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3. CONCLUSION

The Point Beach Unit 1 steam generator replacement project was a highly suc-
cessful nuclear repair activity. Performing the project on a turnkey basis
provided the management control necessary to maintain staffing, material,
cost, schedule, and ALARA controls. Significant advances in the state of
the art of steam generator replacement technology were developed in the
areas of:

- Advanced outage planning

- Training

- Containment access control

- Radiation exposure control

- Pipe fitup templating

- Upright mnisture separator modifications
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SUMMARY OF SESSION 7 = CURRENT LICENSING POSITIONS AND

Session Chairman: Mr. G. Holahan.

The papers in this session addressing current licensing positions and issues
were prepared by the regulatory bodies of France, Italy, Spain, Sweden and
the U.S. and by the IAEA.

Three of the papers address the broad regulatory approaches used to address
steam generator design, analysis, operation and inspection in the licensing
process. The other three papers address the specific regulatory responses

to the flow induced vibration problem in Westinghouse model D2/D3 steam
generators.

In general, the papers reflect a remarkable, international consensus on the
nature and magnitude of the safety concerns relating to steam generators.

The licensing approaches to both the specific and the general problems vary
somewhat in the details but all address the issues in a manner consistent with
its safety importance. Steam generator tubes are viewed as a special safety
barrier since they function both as a reactor coolant boundary and as a
containment boundary. Simply stated, the safety issues are viewed as:

- most steam generator tube ruptures (~10-2/RY) would be
expected to have negligible radiological consequences;

- a few steam generator tube ruptures (~1/100 or N10-4/RY)
would be expected to have moderate to large offsite
radiological consequences

- a vepy few steam generator tubes (~1/1000 to 1/10,000 or
~10 ¥ to 10 “/RY) would be expected to result in core
damage or core melt

steam generator problems are an important contributor
to occupational radiation exposure.

The papers on the flow induced vibration problem clearly identify that
significant and timely licensing action was needed and taken in terms
limiting operation, requiring modification, and augmenting inspection and
monitoring.
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SESSION 7.1: A REAPPRAISAL OF STEAM GENERATOR
TUBE RUPTURE IN THE FRENCH LICENSING PROCESS

M.M. CONTE, A. GOUFFON, P. MORIETTE
I.P.S.N. FRANCE

1.  INTRODUCTION

In 1970, when the French PWR program was launched, the safety authorities
decided that as much as possible should be gained from American experience,
for design, regulation and general safety principles.

The 1ist and classification of internal events into 4 categories which are
taken into account during design complied with the American Standard: ANSI
18-2 (August 1973). '

Whilst this standard 1ist, which is drafted according to the principle of a
single initiator, e.g. steam line break, has to be finalized at one stage
or another so as to build the project, it should be open to change regarding
any new factor which may affect the assumptions made during the list's
definition.

Significant technological and theoretical improvements were based on the
experience acquired from implementing and operating French nuclear reactors:
28 standardized 900 MWe reactors and then 18 standardized 1300 MWe reactors,
and has been accompanied by a progressively French approach to construction,
principles and evaluation of reactor safety.
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This experience has been further increased by the operation of reactors
worldwide and from the incidents and accidents which have occurred. In the

light of this experience, the French safety authorities have reexamined this
events Tist and have specified acceptable risks for each category of events.

As early as 1977, upon examination of the safety options submitted by
Electricité de France (E.D.F) for the 1300 MWc plants and the safety

evaluation of the prelimary report on the first 1300 MWe reactor (Paluel 1),
safety authorities:

1) specified the risk requirements for the design:

- "As a general objective, PWR design should aim at a probability of
unacceptable consequences of less than 10-6 per reactor per year".

- "if the utility decides not to take into account in the design a
“family of events", it must demonstrate that its probability to induce
unacceptable consequences is less than 10~/ per reactor/year".

2) accepted the values proposed by the designer in respect of radiological
effects associated to category III and IV events.

Tab]e 1 summarizes the classification which associates frequency of and
consequences from the situations used for the design.
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Table 1

|

Class | Annual Occurrence
|

-

Radiological Consequences

I
|
I
I
Authorized releases - |
I
|
|
|

I and II| < 10-2
|
10-2<F <104 5.10"% 'SV whole body dose
' (500 mrem)
15.1072 SV wbd in 2 hours at|

the 1imits of the site |
(15 rem) |

|
I
|
I
l
l
| III
I
l
I
|
l
I I

|
|
|
v | 107%<rF<107t
I
|
I

3) estimated that a total break of a steam generator tube, would correspond

to a primary break with a diameter of around 17 mm, did not appear to be
less Tikely than small breaks in the primary circuit having diameters

between 9.5 and 25 mm. Hence this event should be classed under category
II1.

During this period, around 40 steam generator tube incidents occurred, for

which the corresponding primary/secondary leak rates were measured or
estimated. '

Since then, a broad study has been made by the safety authorities to specify
the steam generator tube rupture events which shall be included in the
design of the plant and to define the criteria and any changes to be made
for the installation to satisfy the risk requirements set for the design.

This study also enabled identification of certain cumulated failures which
had not been taken into account under conventional design and which were

deemed to be sufficiently significant to warrant in-depth analysis.
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2. INTRODUCTION OF GENERATOR TUBE RUPTURES IN REACTOR DESIGN

2.1 Classification of steam generator tube rupture events

The safety evaluation of nuclear power plant design should enable identifi-
cation of all potential "weak spots" in the installation whose failure
would be the source of radioactive releases into the environment and to
determine the action necessary to mitigate the consequences.

Taking under consideration the two following points specific to PWR design,
this type of "weak spot" was rapidly identified:

- steam generator tubes which take the place of the 2nd and 3rd confine-
ment barriers are a particular design point and are an exception to the
concept of 3 independent barriers usually specified between the fission
products source (fuel) and the environment.

Consequently, any tube failure could induce a primary coolant leakage out-
side of the 3rd barrier.

- non filtered releases into the environment from steam generator safety
valve discharge which can occur during an accident situation, and in

particular, following the transient which occurs during tube failure.

The quantity and the activity of the releases depend on primary coolant
activity and on the valve closing time.

Operating experience of pressurized water reactors bore out the fact that
safety considerations on steam generator bundle strength were well founded.
The incident which occurred on January 25, 1982 on the Ginna Reactor, showed
the necessity of evaluating in detail al) solutions which would prevent or
at least mitigate any radioactive releases into the environment.
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Consequently, upon the examination of the safety options submitted by EDF
for a new pressurized water reactor design (N4: 1400 MWe), the French safety
authorities decided that the conventional 1ist of events to take under
consideration should be amended as follows:

- failure of 1 steam generator tube: category 3 event,

- failure of 2 steam generator tubes: category 4 event.

2.2 Impact on Design and Operating Criteria

To meet these objectives, design improvements were decided and new operating
criteria were required by the technical specifications.

Some of these improvements have already been implemented on the 900 and 1300
MWe reactors presently in operation and the new requirements have been
enforced.

These measures contribute to an improvement in the overall safety of the
plants and satisfy two fundamental in-depth defense principles: prevention
of accidents and mitigation of consequences.

2.2.1 Prevention

Various preventive measures have been adopted by E.D.F. to
reduce tube degradation risks.

2.2.1.1 At the design stage

; - Above the tube sheet, the water flowrate has been improved
S by means of flow distribution baffles.

This change reduces deposit regions.

; - Special tube heat treatment limits generalized corrosion
phenomena.
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- Fabrication residual stresses have been reduced: improvement
of tube rolling and stress relieving heat treatment (of

straight and small bended tubes) to reduce corrosion under
stress.

- Quadrifoil tube support plates made of Z10 C13 stainless
steel, prevent denting and improve secondary feedwater
thermohydraulics near the tube support plates.

2.2.1.2 Improvement of secondary feedwater quality

The first incidents observed on steam generator tubes - lea-
kage induced by stress corrosion, tube thinning due to acid
corrosion - lead to the replacement of phosphate treatment of
the secondary feedwater by a volatile treatment as of 1974.

The quantity of denting observed in 1976 in American reactors
which had changed over to volatile treatment instigated a

major research program to stop and if not, to prevent
denting.

Although the conclusions drawn from this program have not
been definitively established, secondary feedwater chemical
specification has been decided for French reactors which is
compatible with operating requirements and, a priori, suffi-
ciently restrictive to prevent denting from occurring. This
specification is now applied.

The volatile treatment adopted consists in the injection of
volatile products, only, into the secondary feedwater.

- an amine (morpholine) to obtain the pH level that limits
corrosion of the materials used for the vessels and piping,
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- hydrazine to reduce oxygen content,

To guarantee treatment efficiency, stringent control is per-
formed to maintain the specified chemical properties of the

secondary feedwater:

- Testing of feedwater treatment: pH and acceptable morpho-
1ine level, hydrazine and oxygen concentrations.

- Testing of steam generator blowdown pollution: measurement
of non-volatile impurities.

2.2.1.3 Enhanced quality control

In compliance with the requests of the French Government, a
major research and development program has been undertaken to

improve steam generator tube defect detection and to evaluate
their hazard.

We have only just cited these controls, since the progress

in these areas and results have been covered elsewhere (cf
session 2: "Regulatory Requirements for Steam Generator Tube
Surveillance and In-service Inspection", P. LEDERMANN,

J.M. GIRES: "Contribution to the Improvement of Flaw Detection
in and Sizing of Steam Generator Tubes using Eddy Current
Techniques", R. LEVY, R. SAGLIO; Intercontrole).

2.2.2 Mitigation of consequences

The radiological consequences of generator tube integrity
failure can be mitigated if any or all of these conditions
are fulfilled:

primary coolant activity is low,
tube flaw detection is rapid,
release time is short,

operating procedure is suitable and easily implemented.
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2.2.2.1 Primary coolant activity

Operating experience shows that all reactors operate with
failed fuel elements.

To mitigate the releases into the environment, primary
coolant activity, which depends on the number and seriousness
of the fuel failures and on the reactor operation, should be
kept as Tow as possible and still be compatible with the
reactor operation.

Previously, technical specifications for continous operating
conditions required that:

- the safety authorities have to be informed and that surveil-
lance activity be increased when the primary coolant mass
activity reaches 4.44 109 Bq (0.12 Ci/t) in I 131 equivalent
and 3.7 ld”'Bq ( 10 Ci/t) in rare gas activity,

- the value, 3.7 1010 Bg (1 Ci/t) in I 131 equivalent and

1.11 1013 Bq (300 Ci/t) rare gas activity must not be
exceeded.

When these values are exceeded, various operating constraints
are applied: reduction of operating time, no load follow
operation, new corrective actions and surveillance.

