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4.5.1 Control Rod Drive Structural Materi-ls

General Design Criterion Lo, Appendix A, 10 CFR Part 50, requires,
in part, that one of the reactivity control systems shall use control
rods and shall be capable of reliably controlling reactivity changes to
assure that fuel design limits are not exceeded under conditions of
normal operation, including anticipated operational occurrences.
Materials considerations in the design of the control rod drive mechanism
are reviewed to assure compliance with General Design Criteria 26.

The mechanical properties of structural materials selected for the
control rod system components exposed to the reactor coolant satisfy
Appendix I of Section III of the ASME Code, or Part A of Section II of
the Code.

The controls imposed upon the austenitic stainless steel of the
system satisfy the intent of the reccrmendations of our position on
Regulatory Guide 1.31, "Control »f Stainless Steel Welding,"” and
Regulatory Guide 1,44, “Control ¢f the Use of Sensitized Stainless
Steel,” except for the following:

1. FSAR Section 4.5.1.1 contains austenitic stainless steel items
with carbon contents in excess of 0,03 wt %, The applicant must
fdentify those materials containing greater than 0.03 wt % C which are
welded and submit justification, such as test results of base metal and
heat-affected zcnes, to assure that susceptibility to intergranular

corrosion is not significant as described in Regulatory Guide 1.44;
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2. Adéltional informat {on must be submitted relative to in-service
inspection procecires of nitrided hard-surfaced components to assure
fabrication and heat-treatment practices performed in accordance with
these recommendations provide added assurance that stress corrosion
cracking will not occur during the design life of the component; and

3. FSAR Section 4.5.1.1 identifies ASTM Specifications A269 and
A249, and ASME Specification SA 312 for the austenitic stainless steel
tubular items. It is not clear that the items indicated below represent

welded tubular items:

a. Cylinder of the cylinder, tube and flange assembly;
b. Outer tube of the cylinder, tube and flange assembly;
¢. Piston tube of the piston tube assembly;

d. Index tuhe of the drive assembly;

e. Collet piston of the collet assembly; and

f. Guide cap of the collet assembly.

The applicant must identify whether or not the above items are
welded tubular parts. If any are welded tubular parts, the applicant
must provide infccmation that they were nondestructively examined in
accordance with the nondestructive test requirements for welded tubular
products as required by NC 2500 of the ASME Code, Section III. If
they represent wrought seamless tubular products, the applicant must

provide information to assure that the material was examined

ro
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nondest ructively similar to the requirements of NB 2500 of the
ASME Code, Section III to identify adverse internal defects,

The compatibility of all materials u<ec in the control rod system
{n contact with the reactor coolant satisfies the criteria of Articles
NB=2160 and NB-3120 of Section III of the ASME Code. Both martensitic
and precipitation-hardening stainless steels have been given tempering
or agirg treatments in accordance with staff positions.

Conformance with the codes, standards, and Regulatory Guides
indicated above, and conformance with the staff positions on the
allowable maximum yield strength of cold-worked austenitic stainless
steel, and the tempering or aging temperatures of martemsitic and
precipitation-hardened stainless steels constitute an acceptable basis

for meeting in part the requirements of General Design Criterion 26,
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4.5.2 Reactor Internals Materials

General Design Criteria 1 and 14, Appendix A, 10 CFR Part 50,
require that structures, svstems, and components important to safety
shall be designed, fabricated, and tested ro quality standards
commensurate with the isportance of the safety functions to be
performed.

Materials considerations in the desizn of major components of the

eactor internals, which consist of the core support structures and the
internal structures, are reviewed to assure compliance with the General
Design Criteria.

The materials for construction of coaponents of the core support
structure have been identified by specificatrion and found to be in
conformance with the requirements c¢f Section I1II of the ASME Code.

