and probability given a rupturs 3x10°
9: and for a minor radfation release the cost is neglibla (assume $104),
dose £2.3x103 man-ram, and probability given rupturs 4x10-2. Table 1-1
summarizes the reduction in risk to the public.

Although the secondary ISI, GA and LPMS requirements significantly
reduce the probability of tube rupture due to lcosa parts, they contribute
small public risk reductions.

1.3.3 Implamentation

No impediment to a timely implamentation schedula was identifisd.
Data for this analysis were obtained from a number of companies supplying
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Tahle: I=L Summary of Public Risk Re_éuct‘lon

Annual Life of Plant*
ARctiom Accfdent s Man-Rem $(1000) Man-Rem
Secondary ISI Core Melt 440 0.4 7 9.5
+ QA Major Release <l <10-3 <.7 1
Minor Release 4 .9 <.l 22
LPMS (Given  * Core Melt 30 03 5 5
ISI + QA) Major Release - < 10-5 - <l
Minor Release - 07 - 1.7
* Qver 24-years remaining .
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services and hardware. The 1981 Nuclear Naws, Buyers Guide issue, has 1% -

1istings under- LPMS.

L.3.4 Altarnatives =

..
p

A alternative suggestad upom examinmation of the values and
impacts is to require only: Q& and. inspectiom. Tabler L shows clearly that a
greatar net value (“benefit®) {s achieved with' ISA and QA.

1.4 REFERENCES

1. Memo, T.A. Ippolito to 6.C. Lainas, Forthcoming Meeting with Staam

Generator Owners Group “Proposed Staam Generator Generic Requirsments,
July 22, 1932,

2. Lattar, W.S. Little (NRC) to Commonwealth Edison Co., Inspection
Summary., June 15, 1982.

4. NRC -—— NUREG-0903.

5. Memos, L.3. Engle to Distribution, Daily Highlight, June 13, 1982, July
1, 1982.

§. Handout for 3riefing, Operating Reactors Events 3riefing, August li,
1982, presented by R. Cilimberg.

7. NRC --- NUREG 0915.

8. Communication, S. Spector, Ginna Station.

9. NRC Staff, 3riefing of CRGR, Justification of Lattar to Licensaes for
Evaluation and Implementation of Loosa Parts Monitoring Program in

Accordance with Ragulation Guide 1133, July 1982.

10. NRC Staff, Draft --- NUREG-0844.
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1%,

1s.

16.

17.

Personal communciatiom with H. Hansernman of Zetec.. .

-
-

NRC. == NUREG-(886.. s
Oel Gearge, L.0.,. to J.G. Keppler (NRC), Response tao I&E fnSpecti om,
July 16, 1982. ' '

R.C. Kryter, and C.W. Ricker, Charzcteristics and Performance
Experience of Loose-Part Monitoring Systems in U.S. Commercial Power
Reactors, NUREG/CR-0524, March 1979.

Personal communications with President of Physical Acoustics
Corporation. :

Personal communications with G. Zigler, Member of ASME writing group
for development of standard for LPMS.

Personal communication with J. Lyon (NRC, Project Manager for Ginna).
NRC --— NUREG-0692.

NRC -—- NUREG-0743.

Quotations from Sutter and Company, Inc. based on Hydro Products/Tetra

Tech Co. Radiation Telerant Scanner Television Camera Package, August
29, le8z.
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7.0  VALUE-IMPACT ANALYSIS OF *INSERVICE
INSPECTION PROGRAM* REQUIREMENT

-

-
.-

L SUMMARY

This sectiom presents the: proposed requirement and: the basis for
jts selection and summar{zes the results of the: value-impact analysis.

z.1.1 Description

This analysis addresses the requirement proposed by NRC (1) that a
revised program for inservice inspection of steam generator tubing will
{ncorporate the following changes into the Standard Technical Specifications
(STS) for each pressurized water reactor unit:

Tube Inspection in U-Tube Steam Generators) - Regquirement 1

Inspection of tubes in U-tube steam generators will be a full-
length inspection, including the hot side {hot leg), U-bend, and cold side
(cold leg) of the tuhing. This regulation does not require that the sample
populations for hot Teg and cold leg inspection be from the same tubes.

The current STS do not require inspection of the cold legs below
the top support plate. :

Testing Frequency and Sample Selection - Requirement 2

a. Each steam generator will be inspected at least once every 43
months.

The current STS allow inservice inspections to be limited to cne
steam generator on a rotating schedule if previous inspections
indicate that all steam generators are performing in a similar
manner. The current regulations alsc permit the interval between
inspections to be extended up to 40 months if two consecutive
inspections show that previously observed degradation has not
continued and no new degradation has occurred. Under these
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optimal conditions, the: intarval batweem required inspections .
could be as Tong as 160 months for- & four-loom plant. The new
requirement reduces the: maximum {nterval to. 43 months.

B. PTant technical specifications may be amended to- identify special
subsats of tubes whtichr are {ndependent of the genaral tube
inspectiomr populatfom. Specfal subsats require 100% inspection.
The resylts of the inspectiom of special subsats wilT not be used
ta cTassify the results of the general inspectionm or inm meeting
the minimum sample size for- the general inspection.

There are three catagories of inspection specified in the current
STS. [f the rasults of an inspection do not satisfy the critaria
for a given catagery, the STS requira continuing into the next
catagory until aither the category's critaria are satisfied or
1002 of the tubes have been inspactaed. This approach does not
recognize situations wherein well-defined localizad groups of
tubes (subsats of tubes) aexperienca degradation because of a
unique desrign feature or phenomenon. In such casas the licenses
could be compelled to {nspect larger numbers of tubes than
raquired to address the specific problem. I[dentification of
subsats of tubes will give a licenses mors flaxibility in this
situation.

Supplementary Samoling Requirements - Requirement 3

The current STS specify suppliementary sampling requiremaents dasad
on the number or percentage of inspectad tubes found dafective or degraded.
Thera are thres catagories of sampling sizes (C-1, C-2 and C-3) progressing
from the initial 3% sample to the inspection of 100% of the tubes.

This new requirement assantially replaces the three currant
categories with two categories. The first catagory, the STS catagory C-1

specifying the initial 3% inspection size, remains unchanged. The sacond
catagory is defined as follows:
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If eddy current inspectiom pursuant toc. the reqﬁdrements in Sample
SeTection and Testing: indicates that (2) one or more tubes are
defective (have defects with- wall penetrations exceeding the
ptugging 1imit) ar (b) 5% or more of the Eubes inspected are-
degraded: (have & previcusTy undetected defect of 20% or greater
depthr or extribit greater tham 10% further wall penetratt on),
additfonal inspection shall be performed as folTows:

Im each steam generator where the above: 1imits were exceeded,
addttional tubes shall be inspected. The sample size for this
inspection shall be either 100% of the tubes in the steam
generator or shall be based on plant-specific analyses defining
the 1imfting tolerable number of tube failures. Analyses of
postulated loss of coclant accident and main steamline breaks
(within and outside containment) with concurrent steam generator
tube failures would be performed to determine the tolerable number
of tube failures.

The sample size required to be inspected to ensure that a
probability no greater than 5X exists of accepting 2 generator
with greater than the limiting number of defective tubes is then
determined by the methods inm NUREG/CR-1282.

This second category of (supplementary) inspection may be limited
to a partial Tength inspection of each tube, providing the
inspection includes those portions of the tubes where
imperfections were previously found. Furthermore, this
supplementary inspection may be limited to subsets of tubes if it
can be shown from previous inspection results or from unique
structural or mechanical design that the degradation is limited
to well-defined areas of the stsam generator tube bundle.

Denting - Requirement &
A gauging or profilometry inspection shall be performed if the
standard diameter eddy-current probe cannot pass through a tube. The

objective of this inspection is to determine the magnitude and extent of
tube denting. Applicants and licensees will submit an ingpection program
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}‘or denting for- staff review and approval. This program, whichr will be-
included im the: plant STS, will include criterdia for establishing the scope

of 1nspections and an’ acceptance critari or or denting 1imit based om tube
restriction or wall straim. -

-
-

The: current STS have na requirements ralatad ta inspection for
denting..

Inspectiom Intarvals - Requirement 5

Am unschaduled inspectiom pursuant to the STS is required if a
plant is shut down to repair primary-to-secondary leakaga, regardlass of
whether or not tha leakage axcsads the leak rate limit in the STS. An
unscheduled inspection is not required if the leakage is causad by "lsaking
plugs®.

‘The current STS do not require an unscheduled inspection {f tha
leak rata is balow the limit in the plant technical specification.

Acceptance Limits - Requirement §

A definition of the denting limit shall be added to licansesa's
tachnical specifications to stats that the denting limit means that amount
of tube restriction (if gauging inspecticns ars being performed) or strain

(if profilometry inspections are performed) beyond which the tube must be
plugged.

The current STS do not include an acceptance 1imit for denting.

Renorting - Requirement 7

The curraent raquirement in the STS for the prompt reporting of
inservice inspection rasuylts prior to the resumpticn of power oparation is
related to inspection results falling into Catagory C-3. With the
consolidation of tha inspection catagories discussed earlfer, it is
necassary to redefina the requirament for the reporting of such information.
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Therefore,. licensee's technical specifications. shal T alsc be
changed: ta require that if, im the { gspection pursuant to the SampTe
Selection and: Testfng sectfom, 5% of more off the inspected tubes are
degraded: er exhibit greater tham 10X further walT péhetrati om since: the
previous inspection or if any tube: has fmperfections or denting: that exceed
the pTugging or-denting: Tfmit, the results of the completed {nspections
shalT be reported: tor the NRC before power- operatiom is resumed.

z.1l.2 Need for- Actiom

The current I[SI requirements for the tube inspection have
" generally been effective, although their theoretical basis is limited. The
required 3% tube inspection sample coupled with the technical specification
Teak rate limits have been generally successful in identifying tube
degradation. This success is due largely to the fact that the primary modes
of degradation affecting operating steam generators are mechanistic in
nature. They result either from adverse chemical conditions, improper
mechanical design, fmproper materials selection, or 2 combination of these
parameters. The result {s that when improper conditions occur, the
degradation ts not generally isolated but effects 2 large number of tubes.
Thus, the initial 3% sample size is sufficient to identify those steam
generators which are experfencing general degradation. Because of this, the
3% inspecticn has also proven sufficient to determine if a steam generator
tube Teak {s the result of an fsolated incident or if it was the resylt of a
significant mode of general degradation.

In general, the operating experience with steam generators has
shown a more rapid degradatfon of tube integrity than originally
anticipated. This degradation has occurred through a wide variety of
physical causes and failure modes(2). The degradation is also quite non-
uniform, because the behavior of one steam generator may not Bde
representative of the behavior of other steam generators in the same plant.
The overall result of the rapid degradation in the tube integrity has been
more frequent and more extensive ISI than was planned in the plant standard
technical specifications and in Regulatory Guide 1.83. The proposed changes
to the plant STS are largely a result of the latest operating experience
with steam generators.
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Z.1.3 Summary of Values and Impacts

Five major changes ta ISL procedurss ars avaluated in this
value/impact analysis.. Thesa changes. are (i) cold Teg inspection, (ii,a) a
max{mure interval of 48 months betweerr inspections, (i1,5) dafinition of tube
subsets,. (111) changes in sample populatiom far supplementary inspection,
(iv) inspectiom for- denting, and: (¥) unscheduled inspections for- primary-to-
secondary Teaks. The results off the: value/impact analyses are summarized in
Tahle Z-0. Generzlly, the requirements have favorable economic and dose
benefit impact ratios. Omly the full length inspection occupatiomal dosas
axceed the axpectsd value of the avoided occupaticnal dosas.