Hot shutdown status was required for the reactor within

6 hours after primary coolant activity exceeded 1.11 1011 Bq
(3 Ci/t) in I 131 equivalent.
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“Since July 1980, additional limitations have been imposed.
They are based on the mass activfty of the primary coolant
measured under contwnuous operat1on conditions and require
reactor shutdown: '

- during reactor start-up, activity shall not exceed:

1.11 109 Bq (0.03 Ci/t) in I 131 equivalent
9.25 1010 Bq (2.5 Ci/t) total of rare gases.

- When the mean value of mass activity in I 131 equivalent
reaches 2.22 1010 Bq (0.6 Ci/t), as computed from the start
of the cycle, the reactor is shut down within 2 months.

- When this same mean value reaches 2.96 10° Bq (0.08 Ci/t),
the reactor is shut down within 15 days.

Furthermore, to foresee any occurrence of a serious tube

1eakage‘or degradation of minor failures, it is specified
that:

- wheﬁ'instaneous mass activity in I131 equivalent exceeds
1.85 1010 q (0.5 Ci/t) and 1.48 1012 Bq (40 Ci/t) for rare
gases, the reactor shall be shutdown within 48 hours.

- When these same values reach 1.11 1011 Bq (3 Ci/t) and

9.25 1012 Bq (250 Ci/t), respectively, the reactor shall be
shutdown within 6 hours.

The uti]ity mdSt inform safety authorities whenever the values
specified in the technical specifications are reached.




2.2.2.2

- 590 -

To satisfy these operating rules, which 1imit the maintenance
of failed fuelS in the reactor, specifications on the quality
control and elimination of failed assemblies during reactor
loading has been established by the EDF. Studies made by EDF
have lead to the establishment of a relationship between

vprimany coolant activity, the number and location of failures.

This relationship enables determination of rod leak rate,
Vg, which is representative of the fission products transfer
time into the primary coolant.

This initial cladding material estimate is checked out during
the sipping tests and enables discard of assemblies with
serious failures ( Vg near 10-25-1y,

Application of these rules on the 25 plants in operation have
confirmed the soundness of this approach and has enabled
significant improvements in the accuracy of failure's detec-
tion and location of failed fuel rods.

Detection of steam generator tube flaws during operation

During operation, several tests enable detection of flaws
which occur on the steam generator bundle: primary/secondary
total leakage, activity measurements made on the steam gene-
rator secondary-side, from the condenser and blowdowns.

Measurements from the condenser are accurate and involve no
time delay. However, they are insufficient when taken alone,
for operation under accident conditions. Morever, measurement

is inoperative after steam isolation or if the condenser is
unavailable.

Continuous measuring of activity has been installed on each
steam generator blowdown to improve location and rapid fsola-
tion of a faulty steam generator. This additional information
also facilitates implementation of accident procedures.
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Migitation of releases

The radiological consequences of steam generator tube
failures are related to the actuation of the steam generator
isolation devices.

Since efficient filtration cannot be installed between the
active devices and the environment, the release value is
dependent on the closing capacity of these devices, i.e.,
their qualification. To fulfill this qualification, a special
loop is now under construction; next year operation tests on
the safety valves in steam phase will be carried out under
conditions simulating accident conditions.

Regarding water discharge problems, studies have been under-
taken so as to be able to determine the safety margins with
respect -to the risk of filling steam generators with water
and will determine if qualification of active devices under
this type of operation is necessary.

The preliminary results have shown that in the event of
failure of one tube, the risk of filling the generator with
water is low, even negligible.

Operating procedure

Plant design and evaluation of radioactive releases are
based on accident studies whose effect on the plant and the
environment are considered as envelopes of the consequences
of all accidents of the same category. There was no cumula-
tive failure assumed in these studies.

Regarding steam generator tube failures, safety authorities
requested that release evaluations should be based on a
two-fold working hypotheses, one set of assumptions which
maximize effects on the core and the other which maximizes
releases.
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These studies should be carried out in applying the

following rules: )

- the operation of regulation systems should be discounted
to the extent that their effect will be unfavorable with
respect to the consequences of the accident,

- in applying the single failure criteron, the failure of
each steam generator isolating device should be considered
in so far as each of these devices is actuated and any
single failure which delays a drop in pressure in the
cooling circuit should also be considered.

- with respect to operator actions, especially under manual
operation from the control room, for actuators which are
normally operated by the regulation system, no action
should be required during the first 10 minutes following
identification of the accident. Afterwards, operator actions
will be assumed to be effective except in scenarios where
they constitute the single failure to be considered.

- the total lost of external electrical power supplies during
an emergency shutdown should be foreseen.

The progress made in this direction is given in the lecture by
Mrs. N. TELLIER and Mr. M.C. ZILLIOK: "Steam Generator Tube
Rupture: Studies to improve Plant Procedure" (Session 3).

The design improvements that should result from these studies
will be introduced in the design of the new project N4 and the

feasibility of retrofitting them to existing plants will be
examined.
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3. CONSIDERATION OF CUMULATIVE FAILURES

The probability of the occurrence of the event "single generator tube
rupture" has been estimated to be several 10-3 per reactor per year. To
take a census of the set of scenarios whose frequency is estimated at being
greater than 107 per reactor per year, the multiple failures likely to
occur in a plant have to be taken into consideration. Although these cumu-
lative failures are never requested to justify the PWR design, the French
safety authorities have deemed that such studies should be made for the new
project N4. Given the complexity and the number of possible combinations,
it has been decided to analyze two accidents whose radioactive consequences
were estimated to amply cover those caused by potential multiple failures:

- non-isolatable steam pipe break, cumulated over 1,2 or 10 steam generator
tubes,

- single steam generator tube failure cumulated with a steam generator
safety valve open.

The results of these studies will be taken into consideration for the design
of 1400 MWe reactors.

4. CONCLUSION

The principles adopted in France for operating pressurized water reactors
are: priority is given to safeguarding the core in association with low core
activity with respect to fission products (clean core concept) changes in
design and qualification testing of present or scheduled discharge devices
tend towards improved safety by contributing to mitigating the radioactive
consequences of steam generator tube rupture accidents.

Further, studies now underway for evaluating, under penalizing assumptions,
releases related to steam generator tube failure accidents cumulated with or

without a steam pipe break will provide the data needed to decide any new
changes in design.

Finally, analysis of the operating experience should enable the validation
of the solutions adopted and if necessary their improvement.
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SESSION 7.2: ITALIAN REGULATORY TRENDS ON

STEAM GENERATOR TUBE RUPTURE

S. Benassai, G. Bisceglie

ENEA - DISP

INTRODUCTION

The Italian National Energy Plan, approved by the Parliament in 1981,
establishes the construction of eight nuclear power reactors
according to a standardized PWR type desipgn.

In this framework ENEA/DISP, the Italian regulatory authority, has
given first priority to the setting wup of General Design Crileria
(GDC), as to give timely indication on the fundamental safety'and
protection objectives to be achieved in the design. Guantitative
design objectives have then been set up for the radiological
protection of workers and general public, design objectives for
general vpubiic being defined with reference to different plant
conditions. For severe accidents leading to core degradation, safety
objectives, in terms of maximum probability of their occurrence, have
been established.

In accordance to the "defensc in-depth'" principle and consistently
with the radiological 'and safety design objectives, specific design
requirements have been set up for all relevant safety systems,
including the Steam Generators Tubes, considered a critical
component, since their failure:

- allows primary coolant to be released to the environment;
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- may constitute an initiating event of accidental sequences leading

to core melt.

RADIOLOGICAL AND SAFETY DESIGN OBJECTIVES

Radiolégical design objectives for the individuals of the population

reference groups are established as follows:

- for.operationéi conditions, including both normal operation and
transients, the effective dose equivalent and the organ dose
equivalent shall not be respectively higher than 0.1 mSv/y (10
mreﬁ/year) and 0.3 mSv/y (30 mrem/year);

—~ for accidents whose annual probability is not higher than 3 x 10_2
the effective dose equivalent and the organ dose equivalent shall
not be respectively higher than 5 mSv/event (500 mrem/event) and 15
mSv/event (1.5 rem/event).

- for accidents whose annual probability is not higher than 10_3,
inclgding design basis accidents, the effective dose eguivalent and
the.brgan dose equivalent shall not be respectively higher than 100
mSv/évent (10 rem/event) and 150 mS/event (15 rem/event); however
the effective dose equivalent shall be, as far as possible, limited
to 5‘mSv/event (500 mrem/event).

Moreover the occurrence probability of those accident sequences which
entail radiological consequences higher than those above established,
shall be kept as low as practicable. With regard to workers exposure,
it is required that the annual collective dose, for normal and
planned conditions, is aligned with the best international standards,
but not higher than 4 manSv (400 manrem) for each 1000 MWe unit.

Safety design objectives, in terms of reference probability values of

sequences leading to core degradation are also established, as

follows:




- the single sequence annual probability shall not be higher
than 107°; |

~ the overall annual probability shall not be higher than 10—5.

Moreover, proven design alternatives must be taken into consideration

in developing the design so as to approach 10 , and lO“6

respectively for any single sequence and for the overall core

1
degradation (1) probability.

3. CONSISTENCY WITH RADIOLOGICAL AND SAFETY DESIGN OBJECTIVES

3.1 Selection of important events

In order to verify the compliance with the radiological and safety

design objectives, events for the analysis will be selected according

to their occurrence probabilities. Iﬁ particular it is requested the
evaluation of:

- the probabilities of single and multiple SGTR in one or different
steam generators, also considering failure propagation from one
tube to others through impact or jet forces;

- the probabilities of single or simultaneous multiple SGTR, as a
consequence of accidents (such as Feed Water Line Break, ATWS,
LOCA, etc.) entailing significant‘increase in steam generator tubes
stress conditions; N

- conditional core melt probability following‘a SGTR.

The probability of a single SGTR has been assumed not less than 10—2

/reactor year.

1)
( Core degradation has been conservatively assumed to occur when core

coolability conditions, established in accordance to US-NRC 10 CFR

50.46, are exceeded.
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Evaluations

Prelihinary results of the system designer analysis on SGTR for the

Italian reference deé&gn are presently available only for a single

tube rupture, considered alone or combined with loss of off-site

powerﬁ(LOSSP) and Stuck Open Valve (SOV). this analysis are @Pesently

being evaluated by the licensing body.

Probability va;ues and radiological consequences evaluated by

conservative moééls used for licensing purposes, in term of tyroid

dose for the most exposed infant, are respectively:

- for  SGTR: v 10_2/reactor year and negligible radiological
consequences

- for' SGTR + LOOSP:{EIO_B/reactor year and doses up to 3 x 10_2 av

-~ for SGTR + LOOSP + SOV:C{IO_S/PG&CtOP year and doses up Lo some Sv,

Moreovér{ very preliminary results of a level 1 risk assessment

perforhed for the italian reference design give a core degradation

probability from sequences initiated by a SGTR in the order of 10"

“/reactor year.