The materials for construction of ccmponents of the reactor
internals other than the core support structure have been identified by
specification to be adequate for the service intended with the following
exceptions:

l. FSAR Section 4,5.2.1 identifies ASTM specification ASTM A370,
Grades E38 and E55 for the pin and insert of the inlet-mixer in the jet
pump assemblies., Specitfication A370 relates to testing of materials,
not to material specifications. Clarification is required from the

applicant;



SSES SER Drafre juzust 1980 (Rev. 1)

2. The applicant twst identify by specificat sa anc provide
further ‘.stiffcation for the use of nitrided tvpe Il stainless steel
in jet pump beam bolte; and

3, FSAR Section 4.5.2.3 states, "For core suzport structures,
wrought seamless tubular products were supplied in accoriance with
applicable ASME material specifications. These specifications require
examination of the tubular product by radiographic anc/or ultrasonic
methods according to paragraph NG-2550 of the ASMEI loce Zection IIL."
The AS)M: material specifications do not automatica_ly call out
examination to the requirements of NG-2550. 'The zo-plicaast must provide
specifiz information as to exactly how the nondestructive testing
requirezents of NG-2550 were specified in the procurezent documents.

Regulatory Guide 1.71, "Welder Qualitication for Areas of Limited
Accessisility,” requires that both radiography anc sectioning be
perforzed for mockup welding. FSAR Section 4.5.2.+ iIndicates that
radiography or sectioning was us»d and the applicaat must clarify its
positica or provide further justificarion for the assurance of the
acceptadility of welds fabr’cated in restricted areas.

Wirh resolution of the uncertainties descrited above, the following
conclusions can be drawn:

l. The materials for reactor internals expcsed to the reactor
conlant have been identified and all materials arz com;attblé with the

expected environment, as proven by extensive testing and satisfactory
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performance. General corrosion on a.. materials is expected to be
negligible,

2. Te controls imposed on reac:or czoolant chemistry provide
reasonable assurance that the reactor internals will be adequately
protected during operation from cocndi:ions which could lead to stress
corrosion of the materials and loss cf component structural integrity,.

3. The controls imposed upon cc-ponents constructed of austenitic
stainless steels, as used in the reac.or internals, satisfy the
recommendations of our position on Re:zulatory Guide 1.31, "Control of
Stainless Steel Welding," Regulatory _uide l.44, "Control of the Use of
Sensitized Stainless Steel,” and Regu.aitory Guide 1.71, "Welder
Qualification for Areas of Limited Accessibility,”

Material selection, fabrication -ractices, examination procedures,
and protection procedures performed ‘- accordance with these
recommendations provide reasonable assurance that the austenitic
stainless steel used for reactor internals will be in a metallurgical
condition which precludes susceptibility to stress-corrosion cracking
during service. The use of materials proven to be satisfactory by
actual service erperience ind confor-ancze with the recommendations of
these regulatory guides constitutes :1 acceptable basis for meeting the

applicable requiremenis of General Design Criteria i and 14,

(% 8



R < e R L S

SSES SER Draft August 1980 (Rev. .)

5.2.3 Reactor Coolant Pressure Boundary Materials

General Design Criteria 1, 13 and 14, Appendix A, 10 CFR Part Z.,
require, in part, that the reactor coolant pressure boundary be
designed, fabricated, erected, aud tested to quality standards
commensurate with the safety furction to be performed and that
instrumentation be provided to monitor the variables that can affect the
integrity of the reactor coolant pressure boundary. Gencral Desizn
Criterion 31 requires, in partc, that ;he reactor coolant pressure
boundary be designed with sufficient margin to ensure that, when
stressed under operating, maintenance, testing, and postulated accicant
conditions, the boundary behaves in a nonbrittle manner and the
probability of rapidly propagating failure is minimized, Materials
considerations in the design of the reactor coolant pressur ooundary,
other than the reactor pressure vessel reviewed in Section 5.3.1, arz
reviewed to assure compliance with the General Design Criteria., The
fracture toughness properties of ferritic materials used for
pressurc-retaining components of the reactor coolant pressure boundary
are reviewed in Section 5.3.1, Reactor Vessel Materials, for conforzance
with General Design Criterion 3l.