The short-term impact of the maximum interval of 43 months batween
inspections is that perhaps 3% of the sta2am generator population will
require an initial inspection in order to conform to the 43-month schedula.
The long-tarm impact will be negligible, bacause the avarage interval
batween inspections is currently 2 to 3 years.

We conclude that there is substantial value to a maximum intarval
of 48 months batween inspection, with only minor impact on current
inspection practices. The financial impact on the plants which require
fnspection can be minimized by extanding the interval for the required
inspection up to the next refueling outage.

The dafinition of spacial subsats of tubes permits greatar
flexidbility during ISI. The flaxibility could reduce the cost of IS
without compromising the validity of the initial 3% sample. This change in
the STS has an obvious value with not negative impacts.

The fifth requirament fs for an unscheduled inspection whenever 2
plant goas off-line due to the primary-to-sacondary leakage rate. In
general, leakage to the secondary side indicatas degradation and possibly 2
potential tube rupture. Hence, an unscheduled inspection is appropriata to
define the modes of degradation and to raepafir leaking tubes in the staam
generator. No quantifiable benefits are known at this time. Tha balief fis
that Taaks will proceed until 2 schaeduled outage or until they exczed
technical specification. At such time the staam generator will be inspectad
to detarmine the status of dagradaticn that axists.
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Table 2-0  Summary of [mpacts and Values Over
24 Years Life of a PHR for the
Inservice Inspection Requjrement.

percis yALUES
Decopations] Freseat North  Avolded Expetares (wsn-yeu)  Avatded frosnf Horih fort ‘M
Erporure Comty Occupst tona) Public ndustry U
Requirement (mon-ven) (" ’
a) Full-tength (nspection 40°-300 N JE 1.2 Q.30
») Sub-set Selection/ aeg. ney. ney. not quantified
faterval Change '
¢) Suppliementery Savpliing ney. = o 30 - )50 $.3-5.4 i
d) Denting/Deating Linits n - L ™. 40 ey d- 4 'c!’
' 9
8) Uascheduled 151 10 - 50 § ond not quantified a0t quenyified ‘
Upon Shutdown L
1) Reporting neg ney none pong
[}

. Does not iaclude one-time optional plant-specific analysts cost of 100-150K,
46 Only plants with eatensive denting (255 of CESM SB3) require recurring gusging costs of 15-45K/yv.
ese  pAgswses shut-duwa for repalr whea lesh rate doas not chenge.

ssss  paly IX reduction In rate of forced oulages.




Z.Z APPROACH

z.2.1L Objective

-
-
-

The sbjective of this study is to perform a value/impact (V/1)
" analysis o the proposed changas ts plant tachnical specifications for
fnservice inspecttons. The value/impact analysis as defined here is
concerned witl three areass cost, dose, and probability change. That s,
the key questtions during the V/I analysis ares

-  What is the change in cost associated with new ISI proceduras?
-~  What {$ the change im dosa associatad with new [SI procaduras?

- what is the change in probability of staam generator tube laakage
or tube rupture associatad with the new ISI procadures? How does
this change in probability affact the risk to the public?

The answers to thesa to thesa questions are then interpratad as
values and impacts. Typical values are lower radfaticn exposure during ISI,
lowar probability of steam generator tube leakage or rupture, and lowar
reactor operating costs from better ISI. Values may alse rasylt from the
datection of new modes of dagradaticn and from reduced risk to the pubiic.
Typical impacts are increased cost and increased radiaticn 2xposure from an
axpanded inservica inspection program.

2.2.2 Scope

The particular aspects of the cost, dose, and probability issues
which were addrassed this study ara:

- Detailed costs of inservica inspections

- Radiation exposuyre during inservice inspections

- cast of unanticipated outages, if any

- physical limitations of ISI equipment, if any

- cost of supplemental analysas {f any, and

- change in probability of tube leakage or tube rupture.
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FinalTy, this study evaluates the fncrémentaT changes im costy
dase,. and probability,. using: current fndustry practices as a baseline.
Current industry IST procedures: are: generally mére extensive than the ISI

procedures required by the plant technical speci‘ficat‘lons,. so this
difference {s amr important one..
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7.3 RESULTS, OF ANALYSIS

z.3.1 Industry

[ this sectiom the impact om the industry s assassad. The
assessment is organized by requirement. Cold leg fnspectiom is discussed inm
Subsectiom Z.3.1.I, Subsat Selectiom and ISI Intarval Reductton Subsection
Z.3.1.Z, ate

2.3.1.1 Cold Lag Inspectiom

Recant operating experienca with stzam generators has shown that
the cold leg side of sta2am generator U-tubing is susceptibla to various
medes of degradaticn, such as wastage, pitting, denting, and fratting wear,
The current STS require inspection of the hot leg side and U-bend of staam
genarator tubing. The proposad change to plant STS will also raquire
inspecticn the cold leg side, at least for the initial 3% sample population.

Current industry practice on cold leg ISI {s summarized in the NRC
prepared tables, Operating Experienca with Westinghcuse PWR St2am Generators
through January 3, 1982 and Operating Experiance with Combustion
Engineering PWR Steam Generators through January 4, 1982, Similar tables
axist for 3abcock & Wilcox (B4W) reactors (5), but are not considered here
bacausa B&W staam generators (SG) are not of the U-tube design. Basad on
thesa tables, the following picture emerges:

For Wastinghousa (W) Plants:

- The cold legs are always inspectad at 32 steam generators
- The cold legs are somatimes inspected at 27 staam ganerators
- The cold legs are not inspectad at 4 staam generators
- Data are not reported at 21 ste2am generators

(ISI data are not split into cold leg [SI and hot leg Is1)
- ISI has not been performed at 21 steam generators.
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For- Combustion Engineering: (CE) Plantsz
= The cald legs are always fnspeéte& at* stean_r: generators
~ The cald Tegs: are sometimes inspected: at Z stzam generators
« The cold Tegs are not inspected at § steam generators.

kpproximataly 50X of the: steanr generator population: has some ¢old Teg
examinatiaomr during IST.

The major- impacts: from requiring cold leg inspection will e in
two areas: (1) ECT equipment must be moved to the outlet outside of a steam
generator, and (it) additional time fs required for cold leg ECT. The ECT
equipment must be moved because the ECT probe cannot pass through the )
smaller radius bends im Westinghouse and Combustion Engineering steam
generators. For example, the first nine rows of Westinghouse steam
generators will not pass the standard ZETEC probe (6), so ECT equipment must
be moved in order to inspect the cold legs.

The estimated dose for moving the ECT equipment to the outlet side
is based on the following estimates (7):

- preparation of area: 2 men for 10 hours,

- moving ECT equipment from finlet to outlet: 2 men for 2-4 hours,

- installation and removal: 2 men for 45 minutes on the manway and
of ECT equipment: 1 man for 15 minutes in the channel head

- dose in channel head: 4-30 rem/hr

-« dose inm manway: 0.4-3 rem/hr

- dose in preparatton and moving: 0

The estimated dose for installation of ECT equipment on the outlet
side is then 1.6 to 12 man-rem per steam generator. This estimate agrees
with data in (8), which gives 1.3 to 8.0 man-rem for Westinghouse Series Sl
steam generai:ors and 2.5 to 9.9 man-rem for Combustion Engineering steam
generators. Installation of ECT equipment on the outlet side will
approximately double the radiation dose from ECT testing. ‘

The {ncremental cost for installation of ECT equipment and testing
on the outlet side is broken into (1) costs for moving and installing the
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'eqwlpmem‘: and (11) costs for- the additional testing. The costs for moving -
and installiag the equipment assumas $45/hr (7), for- 25,75 to 29.75 man-
hours (see abave). Rounding ug tx 30 man-hours,. this elemeat of the cost is
$1,350. = -

The: addttional cost for- tasting is based on ZETEC data (5)¢

- ECT rateforhot Teq stde onlys 60 tubes/hour
-  ECT rat= for- hot Teg side + U-bend 43 tubes/hour
~  ECT ratz for- full length testing: 20 tubes/hour

-~  Fixed costs (for transportatiom, aquipment, atc.): $635,000

- Testing one SG witlr Z crews in 10 hour shifts: 515,000/day
-  Testing two 58's with 4 crews in 10 hour shifts:  $22,000/day
-~  Tasting three SG's with § crews in 10 hour shifis: $28,000/day
-  Testing four SG's with 9 crews in 10 hour shifts: $33,000/day

Tasting is assumed to procaed in parallel. Full-langth tasting refars to
inspection of the hot leg, U-bend, and cold leg.

Consider tasting the initial 3% sample for the hot leg piug U-bend
versus full length testing in one staam generator. The following tabla
defines the increment in hours and dollars for this tasting:

Plant No. of tubes kK 4 Add'l hours for  Addtional dollars
Type per S8 Samole full-length ECT for fu11-3enqth £CT
W, 4 loop 3400 408 tubes 10 + 4 hours $10,500.
W, 2 loop 3300 198 tubes 5 + 4 hours $ 6,750,
CE,2 loop 8500 510 tubes 12.75 + 4 hours $12,600.

In the table, an additional 4 hours have been 2added to the ECT hours because
the ECT taam is idle while the aquipment is transferrad from the inlat to
the outlat side. Hours ware converted to dollars at §730/hour, basad on
$15,000/day with two 10-hour shifts. Other data in this table are basad on
(3), page 55.
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The: tatal {ncremental cost for cald Teg ECT on the imitial 3;.'.:
sample: {s then between $8,100 and: $14,000 per-steam generator. The base
cost for 2 minimal ECT inspection: of & 3% sample is: the: fixed cost ($65,000)
glus ane day of testing ($15,000) for a total of $8G3000. Full-i ength
testing tncreases the minimum cost by 10%-to 18%. More typically, ECT om
twa: steam generators requires: & days,. for- & testing: cost of $153,000. The
fncremental cost for- cald Teg ECT o two generators is $15,000 to $28,000,.
or agatm 10% to- 18%.

Note that the cost estimates are concerned with incremental cost
for additional ECT. Plant support costs have been included only in terms of
1nst§11at1on and removal of ECT equipment.

A1l data are for a 3% sample; although extensive cold leg testing
is required on certain plants, this is rather plant-specific and difficult
td include in a generic analysis.

Qualitative values for the propesed change in plant technical
specifications are clear. The proposed change will standardize ECT
inspections of the cold leg side, & known Tocation for tube degradation.
Detection of these defects will reduce the probability of a leak or 2 tube
rupture om the csld Teg side of the tubing. This reduction in probability
leads to fewer unanticipated outages from steam generator leaksand fewer
tube ruptures on the cold leg side.

2.3.1.1.1 Reduction in Frequency

No previous tube failures have occurred on the cold 1eg side and
1ittle information is available on potential tube problems there. Thus
benefits and dose reduction estimates can be examined parametrically. The
range of the parametric variation {s from 1 to 25% reduction in the
frequency of forced outages due to leakage. The base-line frequency of
occurrence is 0.188 per year.

2.3.1.1.2 Occupaticnal Dose
The occupation dose incurred as 2 resyit of implementing the

recommendation is at least 1.6 - 12 man-rem per year (one steam generator).
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The avoided occupational exposure fs: due to avoidance of leak repair. The .

annual avotded occupatiam dosas estimated for 3 1, 10, and 25 percent

reductior of frequency of forced cutage due to 1eakage are .3, 3, and 7 -

man-rem raspectively..