Multiple SGTR are still under evaluation. They may entail much more
severe conditions, in particular with reference to the possibility of
heat removal from the reactor, if more than one sheam generctor g
affectéd.

Preliminary results, limited to ruptures consequent to accidents
entailing a significant stress increase in the steam generator tubes,
give probabilities in the order of 10”6 for the rupture of two fubes,

and negligible for more tubes.

Preliminary assessment

As it can be seen, radiological consequences associated with SGTR +

: ~6 o
LOOSP and the annual frequenc:y of 10 for sequences ‘tvading Lo core

degradation are slightly above the design objectives mentioned in




paragraph 2. However, also if not conclusive opinion can be expressed

on the bases of these very preliminary and partial evaluations, there

is a wide consensus that a more accurate accident analysis and the

benefits from the adoption of preventive and mitigating provisions

which are under study (and will be discussed later), will be

effective in reducing consequences and probabilities within the

acceptable limits.

PREVENTIVE AND MITIGATING PROVISIONS

Over and above the previous considerations, SGTR may entail, together

with radiological consequences, other important impacts such as:

plant outage;

decontamination and repair cost;

workers exposure for decontamination and repair;

operator behaviour in respect of conflicting demands of avoiding
either the radioactivity releases to the environment or damage
to the fuel;

general public aptitude in relation to any radioactivity release to

the environment.

It is then required that provisions, aimed to prevent SGTR and to

mitigate consequences, are taken into consideration, where they

reflect advanced design developments, whose implementation can be

achieved in the present situation of technological maturity.

Some of these provisions are. discussed in the paper, in connection

with the following items:

improvements in design and construction
improvements for ISI
pressure peak prevention

technical specifications
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- radiocactivity release containment in case of SGTR.

4.1 Design and construction of steam generator

The steam generator should meet the following requirements:

- design, construction and inspectionability shall be in compliance

with ASME Sec. III and Sec. XI for class I components; an analysis

is aiso required of the fracture mechanics capable of demonstrating
the steam gegérator integrity, particularly in design accident
conditions; .

- all workshop welds shall undergo UT control at the workshop
foliowing the same procedures as laid down for the IST;

- reéilience .tests using Charpy V Standard test pieces with
transverse bearing must be carried out on each batch of ferritic
material used in the construction of the steam generator (including
gatéé, water tank and the upper hemispherical casing); such tests
shail be carried out on surface material and at half thickness; the
minimum Charpy V Energy upper shelf value shall not be lower than
100J;

- the bartition plates shall not be of ferritic steel;

- improved toughness, at operating temperatures, of the base
material, weld material and heat affected zone (HTZ) ;

- control of inclusions and segregations and of factors, mainly the

welding parameters, which can lead to the formation of cracks;

— design and construction capable of reducing the number
of areas to be periodically inspected;

- the pipes~pipe plate combination shall be such as to prevent
interstitial areas which can trigger off corrosive phenomena or

inadmissible residual tensile stress conditions;
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- the deposition process for the protective coating on the pipe plate
and on the hemispherical bottom shall be of the low heat transfer
type.

Moreover demonstration shall be given that:

the relative movement between tubes and separating plates does not

lead to excessive thinning of the pipe by rubbing;

post-weld local thermal treatments carried out using induction
techniques do not leave high residual stresses in the weld zone and

. HTZ;

- the coolant flow does not cause, throughout the entire flow
velocity range considered, any self-sustaining vibrations of the
pipes bundles which could lead to impacts or friction between
adjacent pipes;

- the coating deposition processes, especially on forget casing, do

not introduce cracks on the undercoating: destructive tests usedvto

provide an adequate demonstration shall be carried out after

baking.

Improvements for ISI

SGTR can be partially prevented, according to the principle of leak
before break, if an extensive program of. ISI is performed. At the
moment USNRC Regulatory Guide 1.83 constitutes the main reference;
but there is a tendency to improve steam generator ISI program, with
reference to intervals between two 1ISI, choice of tubes to be
inspected, etc.

However, improvement in ISI shall be considered together with the
associated workers exposure, in compliance with the requirement that
the risk reduction for the general public shall be balanced with the

possible related increase in worker exposure. In this regard,
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operating experience from Trino PWR has shown that each ISI on the
steam generator primary and secondary sides leads to collective dose
from 10_1 to 1 manSv (10 -~ 100 manrem). In particular, during the
last ISI, the collective workers dose was in fhe order of 0.4 manSv
(40 manrem), the eddy current test being the major responsible for
the dose (0.23 manSv)..

A fiﬁal decision on improvements for ISI will then be taken with
regard to the use of advanced ISI techniques able to reduce workers
exposure, andan the basis of a sensitivity study concerning the

effects of these improvements on the reduction of SGTR probability.

Prevention of pressure peaks

Provisions to prevent or reduce stress conditions in the primary
circuit and in the steam generator tubes in case of accidents such as
Anticiﬁated Transient Without Scram (ATWS), Main Steam Line Break
(MSLB), Feed Water Line Break (FWLB) are positively considered.

Oné of the alternative considered is increasing the pressurizer
safety valve relief capacity, which would reduce the peak pressure in
the primary coolant and yield an higher probability of the pressure
boundary to survive with no damage a pressure transient,

The peak pressure could also be reduced by adding burnable poisons in
the core; this will modify the core behaviour, reducing the fraction
of time the moderator temperature coefficient is unfavorable. The
adoption of a check valve inside the primary containment would avoid
rapid pressure decrease in the secondary side following a FWL3B,

reducing stress conditions on SGT's.
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Analogously, the adoption of a single forged element (including
branches or in such a way as requires only head welds) for the steam
line section between the primary containment and the isolation valve,

will reduce the probability of MSLB without “isolation.

Technical specifications

Radiological consequences associated to SGTR, are strongly effected

by: A

~ the number (percentage) of failed fuel rod and, consequently, the
radiocactivity concentration in the primary coolant;

~ the leakage flow from the primary to the secondary loop through the
steam generators and, consequently, the radioactivity concentration
in the secondary coolant.

Operating experience for PWR, in Italy and in the world, has shown in

this regard that radioactivity concentration in the primary coolant

and‘SGT leakage rate are generally well below the values of 1 uCi/g

(I 131 equivalent) and 1 gpm which are normally consideredAin‘the

technical specifications and accident analysis. Therefore it ié under

consideration the possibility of fixing more limiting conditions for

the plant operation as regard the radioactivity concentration limits

in the primary coolant and the SGT leakage rate limit,

Radioactivity release containment

A study has been required with reference to possible design options

aimed to reduce the radioactivity release to the environment in case

of SGTR.
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Design options wunder considcration spread from a system able Lo

collect the secondary coolant released via relief and safety valves

and to condensate the steam, up to the more simple rovision of &

circuit able to. discharge the secondary fluid, in case of stean
generator overfilling, to a tank located insids  She o lmari

containment,
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FLOW-INDUCED VIBRATION ISSUES
IN PREHEATER STEAM GENERATORS - THE IAEA INITIATIVES

Ricardo J. Palabrica
Division of Nuclear Safety, International Atomic Energy Agency
Vienna, Austria

1. INTRODUCTION

In response to the requests and the perceived needs of some of its Member
States, the International Atomic Energy Agency (IAEA) undertook initiatives
following the October 1981 incident at the Ringhals-3 nuclear power plant in
Sweden which involved the leakage of primary coolant in one of its preheater
steam generators. The cause was subsequently determined to be high wear
rate due to flow-induced vibration of the steam generator tubes. The wear
was most pronounced in tubes close to the feedwater inlet.

The Ringhals-3 incident has international implications. There are plants in
other countries, namely, Brazil, Spain and the United States, which have
similar steam generators. In addition there are plants in Belgium and
Yugoslavia which are equipped with steam generators of slightly different
design, but utilising the same concept of preheating the feedwater, which
may experience the same problem. Overall, more than 100 steam generators in
30 PWR plant units worldwide have been affected (see Table 1). The safety
concern with regard to this problem stems from the fact that if the rate of
tube wear is too high, or if the wear remains undetected, tube failure may
occur even during normal operating conditions. Such events may have
potential radiological consequences, both to the plant personnel and the
members of the public.

Paper to be presented at the NEA/SNI-UNIPEDE Specialist Meeting on Steam
Gencrator Problems, Stockholm, Sweden, 1-5 October 1984
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various investigations and studies were initiated by organizations affected
by the problem (1.e., the manufacturer of the steam generators, utilities
and regulatory bodies in affected countries). Both short- and long-term
actions for resolution of the issue were developed.

Table 1. Plants affected by the steam generator tube vibration problem

Country No. of units No. of steam generators
per _unit

Split-flow models

Brazil 1 2
Spain 6 3
Swedan -
S A. 6 4
Counter-flow models

Belgium 2 3
Spain 1 3
U.S.A. 1 3

11 4
Yugoslavia 1 2

The IAEA initiatives in assisting its Member States affected by this problem
have been in the form of: (1) sending safety advisory missions to the
Angra-1 nuclear power plant in Brazil and the Krsko plant in Yugoslavia in
1982, at the request of these countries, and (2) the convening of an
Advisory Group on Safety of Preheater Steam Generators in October 1983.

These initiatives are part, respectively, of the advisory services and
exchange of information components of the nuclear safety programme of the
Agency. Among the other components are the development of internationally
agreed safety codes and guides for nuclear power plants (referred to by the
acronym NUSS); establishment of an international Incident Reporting System
(TAEA-IRS) that will, it is hoped, eventually include all countries with
nuclear power programmes; development of international mechanisms to
respond to requests for assistance in the event of a serious nuclear
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accident; and, the identification of areas and means by which international
co-operatjon'in nuclear safety research can be possible.

2. SAFLIY ADVISORY MISSIONS ON STEAM GENERATORS

The safety advisory missions to Brazil and Yugosiavia on the steam generator
vibration problem were each of one week's duration and were each composed of
a team of five experts from Spain, Sweden, USA and the IAEA. These missions
conducted discussions with the regulatory bodies and utilities in the
requesting countries.

In Brazil, the Angra-1 nuclear power plant was nearing critical stage at the
time of the visit of the mission in January 1982. This mission was
requested to provide information and advice in the following areas (Ref. 1):

- Status of the steam generator problem in Spain, Sweden and the U.S., and
the corresponding regulatory and industry positions on the problem in
these countries;

- Comments on the safety review and licensing decisions of the Brazilian
regulatory body for the Angra-1 nuclear power plant with respect to the
tube vibration problem;

- Effectivity of certain tests and instrumentation for detection of steam
generator tube vibration and wear. ’

In Yugoslavia, on the other hand, at the time of the mission in June 1982,
some tests and measurements had been completed concerning the vibration in
the steam generators of the Krsko plant (Ref. 2). As a result of these
tests, a proposal was made to make modifications in the feedwater flow in
order to alleviate the problem. The mission was requested to'give'comments
and advice on the following: )

- Proposed feedwater syétem modification, including the changes that need
to be done to other plant systems;
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- Plans and preparations for the operating programme following the
modification.