The materials of construction of the reactor coolant pressure
boundary (RCPB) have been identified by specification and found to e in

conformance with the requirements of Section IL1I of the [971 ASME Code,

Summer 1971 Addendum with the following exceptions for Table 5.2.4:
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l. Submerged-arc welding materials for major reactor vessel welds
are not specified in the table, while this process is
referenced in other parts of the FSAR;

2. SA 420 Grade WPL1 is not an allowable grzie per Section II,
Summer 1971 Addenda, or any Addenda siace then;

The following specified grades are not identifiable and are believed to
be typographical errors:

3. SFA 5.1 Grade E-705;

4. SA 240 Grade F316; and

5. SA 182, Grade F21l6.

The following are general comments about materials of construction for
the RCPB:

6. SFA 5.5 E7010Al electrodes for shielded metal-arc welding are
not low hydrogen and should not be used Zsr critical
applications; and

7. SA 540, Grade B24 is identified in FSAR Zfection 5.3.1.5.1.2 for
reactor vessel closure bolting. That specitication is not
given in Table 5.2.4.

The applicant must make necessary changes to the 73AR or provide justi-
fications as required before we can complete our review of materials
selection.

The materials of construction of the RCPB ex;osed to the react¢ -
coolant have been identified and all ot the mater:als are compatible
with the expected environment, as proven by externsive testing and
satisfactory performance. Ceneral corrusion of z.l =aterials, except

8
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unclad carbon and low alloy steel, is negligible. For these materials,
conservative corrosion allowances have been provided for all exposed
surfaces in accordance with the requirements of the ASME Code, Section
III.

The materials of construction for the RCPB are compatible with the
thermal insulation used in these areas and are in conformance with the
recommendations of Regulatory Guide !.36, "Nonmetallic Thermal
Insulation for Austenitic Stainless Steels.”

The controls imposed on austenitic stainless steels are not in
conformance with all of the requirements of Regulatory Guide l.44,
“"Control of Sensitized Stainless Steel.” These controls are discussed
in FSAR Sections 5.2.3.4.1 and 3.13 (Regulatory Guide l.44), and in PP&L
Letter PLA-29] dated September 25, 1978 ro Olan D. Parr, "A Reaction to
Cracking of Austenitic Stainless Steel Pipiag in Boiling Water Reactors
(including Susquehanna SES Design Modifications).” All austenitic
stainless steels were purchased in the solution heat treated condition,
with yield strengths less iLhan 90 ksi, and low carbon grades were used
when possible., Welding heat inputs (preheat, interpass and energy
iaput) were limited to minimize stresses and sensitization. For
critical areas special fabrication techniques were used, including weld
overlaying areas adjacent to a weld seam with corrorion resistant
materials and solution heat treating before making the final pressure

boundary weld. However, there is no indication thet nonsensitization of
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any of these welded materials has been verified using an apporoved
procedure, as outlined in Regulatory Guide 1.44.

The controls imposed on reactor coolant chemistry are not in
complete conformance with the recommendations of Regulatory Guide 1.56,
"Maintenance of Water Purity in BWR's." Appropriate limits for
conductance, chloride content and pH of reactor water have been
established. An appropriate condensate treatment system and reactor
water cleanup system has been added to control oxygen levels during
other than normal operation periods (PP&L letter, PLA-291, dated
September 25, 1978, to Olan D. Parr). The instrumentation and sampling
provisions for monitoring reactor coolant water chemistry provide
adequate measurement capability for detecting significant changes on a
timely basis. However, it is stated in FSAR Section 5.2.3.2.2(2)3 that
50% of the theoretical ion exchange capacity will be maintained in the
demineralizers, while Regulatory Guide 1.56 requires that 60% of the
initial capacity should be maintained. Also, the GE Report, NEDO-10899,
which is referenced in the FSAR and which establishes General Electric's
position on water purity, has not been officially submitted to, or
accepted by, the NRC,