-

-
-

Z.3.L.I.3 Cast

The: incremental. cost for- {mplemention of the proposed full lengthr
{nspectiom is $F = 15K per- year or SI40 - 234K over 2% years. If, during a
forcad cutage 3 full Tengthr inspection is required the ECT time is axtanded
by ane day. The annual avoided caost estimated for a 1, 10, 25 per cent
reduction of frequency were $.3M, $2.8M, and $5.3M, raspectively. These
avoided costs assume 1 full length inspection is performed when a forced
cutage cccurs. For full length inspection during a schedulad outages it is
assumed that inspection is accomplished off the critical path and no benafit
accrues from avoided replacement powar cost, atc. The benefits ovar 24
reamaining years of life an $4.3, $4.3M, SIIOM for 1, 10, 25% raduction
fraquencies respectivaly.

2.3.1.2 Subsaet Salection and ISI Interval Reduction

Recent operating experienca with steam generators has shown that
degradation can cccur over a shorter time scale than the maximum allowabla
{ntarval of 30 to 160 months batween {nspections. The proposed change to
plant tachnical specifications requires an inspection of 2ach staam
generator at least onces aevery 43 menths.

A1l steam generator inspections as of January 1982, are listad in
tables (3), (4), and (5). Based on these tablas, the next compulsory
inspection data for all staam generators, assuming a 48-month interval
batween inspections, is summarized in Table 2-l.

The distribution of dates for the next compulsory ISI, 2s shown in
Table 2-1, is very important. Eighty-two percent of the operational staam
generators are not dua for a compulsory ISI until 1984 or 1985. That is,
many st2am generators have been {nspected within the past two years and will
not ba due for ISI until 1984 or 1985.
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Table: 2-1 .
Next Inspection Date for- Steam Generatdr (SG )' Population
With 48-Montir Interval Between IST

Now of SG's ,
Date due for- [ST % of Total Details
up to 1/82 1 1 1 SG at Yankes Rowe, due 7/81
1/82 to 6/82 3 2 1 SG at Zion 2, cue 3/82
1 SG at Maine Yankes, due §/82
1 SG at Cook 1, due §/82
7/82 to 12/82 g 4 1 SG at Beaver Valley
due §/82
"1 SG at Fort Calhoun 1,
due 10/82
2 SG's &t Yinkees Rowe,
due 11/82
1/83 to 12/83 14 11
1/84 to 12/84 25 20
1/8S to 12/8S 78 €2
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Presently among the staam generators that are dus for inspection,.:

one unit 1S beyond the 48-menthr fnterval and three units may be- beyond the
Ag-montir interval. We have not attempted:to update the tables to reflect
more: racant IST because the overall distribution {s*more important than the
detziTs for one pTant. Note that alT the plants whi cif would be due for-
campulsory IST im 198Z haves experienced: little or no degradatiem or Teakage:
{re thefr- stsam generators..

Sasat omr TabTeZ-l, approximataly 5% of the stzam generator
populatiomr will require anm initial change in their ISI schedula to conform
to the maximum inspectiom interval of 43 months. Thesa inspections, on 4 to
§ steam generators, will incur costs and radiaticn exposures as documentad
in .the preceeding subsaction.

‘Bayond the initial adjustment, which is a one-time avent for a faw
steam genarators, the impact of the proposed change can be avaluatad by
analyzing the average intarval between [SI for the st2am generatars at
various plants. Yankea Rowe appears prominently in Tabla 2-1 and, the
average intarval between ISI was avaluatad for this plant. The rasult is
that each steam generator is inspected on the average avery 2.5 years, with
a minimum intarval of § months and a maximum interval of 10 years.

A similar sftuation exists for two other plants in Table 2-1: Zion
Unit 2 and Cook Unit 1. The averaga interval batween inspections at Zion
Unit 2 i3 2.5 to 3 years. The average interval between inspections at Cook
Unit 1 is approximataly 2 years.

Tha 4-year interval between inspections appears quite reasanabla,
becauyse it will force a more uniform inspection interval among all the staam
generators at thesa plants and with minor impacts on long tarm cost or
radiation axposurs. It is difficult to assess the axact cost impact and
radiation exposurs from this change, but it would appear to be quita small
becausa the total number of inspections is not being increased.

The sacond change under Sample Salection and Tasting is the
spec1f1cat10n of special subsats of tubes for 100% inspection. The value of
this change is that utilities and ECT personnal will have the flaxibility to
adjust the ISI sampling tachnique for the degradation machanisms in a
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particul ar steam generators This fTexibility to:define subsets cam only -
reduce the time, cost, and radiatiom exposure durtng ECT, without
compromising the: accuracy of the stati stital samp:le.- for-steam generator ISI..

Benefits, ecomomic and: radteligical, from: these propesed
requirements: are somewhat: tntangible. Quantificatiom has,. of necessity,
been: based: o parametric estimates.. Realized benefits are plant specific,
and: precise quantification requires detailed data whose collection was
beyond: the scope of this effort.

2.3.1.3 Sucplementary Samoling Requirements

The new requirements for supplementary sampling replace the three
current sampling categories, C-1, C-2, and C-3, with two new categories.
The first category of the new requirements is identical to category C-l of
the current technical specifications. The second category is defined as
follows: 4f ECT on the C-l sample shows one or more tubes are defective or
§% or more of the tubes are degraded, then 2 supplementary inspection is
required. The sample sfze for this {nspection will be 100% of the tubes or
will be a statistically derived sampling plan, based on plant-specific
analyses defining the limiting tolerable number of tubes using methods in
(8), which assumes that a probability no greater than 5% exists for
accepting a generator with greater than the 1imiting number of defective
tubes. :

The 1imiting tolerable number of tube failures is the maximum
number of steam generators tubes which can rupture during 3 (postulated)
accidents while still permitting the plant to operate within the established
guidelines forfuel cladding temperature and off-site radiation release.
The postulated accidents are a loss of coolant accident, a main steam line
break within the containment, and 2 main steam line break outside the
containment. Further details of these analyses and preliminary results are
presented in (9).

There are two main impacts from the proposed change: (1) the
rumber of tubes for ECT may be different, and (if) plant-specific analyses
must be performed by the applicants and licensees. The second impact is
addressed first. The plant-specific analyses are performed in order to
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1dent1fy the Timiting number of tubes that car rupture during am accident -
and sti1T meet the established guidalines.

l -

-
-
-

. Thenumber-of Timiting tube fatTures is ar important parameter.
Analyses by theNRC indicate x rangeraf L to I3 for- the 1imiting number of
tube FaiTures. Witlr Timiting tube failures of ¥ or-Tess the statistical

sampling plam fs equivalent t 100% testing. If the number- o limiting tube

FatTures fs tamw or more,. statistical sampling plans are similar to the
current categorfes. Bayond 20 limiting tube failures, the fnitial sample
fraction drops below 15% This small sample would reduce the affort for
ECT. However, 20 Timiting tube failures is beyond the range of values for
axisting calculations.

Thus, with the propasad supplemental sampling requirament the
number of tubes that must be inspected with ECT is very likely to increase.

While the sampla size {s expectad to increasa, the amount of increasa is.

difficult to estimate. The difficulty is becausa the increasa will be plant
specific. In plants that experience very little staam generator tube
degradation the sample siz2 will not change. In plants with significant
dagradation, the sample sizes under the existing and proposad requirament
will 1ikaly ba 100%, or almost. (Nota, some plants already perform 100%
testing as a matter of policy - Raference §.) The principal diffaraencs
batween the current and proposed requirements would be for plants with an
{ntermediata amount of degradation, in which casa the proposed requirament
would lead to a 100% sample instead of on the arder of 25%.

Although is is difficult to estimate the increase in sample size
it {s relatively easy to bound the effort. A 100% inspection of the
remaining 2900 tubes, at (say) 40 tubes per hour for a partial inspection
requires 3 additfomal days of tasting time. The incremental cost for 100%
inspection is then $15,000 par day for three days, or 545,000 per steam
genarator. Approximataly one day would be raquirad to inspect a 20-25%
sampla. A bound on the cost difference is $30,000.

The increasa in radiation dosa from requiring 2 100% inspection

should be minimal becausa additional tima inside the steam generator is not
required. '
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PTant-specific analyses: would probably i*equire § man-months of '

effort per plant, assuming some generfc modeling of plants. In additiom

$25,000 may be: required: for computati onal expense, .and 3 man-months for
review and approval of the analyses. The cost per plant is estimated as
'$100,000 tee $150,000.

The: value: of the: {ncreased sampTing is the: possible eliminatiom of
some: of the: forced cutages due to. Teakage.

2.3.1.3.1 Estimation of the Change in Frequency of Forced Qutage

Any change in frequency, using present ECT, should be proportional
to the increase on sample size. Without detailed information on the sample
sizes presently being used across the itndustry an estimate of the increase
is difficult to specify. However, for those plans with few and several
degraded tubes there is no difference. Based upon information from informal
surveys and summary data in (2) {t is estimated that the increase would on
the order of 10 to 30 percent across the industry. Assuming that ECT
techniques can detect at Teast 50% percent of defects that can lead to
leakage in the next cycle one would estimate the frequency reduction to be
on the order of § to, perhaps 20%. The present {ndustry average for forced
shut downs due to leakage, the frequency is 0.188/yr. Thus a reduction of
0.009 to 0.038 is estimated.

2.3.1.3.2 Radiation Dose

The occupational dose incurred to implement the requirement is

negligible. The estimated avoided occupational dose is from 1 to 5 man-rem
per year and 30 to approximately 150 man-rem over 24 years. :

2.3.1.3.3 Cost

The cost increment required to perform the inspection is bounded
by approximately $30,000 per year (assuming only one steam generator is
inspected). On the average perhaps 1/3 to 1/2 of the time additional
inspection would be incurred, thus an annual average cost is §10 - 15K for
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‘1nspecti on. If plantspecific analyses are performed,. 2 one time cost of -
$100 - 150K is estimatad. The estimated avoided cost due ta aveidance of
forced shut down due: ta Teakage, 1s estimated to_be betweem $.1 and .4
miTl{om per year:.. . - -

Qver- 2 24 year remaining plant Tife the present worth of the
avatded costs are haetweemn $1.3 and 5.5 ¥, and the implementatiom cost
appraximately $.Z W for- additional {nspection plus the cost of plant
specific analyses (if chosen). Thus, use of improved ECT tachmiques has a
favorahle economic {and. cccupational dosa) benaf{t/cost ratio.

2.3.1.4 Qenting

Sinca 1975, the deformation or denting of staam genarator tubes
has occured at many Westinghousa and Combustion Engineering plants. Current
coedes and regulations do not address inspection methods for quantifying tube
denting. The axisting ECT mathods ara capabla of deatacting the initial
onsat of denting. However, the magnitude of large dents cannot be
quantified by ECT.

The value of the proposed change is that approved inspection plans
for denting will be established for all facilities. Denting is an impertant
degradation mechanism is staam generators. Denting (alene) can enhance
stress corrosicn cracking, leading to through-wall cracks and leaks at tuba-
to-support-plata junctions. Denting, combined with flow slot hourglassing
(a deformation of the rectangular flow slot in tube support platas), caused
U-bend stress corrosion cracking and led to the staam generator tube rupturs
at Surry Unit 2 in September 1976 (11). Datection and monitoring 3f denting
must be an important part of a steam generator ISI program.