The sharing of information and experience during the safety advisory

missions have been useful, not only for the recipient countries, but also to

the mission members in that they contributed towards providing bases for

decisions relating to the vibration issue.

3. ADVISURY GROUP MEETING ON SAFETY STEAM GENERATORS

By 1983 results were already available on the actions taken to resolve the
steam generator problem. In particular, modifications designed to eliminate
or reduce vibration to acceptable levels have been introduced in several
affected steam generators.

These modifications were in the form of either: (1) the installation (for
the split-flow models) of a device to improve the flow distribution at the
entrance of. the preheater; or, (2) improvement of the tube support
conditions (for counter-flow models) by reducing the clearance between
selected tubes and support plates, i.e. by tube expansion. In addition, a
reducfion in the velocity of the flow in the preheater for some counter-flow
steam generators was also provided by splitting the feedwater flow between
the main and auxiliary nozzles.

In view of the above developments, the Agency deemed it useful to convene in
Vienna a one-week Advisory Group meeting in October 1983 in order to review
the available experiences, test results and other relevant safety
information on preheater type steam generators installed in plants which are
either operating or under construction. The countries represented at the
Advisory Group were Belgium, Brazil, Canada, Germany (F.R.), Spain, Sweden,
U.S.A. and Yugoslavia. The Advisory Group developed several recommendations
on the subject which should be of value to Member States with nuclear plants
equipped with the type of steam generators which are affected by the
problem. They will also be of value to the designers of nuclear power plant
systems in terms of the important considerations that should be taken into
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account in future designs of nuclear steam generators. The general lessons
learned from the actions taken in order to solve the problem should be of
benefit to utilities-and regulatory bodies of Member States with nuclear
power programmes.

The following recommendations were made by the Advisory Group relative to
general plant design and preheater steam generator design (Ref. 3):

3.1 General Recommendations

1. New design and design changes, prior to their implementation, should be
thoroughly investigated through appropriate analytical studies and
experimental modelling of the actual design. The extent, degree of
replication and scale selected for the experimental model should be
appropriate for the conditions to be modelled and the phenomena to be
studied.

2. Changes in the design of systems important to safety, including their
implications for the other plant systems and components, should be
highlighted by those who performed the change and should be analyzed in
the safety documentation.

3. Review of these design changes should be performed by personnel who have
knowledge of the previous design and who will have subseguent
responsibility for operating the modified system.

4. Organizations charged with licensing and regulatory functions should
ensure that adequate attention has been paid to these design changes by
all organizations responsible for their review, impiementation and
operation.

5. Resolution of generic problems, particularly those that are important to
safety, can be effectively implemented through co-operation and pooling
of resources by the affected organizations within a country and on an
international basis.
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3.2 Specific Recommendations for Preheater Type Steam Generators

1. An adequate flow distribution scheme appropr151e for the tube support
conditions should be provided to minimize the risks of adverse tube
vibration.

2. Prehcater type generators are designed for various reasons, among which
is the desire to increase the heat transfer and thus reduce the size of
the equipment needed for a given capacity. The entire preheater
section, including passes other than the inlet pass, should be
considered in the evaluation of all aspects of preheater performance.

3. Loadings considered in the design evaluations of the preheater
components and actual plant loading conditions should be reviewed to
ensure that the plant loadings are within the envelope of the design
loadings. This review should be completed for the initial plant and
component designs and following any subsequent design changes in the
plant or component. For example, plant operating thermal transients,
feedwater 1ine pressure pulsations and piping vibrations should be
verified as being consistent with preheater component design assumptions.

4. If modification s contemplated, a review of the existing surveillance
programme should be made to establish the need for changes in scope and
frequency of the inspection programme. Where necessary to ensure
continucd safe plant operation, consideration should be given to other
measures of inspection. The need to trend results from the surveillance
programme should be recognized for the purpose of deciding whether any
additional actions may be necessary.

5. As regards the implementation of modifications to installed components,
the following recommendations can be given:

a. The modifications should preferably be performed prior to plant
start-up in order to avoid radiological exposure of plant
personnel and to allow unlimited amount of work time in the
affected afca;
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b. Strict control should be established regarding the too]s and
materials used for the modifications in order to ensure that no
foreign objects or loose parts are left in the system.
Following the modification, thorough inspection should be

performed to verify that this has been achieved.

c. In carrying out the modification, care should be taken that the

steam generator internals are not damaged and to verify, after
the modification, that no damage has occurred;

d. Personne) assigned to the implementation of the modification
| should be given appropriate training, preferably using
mock-ups. A detailed planning of the operations should be done
in advance to reduce the exposure of personnel to a level as low
as reasonably achievable;

e. To avoid unexpected failures during the implementation of the
modification, special tooling should be qualified and tested in
full scale mock-ups. That the tooling is functional should be
confirmed after receipt on site;

f. Operational procedures should be reviewed and, if necessary,
© revised to reflect system changes or equipment modifications
implemented. Appropriate operator training should be carried
out in such circumstances.

6. After the modification and following the review of several in-service
inspections, the potential exists that some additional actions may be
necessary. Tests and analyses should be conducted prior to the
implementation of such actions.

The bases for the above recommendations are discussed in detail in Ref. 3,
along with specific lessons learned in the modifications of the split-flow
and counter-flow types of preheater steam generators.
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4. CONCLUDING REMARKS

International co-operation has proven to make an ifidispensable contribution
towards assuring nuclear safety. The broad membership of the IAEA makes it
jdeally suited for making such co-operation possible. Through advisory
safety missions the IAEA can make directly available to requesting Member
States the knowledge gained from the experience of others. Through the
hosting of meetings, seminars and symposia, it provides a forum for exchange
of technical information to pool the collective knowledge and experience of
the international community.
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SESSION 7.4: TUBE WEAR DUE TO FLOW—INDUCED
VIBRATION IN WESTINGHOUSE STEAM GENERATORS.
LICENSING REQUIREMENTS IN SPAIN

José I. Villadoniga
Maria T. Sanz

Consejo de Seguridad Nuclear.

1. INTRODUCCION

On October 21, 1981 there was a leakage of primary coolant in a steam gene—
rator of the Ringhals—3 nuclear power plant in Sweden. The cause of the
incident was the high wear rate due to flow—induced vibration of the steam
generator tubes which led to the leakage of the primary coolant through the
tube.

There are 6 units in Spain with the same steam generator model as Ringhals 3
Since each unit has 3 steam generators, there are 21 steam generators
directly affected by the flow—induced vibration problem.

The aim of this paper is to present the licensing requirements and actions
of the Spanish Regulatory Body, the Consejo de Seguridad Nuclear (CSN)
regarding this matter. Although a few words are said about all the affected
units, the enfasis is put on Almaraz Nuclear Power Plant Unit 1 since most
of the licensing requirements were imposed initially in this unit and
extended later on to the other units.

-




2. LICENSING REQUIREMENTS AND ACTIONS.

When the incident at Ringhals—3 occurred, only Almaraz—1 was in operation
(100% power). Once the cause of the incident was determined, Westinghouse
advised the owner to shutdown the plant to check whether the problem in
Ringhals was generic (affecting other plants) or specific to that plant.
Almaraz—1 was shutdown on November 1981 to conduct ECT inspection of the
steam generator tubes. The results of the inspection showed that Almaraz-
tubes were undergoing the same type of degradation previously found at
Ringhals—3. However the level of degradation was lower since Almaraz had
been in operation for a shorter period of time. The ECT inspection performed
at that time used the multifrequency differential method.

Shortly after the problem of tube wear was discovered it became apparent
that a quick solution to eliminate it would not be available. To reduce the
energy production losses to a minimum and to gain experience about the
threshold of the vibrations, the owner of Almaraz-1 applied for a permit to
operate the plant 1500 hours at 50% power including apower escalation at
the beginning of the 1500 hours run. Previously the utility asked for a
change in the plugging 1imit from 40 to 50% claiming that the ECT method
used was overconservative based on a comparison df_the defects measured by
ECT and the laboratory examination of two pulled tubes; that change was
approved by the CSN. With the plugging limit of 50% a total of 38 tubes had
to be plugged. Regarding the damage distribution it is worth to mention that,
a]thoughfa pattern could be recognized; there was a considerable dispersion
in damage levels. For instance, tubes simetrically situated in the same
steam generator or in the same position in different steam generators have
suffered substantially different damage. This fact revealed that one factor,
i.e., the tube support conditions, was playing an important role in the phe
nomena. To allow the determination of a threshold of tube vibration the
owner of the plant installed four internal accelerometers inside two tubes
(2 per tube ) of the Steam Generator number 1 and installed three external
accelerometers on the outside surface of each steam generator.

Although some analytical studies and scale model test results were available
at that time, the license to proceed was given mainly to allow the power
escalation and therefore to obtain information that could be used to deter
mine a safe level of operation. Only 40 hours were allowed for the power
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escalation and periodic reports were required along the 1500 hours run. At
the end of this period the unit was shutdown to conduct ECT examinations of
the tubes. This time ECT was performed using the previous method and an
improved method (i.e., the absolute method). While the results of the abso
Tute method gave a clear indication that the differential method results
were normally overconservative, it was not easy to infer a reliable rate of
wear at 50% power since previous measurements were done only with the dif—
ferential method. In order to obtain an idea of the real damage of the plug
ged tubes, one tube per steam generator ( the tube with the highest indica—
tions ) were unplugged and ECT performed again. A1l the results of the abso
lute method were below 11% while some of those tubes had ECT indications,
using the differential method, as high as 83%. At this time two additional
tubes were pulled out for laboratory examination.

The utility applied again for a 1500 hours run at 50% power. The application
was supported by: (1) the accelerometer measurements showing that the vibra
tion level at 50% power was very small compared with that at 100%; (2) the
comparison of ECT, results with previous inspections; and (3) the information
arising out of scale models. The CSN accepted the application, and later
the permit was extended to 2000 hours. '

The unit was shutdown and a new ECT examination of the tubes was performed.
This time both ECT methods were used again. The comparison of the absolute
method readings obtained this time with those obtained in previous shutdowns
showed a very small, if any, increase in wear during the 2000 hours at 50%
power level. At one time the utility considered the possibility of increa--
sing the power by feeding the steam generators through the auxiliary feedwa
ter nozzle (13% of the flow) while maintaining the previous feeding (50%)
through the main feedwater nozzle. Although some modifications and tests
were performed the idea was later neglected. After the 2000 hours run, and
in as much as the modification to be developed by Westinghouse was far from
being ready, the utility applied this time for a 4000 hours run at 50% power.
Based mainly in the previous ECT resuits thé CSN granted the permit. Near
the end of this period the utility requested an extension of 840 hours to
maintain the plant in operation until the modification was ready to be ins
talled in the plant. The permit was granted again by the CSN.
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Up to this point the Spanish problems were mainly related with the defini
tion of safe levels of power operation while waiting for a modification. We
will discuss briefly what the utility and the regulatory body did to deal
with this problem.