The issues discussed in the above two paragraphs must be
satisfactorily addressed by the applicant before we can complete our
review in this area. Conformance with rhe recommendations of Regulatory
Guides 1.44 and 1.56 will provide reasonable assurance that the reactor

coolant pressure boundary components will be adequately protected during

10
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operation from conditions that could initially lead to stress-corrosion
cracking of the materials and loss of structural integrity of a
component.,

The requiresments of Regulatory Guide 1.34 are not applicable here,
since no electroslag welding was used for the RCPB materials.

The controls imposed on welding preheat are in conformance with the
reconmendations of Regulatory Guide 1.50, "Control of Preheat
Temperature for Welding Low Alloy Steels,” with two exceptions:

l. Te guide calls for maintaining preheat until postweld
heat-treatnment, while the FSAR Section 5.2.3.3.2.1 indicates preheat was
sometimes "held for an extended period of time at preheat remperature to
assure removal of hydré,kn." This statement does not provide
justification for the extended preheat, nor does it provide reasonable
assurance that cracking will not occur during fabrication; and

2. Tere is no assurance in the FSAR that welding procedures were
qualified at the minimum preheat teamperature.

The applicant must provide additional information concerning time
at preheat and qualification of welding procedures at minimum preheat
temperatures. Satisfactory resolution of the above issues will provide
reasonable assurance that cracking of components made from low alloy
steels will not occur during fabrication and minimize the possibility of
subsequent cracking due to residual strasses being retained in the

weldment.

11
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The controls imposed upon components constructed of austenitic
stainless steel used in the RCPB conform to the recoamendation of
Regulatory Guide 1.31, "Control of Ferrite Content in Stainless Steel
Weld Metal." Appropriate limits have been established for ferrite
content to provide reasonable assurance that not-cracking will not occur
during welding and that degradation of properties will not occur as a
result of subsequent high temperature exposures.

Regulatory Guide 1.71, "Welder Qualification for Areas of Limited
Accessibility,” requires that both radiography and sectioning be
performed for mock-up welding. FSAR Section 5.2.3.3.2.3 indicates that
radiography or sectioning was used. The applicant rust clarify its
position or provide further justification for the assurance of the

acceptability of welds fabricated in restricted areas.

12
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5.2.4 Reactor Coolant Pressure Boundary Inservice Inspection and

Testing
General Design Criterion 32, Appendix A, 10 CFR Part 50, requires,

in part, that components which are part of the reactor coolant pressure
boundary be designed to permit periodic inspection and testing of impor-
tant areas and features to assess their structural and leak tight
integrity.

Design considerations relating to the Inservice Inspection (ISI)
Program for ASME Code Class 1 components are reviewesd to assure
compliance with Ceneral Design Criterion 32.

To ensure that no deleterious defects develop during service,
selected welds and weld heat-affected zones will be inspected
periodically at the Susquehanna SES. The design of the ASME Code Class
1 and 2 components of the reactor coolant pressure boundary in the
Susquehanna SES incorporates provisions for access for inservice
inspection in accordance with Section XI of the ASME code. Methods have
been developed to facilitate the remote inspection of those areas of the
reactor vessel not readily accessible to inspection personnel.

Sectfon 50.55a(g) of 10 CFR Part 50 detines the detailed
requirements for the preservice and inservice inspectior programs for
light water cooled nuclear power facility components. Based upon a
construct fon permit date of November 1973, this section of the Code of
Federal Regulations requires that a preservice inspection program be

developed and implemented using at least the Edition and Addenda of

13
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Section XI of the ASME Code in effect six months prior to the date of
issuance of the construction permit. Also, the initial inservice
inspection program must comply with the requirements of the latest
Edition and Addenda of Section XI of the ASME code in effect twelve
months prior to the data of issuance of the operating license, subject
to the limitations and modifications listed in section 50.55a(b) of 10
CFR Part 50.