The principal tschniqua for monitoring the prograssicn of denting
is mechanical probing of tubes with ECT probes of different diametars. This
probing tachnique 1s called gauging. Typical probe diameters for gauging
are 0.72-inch, 0.65-inch, 0.8l-inch and 0.54-1inch. Plugging critaria for
degraded tubes ars based on the results of gauging. Saversly dented tubes
are usually plugged becausa thesa tubes ara most 1ikaly to davelop stress-
corrosion cracks and laakage ((9), page 5-11).
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Am: zlternate tachnique for- monttoring the progressiom of denti ng
$< to measure the shape or profile of the tube cross: section. This
measurement. technique: is calTed profilométry. Peofilometry, which is more
accurate thar gauging;. is not im widespread use at Westinghcuse plants (N
and: wilT not be discussed: furthers. . ‘

The proposed chrange to plant techni cal specificatfons requires
that 21T appTicants and Ticenses shall submit am tnspectiom program for
denting for staff review and approval. Thic program, which will be: included
i the plant technical specifications, will define the scope of gauging or
profilometry inspections and will define acceptance criteria (or limits) for
denting, beyend which a tube must be plugged. This program will be
implemented if and when the standard diametar ECT probe tannot pass through
tubes in the steam generator.

The incidence of denting in operating plants is summarized in (3)
and (4). These tables show that for:

Westinghouse plants:

7 plants with 23 steam generators have experienced extensive denting
2 plants with 4 steam generators have experienced moderate denting
g plants with 30 steam generators have experienced minor denting

14 plants with 52 steam generators have experienced no denting.

Combustion Engineering Plants:

1 plant with 2 steam generators has experienced extensive denting
1 plant with 2 steam generators has experienced moderate denting
5 plants with 11 steam generators have experienced minor denting
1 plant with 2 steam generators has experienced no denting

8LW plants have not reported any denting to date ((1), page 13). The
definition of extensive, moderate, and minor denting {s contained in (4).
Note, approximately 25 percent of the CE and W plants would be subject to
gauging or profilemetry.
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(1) preparatiom of am approved IST program for dent1ng and (i1)
impTementation of this program i denting ocgurs..

-
-

Preparation of the IST programr i assumed: tor re:éu‘lr& 1/Z -1 man
montle per- plant or-$5 = 10K per plant. Preparation of this ISI plan will

requires intaraction betweer the applicant or Ticensee and the NRC staff.
This tnteractior may add 2 mam-month tg. the total effort.

The cost {ncrement from implementing a gauging program for denting
is estimatad to be approximately the same as the cost for ECT tasting, The
squipment for gauging is the standard ECT equipment with probes of various
sizes, Gauging might be fastar than ECT becausa no data interpratation is
raquiraed; on the othaer hand, saveral tube gaugings may ba required to
brackat the size of the dents. Whan required, Costs for the gauging
inspection are estimated to be the same as costs for ECT.

The increment in radiation axposure from a gauging inspection
resylts from 1 man, on the staam generator manway, reaching into the channal
head to change the ECT probe. Assuming each probe change requires 3 minutas
on tha manway and 20 seconds to reach ints the channel head to change the
probe, then three probe changes results fin 0.06 man-rem to 0.51 man-rem of
whole body dose plus 0.07 rem to 0.5 rem to the hand. These estimated dosas
are small compared to the typical exposure during ISI of 1 to 10 man-rem per
steam generator. If gauging is not performed in conjunction with ECT, then
the additional radiation exposure is squivalent to an additional ISI.

2.3.1.4.1 Frequency Reduction

The basa linae fraquency for leaks, due to denting, between .l
and .3 gpm 1s 0.030/yr and for leaks greater than .3 gpm is Q04/yr. Taking
the forcad shut down frequency as greater than .3 gpm fraquency pius one
half the fraquency in the .1 to .3 gpm range a frequency of 0.019 per year
is obtained. With appropriata denting limits a 25 to 50 per cent reduction

is astimated. This corresponds to a reduction of 0.005 to 0.010 events per
year. '
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7.7.1.4.2 RadfaTogical Oose. ) : -

The accupatiaonz) dose du€ to impl emention of the denting
requirement: is. o the: order of & man-rem/year or 24 man-rem over 2 264 year
remzining 1ife. The estimate of annual aveided dose is the fregquency
reduction times 150 man-rem, whiclr is the average dose: for- repair and main-
tenance. The estimate of annual avaided dose is 0.75 to 1.5 man-rem. Qver
24 years the cumuTative avoided dose: {s from 20° to 40 man-rem.

The cast to implement is 5-10K per plant for preparation of a
program and, when needed, the equivalent of 1 to 3 days additional ECT,
thus, when needed, a cast of §15 - 45K per year or $.3 - .1 M over 24 years.
The avoided costs of forced shut downs due to leaks are estimated to be
between $.1 and .2 M assuming a 2 day forced shut down or O -14 M
assuming a 14 day forced shutdown over 24 years.

2.3.1.5 Inspection Intervals

The current STS do not require an unscheduled inspection in the
event of a plant shutdown for primary-to-secondary leakage below the leak
rate 1imits in the technical specification. The proposed change to the
plant technical specificaticn will require an unscheduled inspection if a
plant shuts down for 2 primary-to-secondary tube leak, regardliess of the
magnitude of the leak rate.

The impact of this change on current industry practices can de
estimated from the historical data on operating experience with PWR steam
generators (3), (4), and (5). These tables show the following:
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No. of Additional Inspections

Type of No. of Inspections whichr - which would have beem required
Plant  Meat or Exceed Category C-1 = by the.pmposed change
W k. <4 | ) 5T
cE . 60 o
3w s 2
TOTAL 4583 79

The total number of inservice inspections would have incraased dy
79. This is aquivalent to a 17% increase in the number of ISI's for the
total population of staam generators.

The 17% increass in the number of steam generator inspections will
rasult in a 17% increase in radiation exposure during ISI, assuming the
inspection are of the same type and duration. The 17% increase in ISI will
also result in a substantial increase in operating costs becausa thasa
inspections requirs an unanticipated outage.

The cost diffarential can be avaluated as follows., The current
fndustry practice is to perform a leak tast on the appropriata staam
generator., Tasting for leaks and plugging the leaking tubes can usually b2
accomplished withinm a 24-hour pericd. If an unscheduled gCT inspection is
also required during the outage, then there will be fixed costs of $63,000,
approximataly 3-1/2 days of ECT testing at $15,000 per day, plus replacement
power costs for 3-1/2 days. The minimum net renlacement power cost is 2-1/2
days, 3-1/2 days for ECT less 1 day current practice. Henca, a minimum cost
of $1.8 M. Occupation dose for £CT is 1.5-12 man-rem per SG.

A valua of this regulation is that primary-to-seccndary Jeakage is
usually asscciated with some form of tube degradaticn. The degradation may
ba localized or extensive; ECT can datarmine the extent of the degradation
and, perhaps, avoid a potential tubae rupture.To 2 large dagree this value
is intangible.
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Presently some utilities will shut dowm and. plug a leak that is
Tess than technical specification Timits™just to. avoid having to perform [SI
om the: steam generator- if the Teak goes to the limite According. to the
abave caTeuTation this practice maybe worthr at Teast SZ M to. the utility if
= {s reasonahly certain that- the: Teak would ga to the Timit.. On the other
hand:. if the- Teak s fndfcative: of & change of status of the steam generator
such & practice, whiTe perhaps of short termw benefit, cam lead to more
severe problems in the: Tong: term.

It is believed that with this new requirement there will be no
incentive for the shutdown to repair a small leak. The leak will be
monitored and either will be repaired at the next scheduled outage or the
leak will increase until the technical 1imit is reached and then will be
repaired during a forced shutdown with ECT being performed. In either case
the status of the steam generator is ascertained and the uncertainty as to
the actual "health® of the steam generator reduced. No specific benefits
are quantifiable at this point. .

2.3.1.6 Acceptance Limits

The value/impact of the acceptance 1imit for denting was discussed
in Subsection 2.3.1.4.

2.3.1.7 Reporting

The: proposed change for reporting requirements is consistent with
the redefinition of supplementary sampling categories. This change should
produce an increase in reporting costs because all inspections beyond
Category C-1 must now be reported to the NRC. Now, only category C-3
inspections are reported. The increase in costs for inservice inspections
should be negligible.

2.3.2 Public Risk

Generally each of the above requirements can rduce the probability
of SGTR and thereby reduce public risk. The requirements would be most
effective in reducing the non-lcose part/foreign object modes of
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degradattiom that Tead to rupture. No specific frequency reduction factor .
was estimated but it 15 balieved ta be no greater tham 20%. Since the
frequency of SGTR for the loose part medg is comparable to cracking and

wastage the pubTic risk reduction for- IST wouldde upper bounded by 0.2

times the pubTic risk reductiom for- Toose parts (which | s@small)e Thus, the

publie risk reduction for-IST is neglible, 10's of dollars annuaﬂy and 1

mam-rem fre 2% years.

Z.3.Z TmpTementation

Many of the proposed requirements are being implamentad alraady.
No impediment {3 {dentified to the t‘lmely implementation of tnis proposad
ISt requirement.

2.3.3 AlTtarnatives

No substantive alternatives are identified. Minor variations of
various alternatives are identified that may avoid some near term impacts.
They ara:

o If an inspection i3 required for compliance with the 48 month
requirement allow it to be performed at the next scheduled outaga.

o Make the full length inspection requirement only apply %o
scheduled ISI, i.e., not required during forced outage.

Iv.2-25



7.4

3.

‘.

s’-

6.

7.

8.

10.

REFERENCES. : -

T. Ippolite (MRC) to G.C. Lainas. (NRC) Memorandum, ."Forthcoming Meeting
with: Steamr Generator- Qwner's Group: — Proposed Steam Generator Generic
Requirements™, July 2Z,. 1982 '

C.Y. Cheng; et al., "Steam Generator Tube Experience®, NUREG-0886, U.S.
NucTear- RequTatory Commission,. Washingtom, 0.C., February 13982.

Summary published as Table 1 in NUREG-0886 (Reference 1, above).
Detailed data tables for each plant are currently unpublished, but are
available from the NRC.

Surmary published as Table 2 in NUREG-0886. Detailed data tables for
each plant are currently unpublished, but are available from the NRC.

Summary published as Table 3 in NUREG-0886. ODetailed data tables for
each plant are currently unpublished, but are available from the NRC.

Private comunication from Mr. Howard Hausermann of ZETEC.

Based on data and experience of Mr. Pat Leonard, SAI Rockville, and
Mr. Howard Hausermann, ZETEC.

6.E. Zims, et al., "Some Aspects of Cost/Benefit Analysis for
Inservice Inspection of PNR Steam Generators,* NUREG/CR-1490, J.S.
Nuclear Regulatory Commission, Washington, 0.C., May 1981.

R.G. Eastering, "Statistical Analysis of Steam Generator Inspection
Plans and Eddy-Current Testing®, NUREG/CR-1282, U.S. Nuclear Regulatory
Commission, Washington, D.C., August 1980.

J. Strosnider, Jr., et al., "Resclution of Unresolved Safety Issues A-3

A-4, and A-5 Regarding Steam Generator Tube Integrity*, NUREG-0844,
U.S. Nuclear Regulatory Comission, Washington, 0.C., December 13981.

Iv.2-27



1L.0.6. Efsenhut, at al., "Summary ofOparating Experience with -
Recircylating Steam Generators,® NURESG-0523, U.S. Nuclaar Regulatory
Comnission, Washingtonm,. 0.C., January 1379. :

-
-
-

1Z. L.B. Marsh, "Evaluation of Steamr Generator Tube Ruptu;e- Events®, NUREG-
0651, U.S. Nuclear Regulatory Comnissiom, Washingtom, 0.C., March 1980.