First of all, it has been the normal practice of the Spanish Regulatory Body
to require that none of the nuclear power plants constructed in Spain would
have "first—of—a—kind" components. Every plant mus have a "reference plant"
that must start operation before the similar plant in Spain. Clearly, this
concept did not bring adequate protection since a steam generator model,
which has not been sufficiently proven in operation was procurred. The cause
might have been the lack of standardization in designs at that time which
made difficult to detect the change in the design of the new steam generator.

From the beginning it was noticed that while scale or mathematical models
would play an important role in the identification of a safe level of opera
tion, the most reliable element to define such a level would be ECT inspec—
tion of the tubes. Therefore, the utility sponsored a programme, in collabo
ration with another affected utility, to improve the precision of the ECT
methods. The CSN has paid special attention to the ECT results in assessing
the applications for operation at 50% power. A very small wear increase has
been allowed considering that the total avoidance of this type of degradati
on would be not cost—effective, when other sources of tube degradation would
remain, and that a very small wear rate may be an economical problem rather
than a safety problem. However, the CSN has carefully reviewed the potential
for an active tube to fail either due to excessive wear of the tube itself
or due to the previous failure of a plugged tube. Apart from ECT data the
mathematical models developed by Westinghouse to predict wear progression
were reviewed. It was found that the "best estimate" model could underpredict
the wear in the most unfavorable tubes. The last ECT examination of Almaraz 1
after operation at 50% power, showed a wear increase exceeding the predic
tions of Westinghouse, but in any case far from being a safety problem since
there were considerable margins in the wall thickness of the tubes before
that operational period.

The criteria used to decide about the acceptability of a period of operation
at a specific power level were the following:

— Regarding the active tubes, the most worn tube must not suffer




additional wear which will be enough to cause te tube failure
under accident conditions;

— The plugged tubes must not reach the point were a complete severance
of the tube can happen (since that tube may damage neighbouring
tubes);

Two aspects were considered concerning the plugged tubes:

— To determine their actual wear , since they had been plugged based on
ECT data taken with a method affected by large uncertainties. Several
tubes were unplugged and a correlation between the differential and
expected readings was employed.

— To determine if the wear models were applicable to the plugged tubes.
By testing and analysis it was shown that both active and plugged
tubes would behave in a similar manner.

In summary, the experience of operation at 50% power has shown that, although
small wear rates are still present, they are low enough to permit plant ope
ration during short periods of time without endangering the integrity of the
tubes. ’

Some time before the scheduled installation of the modification the utility
applied for a license to implement the modification and to reinitiate the
operation of the plant. The CSN faced the assessment of the proposed modifica
tion at the same time that many other safety reviews had to be done. To redu
ce the expenditures of resources to a minimum the following approach was
used. The topics for review were divided into: (1) Generic, i.e., those
applicable to every plant with model D2/D3 steam generators; and (2) Specific,
i.e., those applicable to a plant given its physical design or schedule.
Since the generic aspecté had been reviewed by the Design Review Panel (22
experts) and by the NRC (7 experts) it was considered not cost—effective to
proceed to an in—depth review of such aspects. However, to make possible a
correct interpretation and application of the DRP and US NRC conclusions, an
overview was performed and a continuous contact and collaboration with the
U.S. NRC was maintained. Since Sweden had plants with the same problems, a
collaboration with the Swedish Regulatory Body, the SKI, was also maintained.

Regarding the specific aspects, the work of the CSN was divided in two main
areas: (1) The review required to grant a license for the installation of: :
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the modifications; and (2) The review required to grant a license for the
operation of the modification. This split up of the work permitted the com
pletion of the review required to authorize the installation when there were
still some points under discussion regarding the operation. However, at the
time the installation license was issued there was a reasonable assurance
that the operational requirements would be feasible.

Concerning the installation of the modification several aspects received
attention: (1) The review of the technical and quality assurance procedures
for the installation; (2) The inspection of some of the installation opera
tions; (3) The review of the installation incidents; and (4) Alara require
ments.

Regarding the operational requirements of the modification the following
aspects were reviewed ( using as a reference the U.S. NRC Safety Evaluation
Report for Mc Guire—1 ):

1. Monitoring of pressure oscillations.

The intent is to monitor all pressure variations which could affect the
fatigue usage factors of the bolts and welds. This was accomplished by using
the pressure transducers installed in the feedline. Measurements were perfor
med from 0 to 100% power. Power escalation was caried out in 3% increments.
Measurements were takenlduring the period when power was increasing as well
as at each 3% increment. The oscillations measured are bounded by those used
in the design of the modification and are, therefore, acceptable.

2. Feedwater System changes. _

When main feedwater is initiated during plant wakmup, the stagnant colder
water downstream of the main isolation valve is injected into the steam gene
rator causing conditions givin rise to usage factors over 1.0 of several
manifold bolts. To avoid this problem a new line has been mounted to permit
the backflow flushing of the main feedwater line. Since the implementation
of the purge may cause other problems a safety analysis covering pipe break,
missiles, flooding, containment isolation and deéign basis events was requi
red. Additionally, operational procedures to use the purge had to be deve
Toped. v

3. Loose parts monitoring.
Since the Loose Parts Monitoring System may detect that one of the
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manifolds is loose, requirements regarding the operability of the system
have been introduced into the Technical Specifications. The requirements
are those in the Standard Technical Specifications and in the Regulatory
Guide 1.133. )

4. Tube vibration monitoring.

Data from the accelerometers wererecorded at the following power levels
during steady state conditions: 40, 50, 60, 70, 75, 80, 85, 90, 95 and 100%.
This data were recorded during the power escalation following the modifica
tion. Additional data wererecorded at 100% power after three months of
equivalent full power operation. Due to the uncertainty in the relationship
between tube vibration and wear and the different behaviour of different tu
bes, no short term  acceptance criteria was established. However, the results
of these measurements were expected to be useful in assessing the long term
potential for the manifold to reduce the wear rate to an acceptably small
value.

After the assessment of the data obtained during August of 1983, Westinghou
se reached the following conclusions:

— Post-modification plant vibration data are consistent with data
obtained from full scale models.

— The data indicate that the instrumented tubes are supported at more
plates in the modified configuration than in the unmodified configu
ration.

— The post-modification values of displacement, peak—to—peak accelera
tion, and G.A at 100% power are comparable to or less than the
corresponding pre-modification values at 50% power.

These conclusions are still under consideration bythe CSN staff because in
tube R49C51 1ight impacting is observed in the time histories at 86% power,
(although as power is increased the tube gains increased support at one or
more plates resulting in no impacting at 100% power ). In a similar way
for tube RA9C71 the onset of tube to plate impacting occurs at 86% power,
no impacting is observed at 90% power, but light impacting is apparent for
100 percent power.
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5. Eady Current Testing (ECT) Program.

The following surveillance program has been required: In the first inspec
tion after aproximately six months of operation the first five rows ( 45 to
49 ) and all tubes with indications in previous inspections will be examined.
In the second inspection at least two steam generators will be examined
including the first two rows (48 and 49) and all tubes with indications in
previous examinations. In subsequent inspections only the first row (49) and
the tubes with previous indications will be inspected in the steam generators
selected according to the technical specifications.

Almaraz—1 was shutdown for refueling in January 27, 1984. An ECT inspection
of the first 6 rows of the preheater, 2 rows in the tube bundle periphery

and the tubes in a matrix 5 x 5 was performed. As part of it all the previous
ly plugged tubes in the three steam generators were unplugged and ECT inspec
ted. During the unplugging operation some plugs broke—down and had to be
machined. After the inspection of the 38 previously plugged tubes it was
found that 13 had indications close to or over 40%, therefore they have been
plugged ‘again with the use of stabilizers.

The stabilizer is comprised of a length of cable with sleeves swaged onto the
cable and also a'swaged—on plug. On to one end of the cable is swaged an
steel tip. This tip has a pointed end and is the first part of the stabili
zer which is to be inserted into the steam generator tube. The positions

and spacings between sleeves is such that the stabilizers sleeves rest oppo
site to ‘the preheater baffle plates when the stabilizer is installed. The
sleeves are spaced so that the stabilizer can be bent and manipulate easily
inside the channelhead for simple installation into the tube.

According to Westinghouse stabilizers have undergone an extensive testing and
qualification program which have demonstrated satisfactory performance. In
addition to material testing,the stabilizer performance was tested by random
vibration, flow induced vibration and autoclave wear testing. Although it is
expected that reduction in tube vibration will reduce tube wear rate, it was
not the requirement for the design of the stabilizer qualification. Conti
nued wear of a satabilized tube is not of concern since the tube is inactive
due to the plug used with the stabilizer and the tube motion is arrested and
prevented from forming loose parts by the sleeved cable.




Although plugged tube stabilization may not be strictly required the utility
believes that with this solution plugged tube surveillance will not be
needed. It appears that similar stabilizers had been installed at other
plants 1ike: Catawba—1, Watts Bar—1 and Byron-—1 in the United States and
Krsko in Yugoslavia.

The ECT results showed no wear change for most of the inspected tubes, the
rest of the tubes had wear increments ranging from —3% to +4% of the nominal
wall thickness. These increments are within the range of ECT measurement
uncertainties.

6. Visual Inspection.

The visual inspections are intended to provide an early indication of any
unexpected loss of structural integrity of the manifolds. The inspections
are performed in accordance with ASME XI, IWA-2211. Visual Examination VI-1,
using a fiber optics boroscope. A visual inspection of the manifold is requi
red every time the steam generators are undergoing ECT inspection.

After shutdown in January 1984 a visual inspection of the modification was
performed. Although some deposits, erosion and sligthly increased gaps
were found they had been considered as acceptable.

Once the refueling shutdown was completed Almaraz-1 went back to operation.
The presently approved surveillance program requires ECT of the tubes and
visual examination of the manifold in subsequent refueling outages.

Regarding Almaraz 2, and Ascd 1,2 all these units have installed the modifi
cation after a.review process similar to the one described for Almaraz-1
with several differences:

— Since these units were not in operation at the time the Ringhals—3
leak occurred they had no worn tubes, neither was necessary to
approve partial power operation.

-~ Qf these units, Almaraz 2 and Asco 1 were close to be lead plants in
Spain after the manifold installation, therefore they have installed
accelerometers and have been required to perform tube vibration
measurements. Ascd 2 does not have accelerometers.

— Since there is a reasonable assurance that the modification




- 624 -

substantially reduces the vibration level these units will probably be
exempted from a shutdown for ECT after six equivalent full power months.
Pressure oscillation monitoring, feedwater system changes, loose parts mo
nitoring, eddy current testing and visual inspection requirements are

basically the same for these units.
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3. CONCLUSIONS.

This paper has presented the licensing requirements and actions of the CSN
regarding the tube vibration problem in steam generators in Spain. There
were three distint stages in the licensing process of this matter:

— Definition of safe levels of power operation while a modification
was not ready ( 1981 & 1982)

— Licensing of the modification installation and operational
requirements ( 1983)

— Surveiilance program of the modification performance. ( 1983, 1984
& beyond )

Throughout the whole license process the main idea was to establish the
appropriate licensing requirements to return the plant conditions to those
existent before the vibration problem appeared, conditions that had been
considered acceptable based on the plant safety analysis.

It has been posible to carry out a reasonable review with limited resources
due to the excellent international cooperation between the countries affec
ted by this problem.
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SESSION 7.5: THE SWEDISH REGULATORY APPROACH
TO VIBRATION-INDUCED TUBE WEAR PROBLEMS

Lars Hoegberg
Swedish Nuclear Power Inspectorate (SKI)

1. EVALUATION OF SAFETY CONCERNS

The vibration induced wear of tubes in Westinghouse type D3 steam
generators was first detected in the Swedish Ringhals 3 plant in
October, 1981. The inspectorate immediately notified authorities in
other countries with similar types of steam generators. Subsequently,
the generic nature of the problem was confirmed by measurements in the
Almaraz plant in Spain. It was realized that the rapid wear at tube
support plate positions was a new type of steam generator tube failure
mechanism to which old safety concepts, plugging criteria, etc could not
be applied uncritically.

The inspectorate's initial analysisl of the safety aspects of the
vibration induced wear phenomena led to the following conclusions,
endorsed by the inspectorate's advisory committee on reactor safety:

The wear mechanism was such that many tubes could be worn thin
simultaneously, substantially increasing the probability of single or
multiple tube failure. There was also an increased risk that plugged
tubes were worn through, generating loose parts which in turn might
damage earlier unaffected tubes. Probabilistic risk assessments and
other safety studies pointed unambiguously to the safety significance of
steam generator tube breaks as initiating events in transient sequences




- 628 -

involving high operator stress and possibilities to bypass the
containment by blowing mixed primary/secondary steam into open air
through the main steam safety valves. Hence, the design deficiencies in
Ringhals 3 and the number of already worn tubes raised obvious safety
concerns that must be addressed before continued operation of Ringhals 3
could be granted by the inspectorate. This conclusion was reached in
accordance with the inspectorate's basic safety policy which states that
before reactor operation is resumed after a planned or unplanned
shutdown, the following c¢criteria must be fulfilled:

- the extent of any faults discovered, which are considered
“relevant to safety, must be determined with acceptable precision
- the mechanism causing the faults must be understood, to the
~extent that a prognosis of fault growth rates can be made
- necessary remedial and control measures - at least of a
- provisional nature - must be implemented on the basis of the
estimated extent and growth rates. Some uncertanties in these
estimates can be accepted if it can be shown that the
"probability of serious consequences with regard to safety is
Tow.

The imﬁ1ementation of this basic safety policy of the inspectorate in
the case of Ringhals 3 is described in the following sections.

Some confirmation of the safety concerns expressed in the inspectorate's
first evaluation, mentioned above, was provided by the January 25, 1982
incident? at the Ginna plant in the United States.

2. DETERMINATION OF THE EXTENT OF THE WEAR

The problem of determining the extent of the wear with acceptable
precision was addressed by applying a new eddy current evaluation
technique presented by Zetec Inc. and the Swedish State Power Board
(SSPB). The new evaluation technique was based on amplitude measurements
instead of phase angle measurements. Calibration standards tailored to
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the specific problem, i.e. determining circumferential wear in the tube
support position, were developed. The inspectorate stressed the
importance of intercalibration with micrometer measurements on pulled
tubes which had been eddy current tested before pulling. A number of
such intercalibrations were subsequently performed, substantially
improving confidence in the eddy current measurements. Also,
computerization of eddy current test read-outs and comparison with
calibration standards have reduced measurement uncertainties. Such
improved measurement techniques are of course also beneficial to the
utility in theirassessment of deterioration rates and remedial actions
with respect to steam generator operational performance.

3.  ANALYSIS AND MODELLING OF VIBRATION PHENOMENA

Obviously, the modelling of flow patterns and so called fluid-elastic
instabilities used by the vendor in the design phase could not be
accepted. Using its main office engineering staff and its Aelvkarleby
hydrological laboratory the SSPB launched a substantial programme,
carried out together with westinghouse and aimed at better understanding
and modelling of the vibration phenomena to be able to resume operation
at reduced power and to evaluate more long term remedial measures. The
full scale experimental model built at Aelvkarleby soon revealed the
complex and turbulent flow patterns at the feedwater inlet in the
preheater section. To facilitate the safety evaluation of the
inspectorate, basic assumptions, models and experimental results were
discussed at freguent meetings between SSPB and inspectorate technical
staff. The position taken by the inspectorate was that operation at
reduced power, pending design modifications, could be resumed only if it
was shown there was a low probability of further damage to the tubes so
as not to affect long term solutions adversely. Inter alia, it was
pointed out by the inspectorate that the increased clearance between
tube and tube support plate due to wear could impair the tube support
situation allowing for longer free vibrating lengths and hence higher
future wear rates.

Based on an evaluation of experimental results from Aelvkarleby and a
comparison with measured wear from the first period of operation in
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Ringhals 3 and Almaraz, SSPB proposed a model for predicting wear rates
as a function of main feedwater flow. Allowing for the uncertainties in
the knowledge available at that time, it was concluded that operation at
40% of full main feedwater flow for 1500h would -result in a very low
risk of further wear, except perhaps to a few tubes which might be
especially exposed in terms of local flow pattern and large clearance
between tube and tube support plate. The first wear prediction models
were then gradually improved, using more detailed and sophisticated
measurements from Aelvkarleby, vibration data from instrumented tubes in
Ringhals 3 and other reactors and, finally, eddy current measurements on
large numbers of tubes in different places after extended periods of
operation at reduced power.

4. TUBE PLUGGING AND TUBE PULLING CRITERIA

As already pointed out, plugging criteria developed for other types of
steam generator tube problems could not be uncritically applied to the
vibration induced wear situation. The following approach was adopted by
the inspectorate:

- For each operating period between eddy current inspections there
should be adequate safety margins against tube breaks for unplugged
tubes. Based on NRC Regulatory Guide 1.121 it was concluded that
a remaining wall thickness of 35% would provide sufficient
structural integrity margins for all operation and transient
conditions. To these 35% were initially added a 15% margin for
measurement and calibration uncertainties and another 10% to
provide margins for additional wear. Hence, tubes with a remaining
wall thickness less than 60% should be plugged.

- For each operating period there should furthermore be adequate
margins against tube breaks for already plugged tubes so as to
prevent risk of generating loose parts. Calculations showed that
the wall thickness of 15% is a resonable structural integrity limit
for such tubes. Adding margins for measurement uncertainties and
additional wear it was concluded that tubes with remaining wall
thickness smaller than 35% should be pulled.




- 631 -

On the first plugging occasion (March 1982) the inspectorate prescribed
use of both the amplitude and phase angle method, whichever gave the
most stringent requirement for plugging. Later on, as experience with
the amplitude measurement method grew, the inspectorate in effect
dropped the phase angle method for evaluation of indications in tube
support plate positions. The original margin of about 15% for
measurement uncertainties was reduced as more intercalibration data from
pulled tubes became available. However,the main part of the original
margin was proved prudent as the new data showed that earlier
calibration curves had been non-conservative in the high-wear region.

5. THE "TELL-TALE" PLUG CONCEPT.

Obviously, the inspectorate was concerned about possibilities to monitor
if the most worn tubes - after plugging - were subject to continuous
wear as they could be expected to be the most exposed tubes in terms of
adverse flow patterns and support situation. Continuous monitoring
during operation of any developing leak in those tubes would provide
early warning of

- Gross errors in the prediction of maximum wear rates at the chosen
power.

- Rapidly increasing risk of generating l1oose parts.

In response to the inspectorate's concerns about such continuous
monitoring, so called "tell-tale"plugs were proposed by SSPB. These
plugs have a small hole providing a controlled primary to secondary leak
path if a plugged tube is worn through. The leakage rate is Timited by
the size of the hole to values above detection 1imits but well below the
rate normally allowed in the technical specifications. Such plugs were
used on all tubes requiring plugging. The "tell-tale" plugs can be
described as an independent safety net, catching abnormal tube wear.
Obviously, the use of "tell-tale" plugs eliminated any immediate need
for stabilization of plugged and worn tubes, thus providing time to
develop and evaluate long term solutions to the worn tube problem.
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In this context it might also be mentioned that loose part monitoring
systems have been installed on all Ringhals PWRs.

6.  OPERATIONAL PERMITS FOR RINGHALS 3 BEFORE MODIFICATION

In April 1982, the inspectorate granted Ringhals 3 an operating permit
for 1500h (e.g about 2 months) at 40% power. In its decision the
inspectorate cited the improved modelling of the wear mechanism
presented by SSPB, based on Aelvkarleby data and on the first vibration
measurements in Almaraz, as well as the application of the plugging
criteria described above using "tell-tale" plugs3, After the 1500h of

operation Ringhals 3 was shut down for eddy current testing in June,
1982. Although some additional wear could not be fully excluded, both
the eddy current tests and the vibration measurements in instrumented
tubes during operation indicated that previous estimates of maximum wear
rates had been conservative. Hence, an operational permit for an
additional 1500h period of operation was granted in August, 1982. In
September, an unplanned shutdown and eddy current inspection took place
due to the detection of loose parts in the steam generators - without
connection with vibration induced wear. The operational permit was then
extended to Christmas, 1982, when the reactor was shut down for renewed
eddy current testing. The eddy current testing also included previously
plugged tubes after removal of the plugs. Furthermore, one worn tube was
pulled, providing improved calibration data for the eddy current
measurements. As the eddy current tests indicated very small - if any -
wear, an operation permit for another 2000h, i.e. about 3 months, at 40%
power was granted in January 1983. The operation permit was later '
extended to June 1983 without requiring any inspection before that
time. The extension was based on increasing operational experience from
other reactors of the same type.
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7. REVIEW OF STEAM GENERATOR MODIFICATION

The inspectorate's review of the modified feed water inlet design
proposed by Westinghouse consisted of two parts. The first part was a
review of the structural integrity of the presented manifold design.
This review is outside the scope of this presentation. The other part
was a review of the functional efficiency of the manifold with respect
to reduced vibration-induced tube wear.