Iv.2-23



L

T.0 VALUE IVPACT ANALYSIS FOR *IMPROVED EDOY
CURRENT TECHNIQUES™ REQUIREMENTS

SUMMARY =

This sectiom discusses the requirement and. the basis for it's

caTectiomr and: summarizes the results of value-impact analysis..

3.1

Description

This analysis addresses the requirement proposed by NRC (1) that

the following additions shall be included as part of the test procedure for
{nservice Eddy Current Testing (ECT) of PWR steam generator tubing in order
to utilize more fully diagnostic capabilities.

1.

2.

3.

Eddy current testing techniques in data evaluation tachniques
which are capable of eliminating tube support plate, tube sheet,
denting, or other similar unwanted signal interferences and
discriminating among multiple defects shall be used fin all steam
generator inservice inspections.

Eddy current protes providing the capability to perform both
absolute and differential coil inspection shall be utilized.
Separate probes may be utilized to implement this dual capapility.

Eddy current data from both the differential and absolute channels
shall be evaluated as part of the overall data evaluation program.

In additicn to calibration standards required by Article 1¥-3200
of Section XI of the ASME code, an additional standard shall de
employed with simulated wear or fretting type flaws to ensure a
conservative interpretation of signals for which fretting or wear

'may represent a possible source of the signals.  Typical examples

{nclude absolute signals over a significant axial length of the
tube, absolute signals for which there has been l1itle or no
corresponding differential signal, and signals which can
reasonably be inferred as possible fretting or wear flaws based
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upamr experfence (eg.,. indications at the tube ta baffle plata :
taspectiom im the preheatars sections of Westinghouse Model 0
steam generators). The simulatad flaws shall be sufficiently
tapered and smogtlr such that they produce Tittle or no
differential signal. -

. Eacire of tite above: additions would induce: some- activity relative ta
the tnsarvice inspections program. The first item calls for aither
procedural changss tx accommodate am expanded tast matrix and acquisitiom ot
data from additional tast paramatars, with axisting probes and upgraded
instrumentation, as well as supporting analyses and evaluations, or at laast
some further analyses and avaluation to extract more information from
normallyacquired data.. Thea second item would not rasult in significant
increased activity because utilitias, for the most part, already acquire
absolute coil data. The third itam calls for an increasa in analysas and
avaluation activity. The fourth itam would not affect insarvica inspection,
such as, but would require a one-time program per plaat to define
calibration ‘standards for wear or fretting type flaws.

3.1.2 Need for Action

Eddy current taesting (ECT) is a vital alement of the inservice
{nspection of steam generator tubes. Properly executad and avaluated, ECT
will datect various forms of tube degradation in time to initiata remedial

action, theredy, halting or delaying processes which could laad to tube
rupture.

The need for the proposed additions to insarvics2 ECT tachnical
specification 1is based on recognized capabilities with the current state of
ECT tachnology. In the first placa, laboratory axperiments and fiald
axperience have demonstrataed the superiority of multiple-frequency ECT and
other techniques to aliminata unwanted signal intarferences and dascriminata
among multiple dafects. Because the history of degradation in operating
steam genarators has resultad in the potential for multipla deficits,
cracking, or tube thinning on top of denting, and other sourcss of complax
signals, thesa techniques have become essential in accurataly svaluating the
condition of staam generator tubing. The usae of ECT tachniques or data
evaluation tachniques which are capabla of aliminating tube support plata,
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- tube sheet, denting,. or other simiTar unwanted signal interferences and
discriminating among multiple defects should be required im all steam
generator {nservice inspection. I regard- to.the requirement that eddy
current {naspection shall fnclude: inspectionm in the absoiute mode: i addition
to the differentfal mode to: improve: defect detectiom and: inteérpretation
capabiTities the folTowing: case may be: stated. A walT-thinning type flaw
whichr fs gradualTy tapered at {ts edges, as may be the case for fretting
type wear defects,. may’ not- produce: & detectable signal om the differential
channels. Such a fretting type wear flaw will generally produce a signal on
the absolute channels. I additionm, tapered localized radial fretting or
wear standard as opposed to the hole standards specified in Code may be
necessary to correctly interpret the amplitude of the signal.

: The tube which ruptured at Ginna in January 1982 as & result of a
Tong fretting type wear defect had previously been inspected in April 1981,
using both the differential and absolute modes. This tube exhibited no
differential signal {n April 1981, but did exhibit an absolute signal
approximately 5* long, which was not recorded at that time. This April 1981
signal is interpretable as less than 20% indication using the calibration
hole standards as specified in Section XI of the ASME code. However, this
signal is interpretable as 2 s1ightly greater than 40% plugging limit for
Ginna. An evaluation of the absolute signal in April 1981 using 2 fretting
or wear standard may have resulted fn the tube being plugged before the wear
had proceeded sufficiently through the wall to cause the rupture.

3.1.3 Summary of Values and Impacts

Values

The expected value of the proposed changes to the ISI technical
specifications would be to avert plant damage and/or increase nlant
availability. The elimination of signal interference nas two benefits: a)
there would be less chance of missing a degradation signal, otherwise masked
by noise, and b) there would be less time devoted to sorting out the blind
alleys of pure interference. Absolute coil testing would provide reliable
resolution of additienal degradaticn, such as wear or fretting-type flaws.
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| Impacts

The requirement ta usa techniques which would aliminata unwanteg
signal interference would have minimal impatt on casts to’industry. Multi-
frequency tasting is already performed at maost Westinghouse and Combustion
Engineering units. Furthermore, although only single-frequency tasting is
performed at- Babcock & WiTcox: umits, there is am associatad data: reduction
pracass ({ncorporating 2 known single-frequency intarfarenca signal) that
unmasks the tubes degradation informatiom. Hence, the impact of aliminating
unwanted signal interference is mainly to process the already-acguired data
from Westinghouse and Combustiom Engineering steam generator ECT. The basic
capability to perform absaluta cail tasting is already inherent in the
standard ECT aquipment. Howevar, thare is an impact assocfatad with: a)

providing data channals, b) applying calibration standards, and c) avaluat-
ing the data.

3.2 APPROACH

3.2.1 Objective

The objective of this analysis is to detaermine the values and
impacts related to {mplementation of the requirement to upgrade ECT
procadures. The rasulting analysis should provide sufficient qualitative
and quantitative information to assess tha overall merit of the requiremaent.

3.2.2 Scope

The scope of the aevaluations on which the objeactive is basad
fncluding the following alements: multi-fraquency and multi-paramater
testing, absoluta varsus differential tasting (compatibility, calibration,
training, technical specifications), and current usage and costs of mylti-
frequency and absoluta coil testings.

The following specific evaluations are made to develep a basis for
the analysis.

1. What is the cost increment to inservica inspections {f thesa ECT
additions become in affect? I[f all or a portion of these proposed
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ther the cost increment will be that much less.

7 What fs the-radiation exposure increment {f these ECT additiens

" become i effectT Forexample, some of the additions require only

& more comprehensive analysis of the existing data; th is would
ent2fT no: addftional radfation exposure.

3. Are sufficient equipment and trained personnel available to
impTement these improved ECT techniques?

§. How do current practices among the utilities for ECT compare with
the proposed additions to the technical specifications?

3.3 RESULTS QF ANALYSIS
3. 3.1 Industry

Multi-frequency testing will minimally impact the cost associated
with inservice inspection. Typically, a four-frequency test is performed
with two channels for a strip recorder adds $20K. The total instrumentation
package will cost $18K and a strip recorder adds $20K. The total
instrumentation package will cost $80K (Reference 2). Assuming that the
{nstrumentation becomes obsclete or otherwise unusable in 4 years, and
assuming that there {s 2 need for one such package per inservice inspection
event, then the cost increment is $80K for an inservice inspection.
However, a multi-frequency tester can reduce the number of tube pass-
throughs by as much as a factor of 2. Instead of a separate sludge pass,
the sludge can be monitored simultaneously with one of the frequencies
(Reference 2). Assuming only a ten percent reduction in test time, one day
of testing may be eliminated per steam generator for a savings of S15K
(Reference 3). Hence, the net {mpact on testing costs would be about $35K
per plant or $12-13K per steam generator. There would be no impact on
rad{ation expasure.

Absolute coil testing differs from differential coil testing in

that the former uses only one of the probe coils. The signal from the
absolute coil {s first calibrated with respect to an ideal (undegraded)
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Tengtir of tubing. If the inspection test signals deviate from this calibra= .
tiom signal,. they are subjected: ta further interpretation -— comparison with
calibration signals from standardized degraded tube specmens. This method
is sxtremaly sensitive, and camw detsct wear- or fretti ng-type flaws.. Abso-
Tutes coiT testing would not require additional instrumentfatiom, only addi-
tfonal evaluatiomr time. Assuming one: additional day for avaluation, the
costt impact would be about $ISK per- nspectiom for- & single. steam generator.
There would ber nr fmpact: ar radiation exposure.

The above estimates have Beem made as consarvative as possiblae.
In fact, one knowledgeable sourca (Raference 4) estimatas that the
additional ftams would have virtually not impact. He sstimatas that
practically all utilities already include both multi'-frequency and absoluta
coil ECT avaluations as part of their present practicas.

Tha value of including the proposed changes concerning ECT would
increasa the ability to interpret the informational contant of the tasting
fraquencies as well as to reduce the unexpected tube ruptur2 due to wear or
fretting flaws. Simply stated, the improved ECT method improves the quality
of knowladge a utility has about the tubes which wers inspectad. In the
following sactions an avaluation of the values of the higher quality
information is astimatad. At this time, the data needs to datarmine a
quantitative avaluation of the values are not available.

3.3.2 Change in Frequency

Histor{ically, improved ECT would have reduced the probability of
leakage and rupture events by prior plugging of damaged or degraded tubes.
Tha frequency reduction achiavabla by improved ECT is very plant dependent.
For plants that have good sacondary water chemistry programs, and tube
plugging ratas less then the industry medium, the improvement will ba very
slight. For plants that have, or have praviously had marginal sacondary
water chemistry programs, the improvement will be graater.

Considaring rupturas, improved ECT (in particular the absoluta
coil method) could have datected 2 of the 4 events if the particular tubes
had been salected for inspection. Also, improved ECT would. have improved
the information known about the tubes near thosa that ultimataly ruptured.
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Thus; assuming: the future: ruptures are from the same populatiom of defects.
that has been seen: to: date,. the frequency reductionm factor for ECT detecting
tubes that could cause SGTR is 0.5 times the: probability that: the tube will
be selected for {nspection. With the ISL sample size requirement,. the
probabiTity of selection fs froar 3. to: 100% with the typical upper bound
presentTy about40%.- (Witir the proposed changes: im IS sample sizeup to
100% fs Tndfcated: if & certaim percentage: of defective tubes or one defect
i found i the: initfal sample size.) Further; tt should be noted that
nistorically, rupture events progressed over a number of fuel cycles and
thus the IST provides multiple opportunities to detect the failure mode.
No credit 1s taken for the multiple opportunities, thus, we conservatively
estimate that the frequency reduction factor is in the range of 0 to .2

For Teakage in the 0.i to 0.3 gpm range, improved ECT is estimated
to be able to detect more tubes with defects that could exceed 0.3 gpm
before the end of the next cycle. Thus, improved ECT will reduce the number
of forced outages. However, it is realized that some degradation modes
progress so rapidly that. they may not show any signal with ECT and also not
all tubes will be fnspected. Thus, the frequency reduction factor for
leakage is assumed to be the same as for ruptures, 0 to 0.2.