The SSPB and Westinghouse evaluation of the functional efficiency of the
manifold design was largely based on experimental data from the
Aelvkarleby laboratory, comparing flow and vibration patterns at various
main feedwater flows with corresponding data without manifold. Based on
the results of such comparisons, SSPB proposed operation after the
modification at 100% power with a maximum of 82% of main feedwater flow
through the pre-heater section of the steam generators; the remainder of
the feedwater being fed through the top nozzle normally used only during
start-up.

On February 11, 1983, the inspectorate granted a construction permit for
the modification of Ringhals 4 - the first plant modified in Sweden. The
modification was completed by the end of March. Ringhals 3 was modified
in the same way during the summer of 1983.

8. OPERATIONAL PERMITS FOR RINGHALS 3 AND 4 AFTER MODIFICATION

Before modification, the inspectorate had only permitted Ringhals 4 to
run low power testing, not using the preheater inlet, before
modification. During the period April - August, 1983, Ringhals 4 went
through a normal start-up programme with stepwise power increases. The
reactor was shut down in August for inspection including a base line
eddy current test. In September the inspectorate granted an operation
permit for 3000h at 100% power with a maximum feedwater flow of 82%
through the preheater section. At the end of 1983 Ringhals 4 was shut
down for eddy current testing. No tube wear could be detected. The
inspectorate then granted an extension of the operation permit to the
normal refueling and maintenance shut-down planned for August, 1984.
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After completion of the modification of Ringhals 3 in September 1983,
the inspectorate granted an operational permit for 3000h at 100% with a
maximum feedwater flow of 82% through the pre-heater section. On the
basis of the eddy current test results received-during this period from
Ringhals 4, McGuire and, especially, Almaraz (the oh]y other operating
plant with extensive tube wear), the inspectorate granted a continued
operation permit4 without requiring shut-down for testing until the
normal maintenance and refueling outage, starting May, 1984. Eddy
current tests performed during the outage showed that some tube wear
could not be excluded, but that any additional wear from one full

fuel cycle of operation could be expected to fall within the margins
already provided in the plugging criteria. No additional plugging was
required and the operational permit was extended to the next refueling
and maintenance shut-down in 1985,

9.  CONCLUDING REMARKS

Throughout the operational history of Ringhals 3 and Ringhals 4, the
inspectorate has thus adjusted operation periods and inspection
intervals as growing operational experience demonstrated that early
predictions of wear rates were on the conservative side. It should be
pointed out in this context that it is the maximum wear rates of the
most exposed tubes that are of interest from a safety point of view.
Analysis of the vibration-induced wear phenomena shows that maximum wear
rates are to a considerable extent determined by factors of a
probabilistic nature, such as variations in local flow patterns and the
individual tube support situation within the manufacturing tolerances.
Hence, the statistical spread in wear rates is more interesting than
simple estimates of mean values. The inspectorate's requirement to use
“tell-tale" plugs for all worn tubes is an example of the conclusions
drawn by this analysis.
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When faced with a new problem with obvious safety aspects, such as the
vibration-induced wear, it is technically sensible from a safety point
of view to resume operation only under stringent conditions with respect
to power limits, inspection intervals, etc, kéeping margins on the safe
side with respect to uncertainties in the detailed understanding of the
problem and in the efficiency of applied remedial measures. As
operational experience resolves such uncertainties, the operational
limitations should then be rapidly restored to normal.

Rapid international sharing of operational experience between regulatory
authorities as well as between utilities is a key factor in this
process. In this respect, the granting of the continued operation of
Ringhals 3 for a period of 8 months after modification through step by
step inspectorate descisions provides a good example. Considering that
Ringhals 3 has the most worn tubes of all the reactors affected, this
long operation period without eddy current testing could hardly have
been granted if rapidly disseminated operational experience from other
reactors had not been available, showing that actual wear rates (if any)
and their statistical spread were well within the safety margins
provided in the plugging criteria. Thus the experience with the
vibration-induced wear problem has shown the great value to both
authorities and utilities of a well established international
information exchange network - both of a formal and informal nature.
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SESSION 7.6:UNITED STATES NUCLEAR REGULATORY COMMISSION
INTERGRATED PROGRAM FOR THE RESOLUTION OF
UNRESOLVED SAFETY ISSUES A-3, A-4, AND A-5
REGARDING STEAM GENERATOR TUBE INTEGRITY

Frank J. Miraglia
Gary M., Holahan
Emmett Murphy
United States Nuclear Regulatory Commission

1 INTRODUCTION AND SUMMARY
This paper presents a summary of the NRC staff activities relative to
resolving Unresolved Safety Issues A-3, A-4, and A-5. The staff's
recommended resolution of these issues is currently under review by
the Commission and is therefore not complete at this time.

1.1 Background

Degradation of steam generators (SGs) manufactured by each of the U.S. three
pressurized water reactor (PWR) vendors has resulted from a combination of
problems related to steam generator mechanical design, materials selection,
fabrication techniques, and secondary system design and operation. To date,
many different forms of steam generator tube degradation have been jdentified
including: stress corrosion cracking, wastage, intergranular attack, denting,
erosion-corrosion, fatigue cracking, pitting, fretting, support plate degra-
dation, and mechanical damage resulting from impingement of foreign objects

of loose parts on steam generator internal components. One or more of these
_forms of degradation have affected at least 40 operating PWRs and have resulted
in extensive SG inspections, tube plugging, repair, or replacement.
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The majority of the SG tube failures that have occurred under normal operat1ng
conditions were small stable leaks; some required plant shutdown, inspection,
and corrective actions; but others were small enough (e.g., below the leak rate
Timit of the technical specifications) so that plant operation continued until a
scheduled shutdown. However, four significant SG tube ruptures have occurred

in U.S. PWRs since 1975. These events occurred on February 26, 1975, at Point
Beach Unit 1; September 15, 1976, at Surry Unit 2; October 2, 1979, at Prairie
Island Unit 1; and on January 25, 1982, at R, E. Ginna.

The first three of these events were evaluated, including evaluations of systems
response, operator actions, and rad1olog1ca1 consequences. The event at the
Ginna plant-and subsequent plant restart were also evaluated 2 3. These
evaluations. include descriptions of the event, U.S. Nuclear Regulatory
Commission (NRC) findings; an evaluation of system response, operator response,
steam generator inspection and repair programs, emergency preparedness, and
radiological consequences.

An overall summary of operating experience of steam generator tubes was prepared
by the U.S. Nuclear Regulatory Commission by identifying the types of problems
which have occurred in steam generators, that report particular emphasis on
recent operating experience 4. In addition, that report briefly addressed the
status of the NRC Unresolved Safety Issue Task Action Plant (TAPs) A-3, A-4,

and A-5 regarding steam generator tube integrity; the short- and long-term
corrective actions being pursued by the industry; and the inspection and repair
requirements being recommended to ensure continued safe plant operation and
minimization of the associated radiation exposures. An update of that report
was the subject of discussion at the first Session of this meeting.

Concerns relative to steam generator tube degradation stem from the fact that
the steam generator tubes are a part of the reactor coolant system (RCS)
boundary and that tube failures result in a loss of primary coolant. In
addition, the steam generator tubes constitute a particularly 1mportant part
of the RCS boundary since their failure allows primary coolant into the steam
generators where its isolation from the environment is not fully ensured. The
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release of primary coolant into the environment has fwo major safety
jmplications. The first is the direct release of radioactive fission products;
and the second is the loss of cooling water which is needed to prevent core
damage. An extended loss of coolant outside of confainmentvwou1d result in the
depletion of the initial RCS inventory and émergency core cooling system (ECCS)
water without the capability to recirculate the water as would be the case for
any LOCA inside containment.

The U.S. NRC regulations provide a framework with which to assess the importance
of steam generator tube integrity. Specifically, the General Design Criteria
(GDC) state that the reactor coolant system boundary shall "have an extremely

Tow probability of abnormal leakage" (GDC 14), shall "be designed with sufficient
margin" (GDC 15 and 31), shall be of "the highest quality standards practical"
(GDC 30), and shall be designed to permit "periodic inspection and testing ...

to assess ... structural and leak tight integrity" (GDC32). 10 CFR Part 50,
Appendix B, is also pertinent to the maintenance of steam generator tube
integrity. |

1.2 Development of’Integrated Program

Steam generator tube integrity was designated an unresolved safety issue (USI)
in 1978 and Task Action Plans (TAP) A-3, A-4, and A-5 were established to
evaluate the safety significance of degradatioh in Westinghouse, Combustion
Engineering and Babcock & Wilcox steam generators, respectively. These studies
were later combined 1ntoa0ne effort because many problems being experienced by
PWR vendors were similar. ‘The staff prepared a draft report regarding this
issue in early 1982. This draft report primarily considered corrosion-related
failure mechanisms, including the "denting" mechanism, since those failures were
the main concern during the period when most of the technical studies were
performed.

In May 1982, subsequent to the Ginna steam generator tube rupture (SGTR) event,
the staff initiated an integrated program to consider the lessons learned from
the Ginna SGTR event 2,3 from the three previous domestic SGTR events 1, and to
consider the recommendations identified in the draft USI report prepared in early
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1982. the objective of the integrated program was to complete resolution of
USIs A-3, A-4, and A-5, including identification of staff positions that should
be addressed by operating license (OL) applicants and licensees and identifica-
tion of further efforts that should be undertaken by the NRC. This paper
described the results of this integrated program.

To develop an integrated set of requirements that addresses the safety concerns
discussed above, the appropriate NRC offices and divisions were asked, sub-
sequent to the steam generator tube rupture at the Ginna plant, to review the
steam generator issue and identify recommendations for any generic actions they
believed appropriate. After assessing the 1ist of proposed recommendations,
'iésues were grouped into one of the five major subject areas: (1) steam
generator integrity, (2) plant system response, (3) human factors consideration,
(4) radiological consequences, and (5) organizational response.

The issues within the above five major areas were then categorized with respect
to whether they were appropriate for consideration by the staff as potential
positions to be addressed by all pressurized water reactors licensed applicants.
Issues outside this first category fell into a second general category, which
consisted of issues warranting further staff study, issues already receiving
attention as part of an existing regulatory program, or issues for which
corrective actions had already been taken. Issues within this second category
are discussed later in this paper.

The issues within the first category, were grouped into the technical areas
Tisted below and were subjected to a value-impact evaluation by the staff.