The- baseline frequency for forced outages due to leaks is .188/yr
and for rupture s .015/yr. The estimated reduction in frequency is 0-0.038
and 0-0.002 for leakage and rupture, respectively.

Ancther factor affecting the frequency reduction factor is the
combined impact of ISI and improved ECT. Improved ECT is more sensitive
than the single frequency ECT and thus will detect degradation at an earlier
point. If a plant presently has more undetected degraded tubes, the
improved ECT will lead to a larger sample size. Thus for cycles immediately
following implementation of ECT and ISI, many plants will have to have
nearly 100% inspection. With 100% inspection the upper ranges of the
frequency reductiocn factors would be as high as 0.5.

3.3.1.3 Radiclogical Dose

In summary, the occupational dose resulting from implementation of
improved ECT represents no change form the- dose presently being {ncurred.
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An astimatz of the avaided accupational dosae was calculatad or described -
above in Sectiom L of this chaptar.. The occupational dose for a forcad
cutage to repair Teaks {s estimated to be 150:man-rem and for repairing SGIR
35C man-rem.. > N

Thes expectad va.;Tue.- of the: avoided occypational exposure' due to

SETR 1 Q to 20 man-rem.. The: avaided occupational exposure due to forced
shut dowrr is @ tx 14Q man-rem. '

' 3.3.1.4 Cost

The economic benefits from avoided forced shutdowns dua to laaks
and SGRT ars summarized in Tabla 3-1. ' '

3.3.3 Publfc Risk

The change in risk to the public is calculatad using the three
accident consaquencas discussad in Section III.5. Thay are: core melt,
major, and minor radfation releasas. Tha annual risk to the public is given
as: : )

Risk = (Cost or dose) x Probability of tha Accident given a

rupture) X (Annual rupture rata).

The change in risk s simply:

Change in Risk = (cost or dose) x (Probability of accident given
rupture) x change in Annual rupture rate.

The values for the accidents are as follows: core melt cost is
$3x109; the dosa is 2.7x108 man-rem; and the probability, given a rupturs is
1.5x10-3; for a major radiation relaase the cost is $1x107; the dosa is
2.3x103 man-rem, and the probability given a rupture is 8.1x10-6. For a
minor radiation ralesase the cost is nagligible, the dosa is less than
2.3x103 man-rem, and the probability given a rupturs is 4.0x10-2, Thus the
annual cost and dose reductions are $90 and 0.08 man-rem; $0.2 and 4x10-5
man-rem; and negligible cost and less than .18 man-rem for core melt, major
and minor radiation releasas, respectivaly. For the 24 years remaining
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TahTe 3=L Avoided Cost Associated with -

the ECT Requirement
Event Changes in Present Worth (Event) Present Worth Benefit
Freguency: Cost over S§ Life) (Avaided Cost over
' SG Life)
{events/reactor/yr) $106 $106
Forced Qutage
Due to Leaks 0-0.038
- 2 day 20.5 0-0.8
-14 day 1458.7 0-5.6
Tube Rupture: 0-.002
- 30 d&y ’ 275.6 0'.50
- §0 day 602.5 0-1.3
- 90 day 1016.4 0-2.0
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plant Tife the value are $1400 and LS2 m-rem; $3 and 9x10-4 man-rem; and .

negligible and Tess: tham 4.4Z man-rem.

3.3.4  Implementatiom Plar = -

Mamy plants are presently using improved ECT for ISI. No
cbstacles were identified ta implementatiom of the: new ECT STS requirements.

3.3.5 Alternatives

None were identified.
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4.0 VALUE-IMPACT ANALYSIS FOR "UPPER- INSPECTION
PORT™ REQUIREMENT - :

&L SUMMARY

This section states the proposed: requirement and the bases for its
caTection and. summarizes the: results of the value-impact analyses.

4.1.1 Description

This analysis addresses the requirement proposed by NRC(1) that:

o For PNRs with U-tube steam generators that are licensed after
January 1, 1983, upper inspection ports shall be installed before an
operating license is issued. The ports shall be located so that
visual inspection of upper support plates and inner row U-bend tubes
can be performed. .

o Upper inspection ports will not be required to be installed in
operating plants by this generic requirement. The need for
inspection ports in operating plants will be based on plant
operating experience on a case-by-case basis.

The requirement for UIP's will involve new activity for ali non-
operating plants with U-bend steam generators. In particular, this activity
includes the design and installation of these ports.

4.1.2 Need for Action

The need for the proposed requirement for UIP's {is based on 2 desire
for better inspection of the upper portions of U-type steam generator tubes.
In the past, steam generators have generally been equipped with lower inspec-
tion ports (LIF). LIPs provide only a severely limited opportunity to inspect
upper tube portions.

Also, some plants (e.g., North Anna 1 and 2, Farley 2, Salem 2 and
Trojan) have, or will install, ports in the vicinity of the upper tube support
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plate. The purposaof thesa {s to evaluate and. monitar the affacts of den<
ting, and to remove tube specimens for axaminatfon. It is notad that some
removed tubes have exhibited degradation by mechanisms other tham denting.

3

InstalTattomr of inspectionm ports {m operating sfearw generators canm
result i extended cutages and: additional exposurer of personnel o radiation.
Therafare, for- these plants not yet im operatiom, it i3 advantagecus to
tnstall faspecttam parts prior ta inftial criticality. Saveral recently
Ticensed pTants have requirements,. based on reviews specific to those plants,
ts install ports early im the Tife of the plant.. 3ased on considerations of
the impact of installing upper inspection ports in operating plants, the NRC
staff plans to require installation in additional operating plants cnly as a
result of case-by-casa raviews of plant specific operating axperience.

4.1.3 Values and Impacts

The value/impact analysis for UIP's considers stzam generators that
are: (1) under fabrication, (2) in place and operational after 1382 and (3)
currently operational. The impacts of installatfon of UIPs on st2am
generators under construction, in placa but not operational after 1982, and
currently operating are summarized in Table 4.1.

Table 4.1 Impacts for Installation

of an UIP
Costs Occupational Dosa
$(1000s) (Man-Ram)
During fabrication 10 -
3eforae operation 300-45C* -
After operation 300-450* 100

* Assumes installation is done off-critical path and no purchass of
replacement power is required
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The operztional value of installing UIP's is that these ports

provide a visual inspection of the tubes in the regi'brr of the U-bends.. This

-4 turm, may reduce: outages due ta (otherwd se) undefected tube degradation.

The: maim vaTue of instalTing UIP's is: diagnostic rather- thaw preventative. No

specific benefit was identified that could be: attributable directly to am UIP
and: thus: no- quantd tative estimate: of the: benefit is presented..

4.z APPROACH
§.2.1 Objective

The objective of this analysis is to determine the values and
impacts related to implementation of the requirement. The results of the
analysis should provide sufficient qualitative and quantitative information to
assess the overall merit of the requirement.

4,2.2 Scope

The: scope of the analysis on which the objective is based includes
the specific evaluations identified below. These considerations are be com-
pared with the associated values to the {ndustry.

1. What are the considerations for installing UIP's on steam generators
currently under fabrication? This group should involve the least
changes and the minimum effort.

2. What are the considerations for installing UIP's on steam generators
as assembled in plants which do not yet have an operating license?
This group will undergo modifications to (previously) complete
structures. However, since they are (radicactively) cold, they will
not add to exposure levels.

3. What is the break-even point between installing before and after
operations begin? In other words, how many UIP installations in
non-operating plants are equivalent to 2 UIP installation in an
operating plant.
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3.3 RESULTS OF ANALYSIS

4£.3.1 Industry -

The fnstallatfon of UIP fnvalves matarials andIabor. The matarial
cast will be essentially the same for- installatiom during fabricatiom or om
site after the steam generator- has beanr installed but the labor cost will be
differents. Thes cost of fnstalTing z port om a steam generator during fabri-
cattor is assumed tz break dowm as folTows:

a total Tabors 2 manweeks @ $30/hr = $4.3K
. total material: $5K

Thus, the total cost per port is on the ordar of $10K. On the other hand, in
1976 the total cost of installing a 3-inch port on an operational sta2am
generator at Turkay Pofnt was $200K-S300K (2). Based on a 7% annual inflation
rata average for the S-year period from 1376 to 1982, thosa costs today would
Se 50% higher; that is, the cost in 1982 would be $300-$450K. Henca, con a per
port basis, the cost of installation on an operating steam generator is equi-

valent to from 30 to 45 port installations on stzam generators under
fabrication..

These equivalents apply to in-place steam generators in plants that
are either cperaticnal or completed but not yat licensed. Howaever, there is
also tha impact of radiatiom exposure for units in operating plants. Whila
thesa units do not fall under the generic requirement, they ars included on 2
casa-by-casa basis when plant operating experience so indicatas. B8ased on the
data presented in (3) and (8), an upper limit of 100 man-rem for occupational
dosa is calculated. This assumes 15 man-hours of cutting through the staam
generator wall in the region of the flow resistanca piata at 4 rams/hour, and
80 man-hours of work cutside the steam generator at 0.4 rems/hr,

The expacted value of UIP's to the industry would be in tarms of:
(a) avartad plant damage, and (b) reduced cost for some rapair tasks. In
particular, UIP's would be uysaful in detecting tube degradation in the region
of the top support plata, such as flow slot hourglassing. UIP's would also
facilitata tube removal for nearby tubas; this would simplify some rapair
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tasks, tending toreduce associated costs.. Moreover, averted plant damage
should ultimately increase: plant availability. :

WhiTe in principle there is value to providing UIP's,. there is also
the questfor of the relative value. Flow slot hourglassing is currently
detectable by, &g, the failure of ECT probes to transverse the affected
‘regfor of tukfing;. assuming that am affected tube ts selected for ECT. The
reduced: task of tube removal would ealy apply to those tubes im the immediate
vicinity of the UIP's..

The. chief value of UIP's appears to be diagnostic rather than
preventative for tube degradation. The visual information from UIP's could be
correlated with, e.g., ECT signals which would improve the resolution of
signals with specific tube degradation mechanisms. '

Installation of UIP's in an already installed steam generator pro-
vides an opportunity for introduction of foreign objects into the steam
generator. Thus an inspection of the top of the tube sheet and QA procedures,
both described abave in Sectien 1 of this chapter, are assumed.

4.3.2 Public Risk

Nc reduction of tube rupture is estimated and no change in public
risk is identified.

4.3.3 Alternatives

One alternative might be to require upper inspection ports in plants
issued construction permits after 1982, This would give the ytilities time to
implement the requirement prior to installation and thus reduce the costs
considerably. Ancther alternative might be to require the upper inspection
port to be installed on new steam generator designs during fabrication.
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5.0 VALUE-IMPACT ANALYSIS. FOR *SECONDARY WATER
CHEMISTRY PROGRAM™REQUIREMENT .

Y

L SUMMARY'

This section states the proposed requirement and the basis for its
calection and: summrizes the result of the value~impact analys{ s.

g.1.1 Oescription

This analysis addresses the requirement proposed by NRC (1) that
all li{censees incorporate a requirement for a secondary water chemistry
program to minimize steam generator tube degradation. The requirement
for the program would be specified as a condition to the license which
will stipulate that the program itself will be defined in specific plant
procedures. '

The NRC staff will review the plant-specific secondary water
chemistry program for compliance with the following criteria: the
specific plant program should address measures taken to minimize steam
generator corrosion, 1including materials selection, chemistry limits and
contrel methods. [n addition, the specific plant procedures should
include progressively more stringent corrective actions for out of speci-
fication water chemistry conditions. These corrective actions must include
power reductions and shutdowns, as appropriate, when excessively corrosive
conditfons exist. Specific functional individuals must De identified as
having the responsibility/authority to interpret plant water chemistry
information and initiate appropriate plant actions to adjust chemistry,
as necessary.

Although the requirement for a program which includes the above
named elements shall be included in the license, the specific plant
procedures _implementing the program will not be specifically included fin
the license. Ta provide review criteria for determining whether plant-
specific secondary water chemistry is acceptable, the NRC staff fis
currently revising the secondary water chemistry quidelines which are in
SRP 5.4.2.1. The reviston to these guidelines will incorporate the
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September- 1981 "PWR Secondary Water- Chemistry Guidelines® as a review-
basis. Thase guidelines were prepared by the Staam Generator Qwners
Group Water-Chemistry Guidelines Comnmi ttae ang reprasant an industry
consensus opinior for- stata-af-the-art secondary ‘water-f.hem'l stry ‘cantrol.

51.Z Need: for- Actiom

Ther corrosfom off steam generator matarials may result inm primary
tn secondary leakagee if preventative measures or repairs are not undertaken
om time. Such leakage may allow the raleasa of radiocactivity to the envi-
ronment. The necassary repairs and preventative measurss have resultad in
significant occupational radiationm axposurss. The accomplishment of im-
proved secondary water chemistry has been recognized by the i{ndustry -in
general and by the NRC staff as an important factor in reducing staam
generator materials corrssion. Therefore, to provide assurancg that all PWR
licansees will uniformly and consistently imptement proper monitoring and
control of secondary water chemistry, thus reducing the need for repair and
praventative activities resulting in occupational radiation exposures and
reducing the potential for radicactive releases to the envircnment, tha
requirement for such a program shall be included in the licansa.

5.1.3 Sumnary of Valuyes and Impacts
t

The cost benafits of the proposed requirement are found to far
outwafgh the cost impacts. The beneficial value of avoided costs of steam
generator maintenance, repair and/or replacement, plus the avoided cost of
replacament power, far exceed the cost impact of the additional labor and/or
equipment associated with the SWCP. The cost impacts per unit are around
$1.3 million, but the cost banefits range from $40 to $240 million,

primarily due to avoiding SG replacement and derating for thosa units
affacted.

Dua to decreased SG repair and inspection required under the SWC?,
tha (RE will be decreased. The incremental radiation dosa recsived during
the mora extansive tasting of the sacondary watar is datermined to be
negligidla. The annual avoided dose ranges from 40 to 312 man-rem per
unit, depending on the existing condition of that unit, and whether or not
the steam generator must be replaced.



With the SWCP requirement,.~the probability of SETR will be
reduced. However, the risk: toc: the public fs onthe order of 10-7 for core
melt- and major radtatiom releases,. and 10-3 for- minor—releases. The costs
and: dose associated withr SWC-reTated SETR public consequences are
negligible..

A summary of the: 24 year impacts and values of this SWCPF require-—
ment for vardous PWR cases ts giver in Table 5-0. Overall, the SWCP appears
exceptionally cost-beneficial and fairly important in occupational exposure
reduction. The SWCP requirement has a definite value ifn relation to its
impacts. -

5.2 APPROACH
5.2.1 Objective

The objective of this evaluation 1s to determine the values and
impacts related to implementation of an NRC requirement for incorporation of
a requirement for a secondary water chemistry program (SWCP) as a license
condition for PWR owners. The value/impact analysis addressed here is
concerned with three areas: cost, dose, and probability change. That fis,
the analysis will investigate quantitative and qualitative changes in the
above three areas associated with implementatfon of a SWCP.

5.2.2 Scope

The 1isting below provides an overview of the impacts and values %o
be assessed related to an SWCP, These ftems provide the basis for

assessing the cost factors, change in SGTR probability, and dose
factors. [Items/factors investigated included:

- preparation of procedures and management system.

- training of operational and management personnel.

- costs of equipment, including instaliationm, maintenance and
operating labor.

- persannel exposure during SWC testing.

- steam generator SWC-related plant outages/availability/replacement.
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Table 5-0 Suamary of lmpacts and Values Over 24 Year Life For a PUR for the J
Secondary Water Chenjstry Requirement

lmpacts Values
Occupational Exposure | Present Worth | Avoided Exposures (man-reul). Avaided Present Worth Gosts 1,14
Unit (man-rem) Costs ($4) | Occupational Public Industry - Public
Industry Average 0 1.3 | 1400 2. n- 49 1973
Severe Case , 0 1.3 7500 20 }92 - 249 {1
Jediun Case 0 1.3 1000 2 Q-4 1073
'

.
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-  decrease im SG degradation and-tube rupture. :
-  Public risk reduction. - .

The approach used to develop qualitative and quantt tative values
for-these factors included & telephone survey to: 2 number of PNR owners.
Seventeem PWR units were contacted, with two having CE-supplied steam
generators and: the rest Westinghouse generators.

§.3 RESULTS OF ANALYSIS

The results of the analysis are presented below in terms of the
values and impacts on both the nuclear industry and the public. The value-
impact of the proposed implementation plan is presentad and, finally,
alternatives to the proposed requirement are discussed.

Table §-1 presents 2 summary of the information received from
the telephone survey of the PWR owners. These data were utilized in
formulating the results.

The values and impacts assocfated with the nuclear industry are
examined below as assoctated with the three study areas:

o probability changes of outages, ruptures, plugging, and risk,
] costs, and ‘
0 radiation exposures.

5.3.1 Probability Changes

The approach taken to determining the V-I's associated wita each
of the above areas was to examine the expected changes due to the SWC?
requirement to both individual units and to the industry overall. For this
particular proposed requirement, existing plants were grouped into three
groups:

o “severe" - those units which have experienced significant SWC-
related tube degradation
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Yable 5-1. Sumsary of Portincat jnformation Recefved During

Survey of PUi Dwmerd

$G0G, “PUR Sccondary Water Chemistry Guldelines,” Septenber 198], ore
belag “folloued® by 24 percent of the wits surysyed (4 of W)

A cosbinatlon of 560G and masulacturers recomacpded SUCP 1s being
folloved by shout 12 perceat of the ity surveyed 2 of 0}

The wanufecturer’s recosmended SMCP i3 belag followsd by ¢bout &
perceat of the uaits surveyed (1 of W2

Nearly al} uniky surveyed which were ot uslag the $60G SMEP fndicated
movesant (o the direction of the SG0G guide)ines.

At one Sua-unil site, they receatly added wo fechaichans wd § chemist
to the staff to sllow (mplesentativa of the 560G JNCP.

The majority of the personnsl contacted tadicated an (apact of sbout
one person full tine to adalalster ¢ formal MRC yequired suce.

Undocumented fnformation suggests that all C-E and BAN Plaats have the
nacessary equipaent to taplement Lhs SG0G SHCP. Soms MHastinghouts
units will aced to add equipment; particulerly the older units.

10.

The SKCP for oll resctors wai §inilers Voo fadlowing fy 0 guenply of
this progres. The pregren % lev“’ related 19 preteciieg thy
condeajer valyes.

¥ia 56 Blowdown (0aily Sesple} |
Woaltor fori g, cabtion candusbiyityy €y Fo BUUIFN  grend
activity, hydragine '

Cotion conductiviby, sprctfis CORIVERIVIEY) Pl grees 4FbIvIEY

€. 3G Mater {Weckly} -
Iron, copper, tolel w0}idy

d.

Dischar U

Datly: pH, dissalved onygen, amoniy

Coatisucus (control room resdout)i jodien, Feblon cenduckiyity,
it .

dissolved asygen ‘

o asle Steam Plus Condensate {F
Gatly: ph, conductivity
Coatinuous (contral yeon roedeut)s piy' conductivity

f. Condenser Alr In Leakage
. Three Claes per day 3

Maaufacturer's recommendatfony vary nd goop wniky wonlbor for (res
hydroaide and suspended solids plae.

The SGUG SKCP U5 more demanding: |} pequires more semple palats,
:u;l'yscltll;;l Vabor vequiyements {verby) conngnt from meaber juryeysd -
able e 1 B
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@ “clean™ - those units with little SWC-related. tube: degradation
c  "medium® - the rest of the uniis; between good" and. "bad".

The: grouping: of surveyed units ac:nrding to these categor'i es {s described

below. . -

The: probabiTity- changes: (frequency of occurrence) to be determined
are associated with aveidance of:

steamr generator tube rupture,.

farced outages due to leaks,

tube plugging and associated testing, and
plant derating and/or SG replacement.

o ooe@

The determination of the above values is based on establishing an
exampie “severe®, *"clean* and "medium” plant with respect to SWCP corrosion-
related tube degradation history. From References 2, 3, and 4 the data was
extracted to construct Table 5-2 which establishes the three example plants.
The degradation modes expected to be affected by a SWCP include wastage,
eracking, LGA, pitting, denting and erosion/corrosion; these modes
determined the event frequencies used for the data references.

Thus, the data differences between the "severe" and “clean*
example plants will be used to represent the potential of the SWCP to effect
changes. The same is true for the differences between the "medium" and
"clean* plants. It 1s assumed that the implementation of this requirement
would achieve 75% of the potential for improvement for "severe" plants, and
50% of the potential for "medium® plants. The larger expected percentage
improvement for the "severe® plants is due simply to the greater potential
for improvement.

From the historical data in References 2, 3, and 4, the teiephone
survey, and the statistical analysis section of this report (111.2),
approximately one-sixth (1/6) of the operating units are assumed “severe",
one-half {1/2) *medium® and one-third (1/3) "clean’. Units were grouped by
their history of plugged tubes. “Severe® plants had multiple hundred tubes
plugged, *medfum® units had arcund one hundred, and sclean® units generally
had in the low tens of tubes plugged, all after -8 years of service.
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TahTe 5-2. Three Example Unit Data -

Reactor- Years Forced Outages/Yr(;ll Tubes Plugged
(ExcTuding lst Z yrs) - - Per Yr (%/yr)

T. "Clean” Unitss

3T 3 Q a (0)

#¥Z 5 g 2.5 (0)

33 4 0 0 (0)

4 3 0 0 (0)

“Clean” Example: § 0.035* 1 (0)

_ 2. “Severa® Units:

#1 6 .33 253 (2.5)

#2 3 .68 ‘ 208 (2.1)

#3 7 0 233 (2.3)
4 5 .5 250 (2.4)°

"Sayere® Example: 8 .37 : 250 (2.%)
3. "Medium® Exampla: 8 .082 70 (0.7)

*Nota: Leakage event rata chosen higher than plants' data to account for
consarvative range.