1. Prevention and Detection of Loose Parts or Foreign Objects
(a) Secondary Side Visual Inspection and Improved QA/QC Procedures
(b) Loose Parts Monitoring System
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2. Inservice Inspection of Steam Generator Tubes
(a) Supplemental Tube Inspections
(b) Full-Length Tube Inspections
| (c) Denting Inspections )
| (d) Steam Generator Inservice Inspection Interval

(e) Inspections Following Shutdown for Repair of Leakage

3. Improved Eddy Current Techniques

4, Upper Inspection Ports

5. Secondary Water Chemistry Program

6. Condenser Inservice Inspection Program

7. Stabilization and Monitoring of Degraded Tubes

8. Primary to Secondary Leakage Limits v
9. Coolant lodine Activity Limit

I 10. Reactor Coolant System Pressure Control

‘ 11. Safety Injectiov Signal Reset

12. Containment Isolation and Reset

1.3 Scope of Value-Impact Evaluation

The value-impact analysis of the issues in the first category addressed the
potential for reductions in (1) the probability of core melt, (2) the proba-
bility of significant radiological releases comparable to NUREG-75-014* PWR

*Formerly WASH-1400
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release categories 8 and 9 during SGTR events not leading to core melt, (3)
public risk , and (4) occupational radiation exposure (ORE). The potential
requirements were also evaluated for their conformance with good operational

and engineering practices, enforcability with respéct to NRC regulations
relating to steam generator tube integrity and SGTR mitigation capability.
Economic costs were also a consideration of this analysis. Net economic costs
were considered in relation to the benefits to public health and safety. Net
economic benefits (deriving from the cost-effectiveness of some of the potential
requirements) were considered neither as a barrier nor a basis for the dis-
position of the potential requirements under consideration.

The NRC's evaluation considered input from a report by the staff's contractor,
Science Application, Inc. (SAI), "Value-Impact Analysis of Recommendations
Concerning Steam Generator Tube Degradation and Rupture Events."® The SAI
report provided much of the basis for the staff's evaluation of the effective-
ness of the potential requirements in reducing the incidence of steam generator
tube degradation, tube ruptures, and occupational radiological exposures (ORE)
and for the staff's evaluation of the potential cost benefits and cost impacts.

1.4 Risk from SGTR-Related Causes

The NRC's analysis of risk from SGTR-related causes indicates that the core
melt probability from these events is small, no more than 5 x 10'6/reactor year
(RY) as an industry average. This probability is a relatively small fraction
(10% or Tess) of the overall probability of core melt events from all causes
based on probabilistic risk assessments that have been performed for a number
of PWRS. The corresponding risk to the public is estimated to be limited to -
2.5 x 10°3 Tatent fatalities and 1.1 x 100 early fatalities per reactor year
from steam generator tube rupture accidents associated with core melt.

The relatively low estimates are attributed in part to the effectiveness of
existing steam generator related requirements in minimizing the frequency of
SGTR occurrences. This includes requirements which have been imposed by

the staff for specific plants which have experienced severe degradation of the
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steam generator tubes. However, the above estimates are also attributable to
conservative operating practices in excess of minimum requirements being
implemented by many utilities to varying degrees to minimize the occurrence

of excessively degraded tubes.

The staff also evaluated the potential for significant radiological releases
(comparable to NUREG-75/014* PWR release categories 8 and 9) during SGTR

events not leading to core melt. SGTRs create the potential for steam generator
overfill, as evidenced by the Ginna experience, which can lead to steam
generator safety valve challenges in which water relief occurs, and the safety
values may not properly close. This creates the potential for a prolonged
release of radioactive fluid from these valves.

The probability of significant non-core melt releases during SGTRs is
estimated to be about 2 x 10'4/RY.

1.5 Disposition of Potential Positions

+

The above generic risk estimates notwithstanding, degradation of steam generator
tubing has become widespread throughout the industry where the average age of

the steam genérator is still Tess than a quarter of their intended lifespan.
Necessary repairs have caused high radiological exposure to workers and now
contribute 20% of the average annual plant occupational dose for PWRs. Four

SGTR events have already occurred as a direct result of steam generator tube
degradation. SGTR events represent a significant challenge to the plant operators
since a variety of diagnoses and manual actions must be taken in a relatively
short time. In addition, SGTR events have a relatively high potential for
causing undesirab1é'radiologica1 releases to the public. It is also likely that
some plants have experienced limited periods during which they were vulnerable to
rupture in the event of a sudden, loading transient such as a main steam line
break.

*Formerly WASH-1400
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TABLE 1

DISPOSITION OF POTENTIAL POSITIONS

Item

Prévention and Detection of Loose Parts

(a) Visual Inspection of Secondary Side
and Quality Assurance Work Procedures

(b) Loose Parts Monitoring System

Steam Génerator Tube Inservice Inspection

(a) Supplemental Tube Inspections

(b) Full Length Inspections

(c) Denting Inspections

(d) Steam Generator ISI Interval

(e) Inspections following Shutdown for
Repair of Leakage

Improved Eddy Current Techniques

Upper Inspection Ports

Secondary Water Chemistry Program

Condenser Inservice Inspection

Stabilization and Monitoring of
Degraded Tubes

Primary to Secondary Leakage Limit
Céo]ant Iodine Activity Limit

Reactor Coolant System Pressure Control
Safety Injection Signal Reset

Containment Isolation and Reset

Industry Action*
Dropped

Staff Action
Industry Action*
Staff Action
Industry Action*
Dropped

Staff Action
Dropped

Industry Action*
Industry Action*

Dropped

Industry Action*
Industry Action*
Staff Action

Industry Action*

Dropped

* These items have been incorporated as staff positions.
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The NRC has concluded that improvements from past performance are needed to
further ensure continued compliance with its regulations relating to steam
generator tube integrity, SGTR mitigation, and to reduce occupational exposures,

As a result, the integrated program herein, the potential positions identified
previously were categorized as (1) items warranting industry action (2), items
warranting further study or development as staff actions, and (3) items which
should not be proposed as industry or staff actions. A summary of the staff's
dispositions of the potential positions is provided in Table 1.

The staff has concluded on the basis of the value-impact evaluation that the
indicated actions as a group will be effective in significantly reducing (1)
the incidence of tube degradation, (2) the frequency of tube ruptures and the
corresponding potential for significant non-core melt releases, and (3)
occupational exposures, and are consistent with good operating and engineering
practices. Adoption of these measures would further reduce public risk and
provide added assurance that risk is and will continue to be small. In
addition, these measures would be expected to reduce the need for plant-
specific licensing actions by the staff to ensure that plants with unusually
severe or active degradation can continue to be operated safely.

Of those actions listed above, items la, 5, 6, and 11 were found to be the
most effective actions for reducing tube degradation, ruptures, offsite releases,
core melt, and occupational radiological exposures.

1.6 Staff Actions

The integrated program has identified a number of staff actions and studies
related to steam generator tube integrity, plant systems response, human

factors considerations, radiological consequences, and organizational response

to events. These staff actions are summarized in Table 2. A number of these
actions have been completed, as noted in Table 2. Other staff actions identified
in Table 2 involve broad generic issues extending beyond strictly steam generator
related issues and are being addressed by other existing regulatory programs.
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TABLE 2
RELATED STAFF ACTIONS AND STUDIES (1)

Report
Section Action
1. Steam Generator Tube Integrity
- Guidance for Sleeve Repairs 4.2.1 Note 2
- Inspections for Denting 4,2.2 Note 2
- Improved Eddy Current Techniques. 4,2.3 Note 2
- Category C-2 ISI 4.2.4 Note 2
2. Plant Systems Responses
-. Steam Generator Overfill 4.3.1 06/85
-~ RCS Pressure Control 4,3.2 06/85
- Pressurized Thermal Shock 4,3.3 UST A-49, Note 3
= Improved Accident Monitoring 4.3.4 RG 1.97 Programs,
Generic Ltr 82-33
- Reactor Vessel Inventory 4.3.5 TMI TAP II.F.2,
Measurement : Generic Ltr 82-28
3. Human Factors
- Guidance on RCP Trip 4.4.1 TMI'TAP II.K.3.5,
Generic Ltr 82-33
- Control Room Design 4.4,2 TMI TAP 1.D.7,
, Generic Ltr 82-33
-. Improved Emergency Operating 4.4.3 TMI TAP I.C.T7,
~ Procedures Generic Ltr 82-33
4, Rgdio]ogica1 Consequences
- Reassess Potential Consequences 4.5.1 06/85
- of SGTR
- Reassess Design Basis SGTR 4.5.2 Note 4
5. Improved Organization Response to Events
- Seven Actions are Being Taken by 4.6 6 of 7 Complete
Staff Note 5

(1) These tasks are discussed in detail in Section 4 of Draft NUREG-0844.

(2) Not high priority. Will be scheduled pending availability of staff

resources.

(3) A proposed rule relating to this issue is currently under review by

the Commission. , S ‘ :

(4) Not scheduled pending completion of tasks described in Sections 4.3.1
and 4.5.1,

(5) 6 of 7 Completed. Remaining task by 06/84.
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The remaining staff actions identified in Table 2 involve other issues related
to steam generators which the staff finds warrant further study or action by

the staff. Completion of these tasks may lead to additional staff proposals

if warranted on the basis of additional reductions in risk or to ensure
compliance with the NRC regulations. However, those tasks do not appear to
involve issues relating to either (1) major reductions in the degree of
protection to public health and safety, or (2) significant risk to public health
and safety. Thus, resolution of USIs A-3, A-4, and A-5 are not contingent on
completion of these actions.

1.7 Conclusions Stemming From the Integrated Program

1. The integrated program has found public risk from SGTR related
causes to be small.

2. The integrated program has re-affirmed the need for the fundamental
regulatory requirements pertaining to RCS boundary integrity in
assuring public health and safety, including the need for inservice
inspections and preventing maintenance on steam generator tubes and
for SGTR mitigation.

3. The NRC has developed additional potential actions identified in Table
1 as warranting industry action were found to be effective reducing
(1) the incidence of tube degradation, (2) the frequency of tube
ruptures and the corresponding potential for significant non-core
melt releases, and (3) occupational exposures, and are consistent with
good operating and engineering practices.

4. The NRC has identified a number of broad generic issues extending
beyond strictly steam generator related issues which are being
addressed as part of other regulatory programs. Resolution of these
issues is considered to be outside the scope of USI A-3, A-4 and A-5
‘resolution. In addition, the NRC has identified other steam generator
related issues warranting further study or action by the staff.
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Although these tasks may lead to additional proposals by the NRC if
found to be warranted, resolution of USIs A-3, A-4, and A-5 is not
contingent upon completion of these tasks. Table 2 provides a summary
of the followup staff actions and studies.
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