(1.) Forced cutage rata cbtained by using one-half 0.1-0.3 gpm leakage rat2
plus 0.3 to TR leakage rata for chemistry-ralatad degradation modes.
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Tahle §~3. Secondary Water- Chemistry Rel ated Event Frequencies
(Per R’eactor-‘(qu) Per Unit

Forced Outages*™’ Tubes. Plugged:
SETR  Percentage

1. Existing; rndustry-'ui de Average 0.115 0.008 0.7
Unit
2. “Clean* Example Unit 0.035 0.003 0
3. "Medium* Example Unit 0.082 0.007 0.7
- Potential Avoidance 0.047 0.004 0.7
('Medilxm" minus “Clean®) .
- Expected Avoidance 0.024 : 0.002 0.4
4. *Severe* Example Unit 0.37 0.033 2.4
- Potential Avoidance 0.338 0.030 2.4

(*Severe* minus "Clean”)
- Expected Avoidance 0.25 0.022 1.8

5. Industry-Wide Average Unit 0.083 0.003 2.5
Expected Avoidance

*gased on all PWR data leakage frequencies using one-half of 0.1 - 0.3 gpm
leakage plus .3-(TR) gpm leakage frequency for the SWC-related degradation
modes.
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Table 53 summarizes the data differences and presents the avoided -

fraquencies of the three avents: forced outages, tube ruptures, and tube

-plugging.. Theser avaided frequencies araused im_the sacttans. balow ta

quantify- the costs and: radiatton doses avaided.. - -

-

3.2 l:ndusu':g Costs and Radiatiar Dosas

The quantified cost and radiatiom and dose impacts and values are
presented below. The previocusly developed “avoided® avent frequencies are
usad to quantify specific costs and dosas associated with the SWCP
requirement.

Economic Costs and Benefits

According to the survey results prasantad in Table 5-1, the
industry appears to feel that one person full-timae will be raquirsd for
administering the program at sach unit.

The need to add cne full-tima staff member to administer the SWCP
seems rather righ. One cam argue that if the industry feels that this is
the lavel of additional effort needed to implement the SWCP, then they have
not been adequataly or efficiently applying thefr existing programs. [t is
estimated that the impact is probably on the order of four to six person-
months additional staff labor per unit, primarily to administar a formal NRC
required SWCP. Thus, it is estimated that the larger-cost impact to the
{ndustry caused by a SWCP requirement as a license condition would be about
five person months for administration ($20K/yr per PWR unit). The prasant
worth cost of this labor over 24 years is $0.3 millien.

It is estimatad that the units presently following the
manufacturer's SWC? will need to axpend approximataly $1 million on
equipment to up-grade to the SGOG SWCP. This equipment is compased of the
sensors, continuous recorders and analytical data machines needed to provide
the multitudinous, continuous inputs required. This equipment is axpected
ta be needed in approximataly twoe-thirds of tha axisting plants, primarily
thosa with Westinghousa SG systems.
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avoiding future: costs. The costs whichran be avoided: are associated with
tube: plugging,. forced outages due to Teaks,. tuhg. ruptures, and SG
repTacement and/or unit power derating. The: cost benefits are: calculated by
aultipTying the avoided event frequency by the present worth of each event's

cost aver-S& expected Tife, as described earlierim Section [II.J of this

report.. TabTe 5-4 presents a: summary of these avoided cost-benefit
calculations for- the average plant. Tahles §-5 and 5-6 present the avoided -

cost datz for the "medfum™ and “"severe® condition plant, respectively. The
*cTean® plants will not benefit since these units are already as good as
they can be.

Note that the benefit of avoiding SG replacement is an order of
magnitude greater than avoiding the total of plugging, outages and ruptures.
Also note that as expected, the greatest avoided cost benefit is experienced
by the “severe® units.

Thus, comparing the present worth of costs ($1.3 million) with
the benefits of avoided costs ($2 - 64 million, plus $37-176 millfon for SG
derating and/or replacement), it is apparent that the economic cost-benefit
analysis is strongly in favor of the SWCP requirement.

Radiation Exposures

The radiation exposure due to performing a SWCP is negligibly
different than present SWC testing doses. However, the avoided doses due 0
reduced/avoided exposure during SG maintenance, repair and replacement are
significant.

The avoided exposures are determined by multiplying the yearly
avoided event frequency by the dose expected for performing that avent.
Again, different avoided doses will be experienced by the "severe", and
*medium* units due to different event frequencies. Table 5-7 presents the
avoided doses over a 24 year life for the "severe®, “medium“, and the
industry-average unit. Agafn, the “clean* unit experiences no benefit.

1v.8-11
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Tabler5-4.  Industry-Wide Average per Unit
Assoctated witie the: SWCP Requirement

Events Avaided Frequency Present Worth Event Present Worth Benefit

fraw Table 5-3 Cast qver- S& Lifa (Avaided: Cost)
_ [(events/reactor/yr) ($106) ($108)
Tubes PTugging a7 .7 1.3
Forced Qutage
Que: to Leaks 0.053
- 14 day 145 7.7
Tube Rupturs: 0.003
- 30 day 276 0.3
- 50 day : 662 2.0
- 90 day - 1.016 hd 3.1
SG Derating (at year 15 7.5 37.5
through 30
at 0.7% plugging)
Summary

0  Present Worth Zenefit
(Avoided Cost) Range for
?lugging, Leaks, and Rupturas

Q Present Worth Benefit
(Avoided Cost) of Expectad 15th

through 30th year SG derating
dus to plugging

$83.2 - 12 miilicn

$37.5 million




Yy

Tabié §=5.. "Medium* Cone_ﬁt‘i on Plant per Unit
Benefit of Aveided Cdsts Associated
withr the: SWCF Requirement -

Event Avoided: Frequency: Present Worth Event: Present Worth Benefit

from TabTe: 5=3 Cost over S& Life (Avaided Cost)
(events/reactor/yr) ($106) ($106)

Tube Plugging 0.57 1.7 1.0
Forced Qutage
Due to Leaks - 0.024

- 2 day : 20 0.5

- 14 day 146 3.5
'!‘ube Rupture: 0.002

- 30 day 276 0.5 .

- 60 day 662 1.3
S& Derating (at year 16 37.5 37.5

through 30 at

0.7% plugging)

Summary

] Present Worth Benefit
(Avoided Cost) Range for
Plugging, Leaks, and Ruptures

0 Present Worth Benefit
(Avoided Cost) of Expected 16th
Through 30th Year SG Derating
Due to Plugging.

$2.1 - 6.5 million

$37.5 milifon
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TabTe 5-8.. "Severe® Condition Plant per Unit
Senefit of Avoided Costs Associated
witic the SWCF Reguirement '

-

Event Avaid Frequency~ Present Worth Event Pre?sem‘: Worth Benafit
frop Table 5=  Cost gver SG Life (Avoided Cost)
(events/reactor/yr) ($1068) ($108)

Tube: PTugging 0.7 5.9 4.4
Forcad Outage
Oue to Leaks 0.25

- 2 day 20 5.1

- 14 day . 145 35.8
Tube Ruptura: 0.022

- 30 day 2756 8.1

- 60 day . 662 14.5

- 90 day 1,015 22.3
SG Replacement (at year 18 with 176 175

2.4% plugging*)

Summary

0 Prasent Worth Benefit
(Avoided Cost) Range for $15.6 - 63.5 million
Plugging, Laaks, and Ruptures

0 Prasent Worth Benefit

(Avaided Cost) of Expectsd 13th $176 million
Year SG Replacement

*Nota: A "severa® plant would theoratically axperienca two separata
SG replacements. Since the first SG replacement (at year 9)
{s unavoidabla, the second replacement and thae derating is
the avoided cost used hera.,
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“Severe® Units

o Pluggingl

¢ SGTR Repair

o SG Replacement

o SG Leakage Repair

*Med{um* Unit

o Plugging2

o SGTR Repair

a SG Replacement

o SG Leakage Repair

Industry Average
Unit

o Plugging3

o SGTR Repair

o SG Replacement

o SG Leakage Repair

Table §-7. Radiatiom Doses Avoided

for- Different Unit Groups
with the: SWCP Requirement

.o

-

Avaided Frequency Radfatiom

From Table 5-3. Dose/Event.
(Events/Rx=yr) (Man-Rem)
180 1
022 350
1* 2100
.25 150
Total:
40 1
.002 350
0 2100
024 150
Total:
50 1
.003 350
0 2100
.083 150
Total:

1. .8% plugging rate s 180 plugs.

2. 0.4% " "

40 plugs.

3. 0.5% . * « 50 plugs.

24 Year
Avoided: Dose
(Man-Rem)

4320
185
2100
800
7505

1200

700
191
1416

* See note at bottom of Table S-6€.
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The: avoided dases are seem tor be primarily due to avoided tube-
plugging. For-the average unit the avoided annual dese would be significant
i comparisor ta the: total occupational dcsgs presaently recaived.

-

5.3.3 PubTicRiskc z

Therrisk to the public fs caTeuTated using the three accident
consequencess cutlined frr Sectiomw [II.52 core melt, major radiatiom release,
and: mtnor radfatfor release. Giver a tube rupture, the prcbabilities, cost
off cleam-up and radiatfomr doses hava Dbeen datarmined for the thres
consequencas above and are presented fm Section III.5.

The public risk reductiom attributed to these consaquences due %o
SWC-ralated problems is obtained by multiplying the avoided frequency of
tube rupture caused by SWC by the rupturs-to-consequence probability. Thus,
the risk reduction, avofded clean-up cost, and avoided radfation dosage can
be calculated as given in Table 5-3. .

Nota that the existing probabilities of core melt are Tow at 10-7,
major radfation raleasa probability 15 also on the order of 107, and a
moderate probability order of 10-3 for the minor release consaquence., The
reductions in consequenca probabilittas are correspondingly low, with
trivial cost avoidance and negligible dose avoidance due to low event proba-
bilities (see Table 3-3).

Thus, the risk reduction to the public was negligible, as wers the
public costs and doses avoided.

5.3.4 Implementation Plan

Implementation of the SWCP requirament as a condition of the
licensa can be performed with 1ittle impact in most casas. Naw plants
should feal no schedule impact; particularly sinca most new plants appear to
be considering the SGOG SWCP. What the existing plants require is a sat of
procedures identifying the person responsible for data intarpratation, the
sequenca and timing of avents to corrsct SWC daficiencies, and the
reporting/audit system to monitor the program. These procadures and
equipment could be prepared during oparations and implamentad during a
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Tible 5.6 Public Risk Reductiom and Avoided Public

Costs and Doses Oue to SWCP Requirement (per Reactor Year)

Existing Consequence
Probability:

o "Severe®

0 *Medium”*

o "Clean”

o Industry Average

Consequence Probability
Reduction:

0 "Severe”

o "Medium"

o Industry Average

Avoided Consequence
Costs:

o "Severe"

o "Medium*

o Industry Average

Avoided Consegquence
Doses: '
0 “Severe*

0o "Medium”*

o Industry Average

Core:
Melt

(10-7)
4.9
1.1
0.4
1.2

(10-8)

33

3.0
4.5

($)
1000
138
(Man-Rem)
.9

.08
12

Major
Radfation

Release

(10-6)

27
5.7
2.5
6.6

(10-8)
18

1.6
2.4

()

1.80
.16
.24

(Man-Rem)
Neg.

Neg.
Neg.

Mvi nor-
Radiation

Release

(10-4)

13
2.9
1.3
3.3

(10-4)
808

0.8
1.2

($)

8.80
.80
1.20

(Man-Rem)

Neg.
Neg.
Neg.

* See note at bottom of Table 5-6.
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}.Tannect outage: or- avem during operations. However, a realistic time -

schredule for- compT{ance must be established for thoss plants requiring
equipment purchase: and. installation. - .

-
-
-

3.5 ATternatives: -

There: {s na tachnically-accaptable aTtarnmative to the SWCP. The
requirement of a SKC™ as 2 Ticanse conditiom has only the altermative of no
actiam, t.e., Tet the utiTities continue the SWCP in an fnformal manner.
The: condenser- [ST requirement supports the SWC? requirement, but cannot take
tts place.
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