The applicant is currently developing the preservice inspection
program for Susquehanna Steam Electric Station - Unit 1., Deviations are
required to be evaluated and acceptable acco-ding to the requirements of
Section XI of the ASME code and in accordance with Section 50.55a of 10
CFR Part 50 before issuance of an operating license. %valuation of the
deviations from the ASME Section XI requirements will be presented in a
supplement to the Safety Evaluation Report. The inservice inspection
program will be evaluated after the applicable ASME Code Edition and
Addenda have been determined and before the initial inservice
inspections are performed.

The conduct of periodic inspections and hydrostatic testing of
pressure retaining components of the reactor coolant pressure boundary
in accordance with the requirements of Section XI of the ASME Boiler and
Pressure Vessel Code and 10 CFR Part 50 will provide reasonable
assurance that evidence of structural degradation or loss of leak tight
integrity occurring during service will be detected in time to permit

corrective action before the safety functions of a component are

14
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compromised. Compliance with the inservice inspections required by the
Code and 10 CFR Part 50 constitutes an acceptable basis for satisfving

the inspection requirements of General Design Criterion 32.
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3+.3.1 Reactor Vessel Materials

General Design Criterion 31, "Fracture Prevention of Reactor
Coolant Pressure Boundary," Appendix A, 10 CFR Part 50, requires, in
part, that the re ctor coolant pressure boundary be designed with
sufficient margin to ensure that, when stressed under operating,
maintenance, testing, and postulated accident conditions, the boundary
behaves in a nonbrittle manner and the probability of rapidly
propagating fracture is minimized. General Design Criterion 32,
"Inspection of Reactor Coolant Pressure Boundary," Appendix A, l0 CFR
Part 50, requires, in part, that the reactor coolant pressure boundary
be designed to permit an appropriate material surveillance program for
the reactor pressure boundary.

We have reviewed the materials selection, toughness requirements,
and extent of materials testing conducted by the applicant to provide
assurance that the ferritic materials used for pressure retaining
components of the reactor coolant pressure boundary possess adequate
toughness under operating, maintenance, testing, and anticipated
transient conditions. The ferritic materials for the reactor vessels
were specified to meer the toughness requirements of the 1968 Edition
including Addenda through Summer 1970 of the ASME Boiler and Pressuce
Vessel Code, Section IILI.

In the area of materia.s selection, we have reviewed Table 5.2-4 of
the Susquehanna FSAR in which the reactor coolant pressure boundary

materials are listed. Most of the materials identified for construction

16
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of the reactor vessel and its appurtenances are in conformance with
Section III of the ASME Code, but rthere are a few exceptions (most
notable is the lack of a submerged arc welding specificaticn for the
ma jor vessel welds), and wc have requested the additional information
from the applicant necessary to complete review in this area.

The guidelines specified for the fracture toughness requirements
for the ferritic materials of the reactor coolant pressure s>oundary are
defined in Appendix G, "Fracture Toughness Requirements,” of 10 CFF Part
50. The construction permit for both Units 1 and 2 of the 3Susquehanna
Power Station was issued on November 2, 1973. Pursuant to paragraph
50.55a(c)(2) of 10 CFR Part 50, the appiicahble ASME Boiler and Pressure
Vessel Code for the reactor vessels for by Susquehanna Power Station
Unit 1 and Unir 2 is the 1971 Edition, inc +?ing the Summer 1971
Addendum. Based on information supplied by the applicant concerning
anticipated deviations from the codes and standards rules cf the above
ment.ioned paragraph and on certain additional commitments ,:lativs to
the reactor pressure vessels, the AEC granted on June 20, 1974 in
accordance with paragraph 50.55a(a)(2)(ii), approval for re’ ief from the
rule for the pressure vessels and certain other components and
acceptance of the ASME Section IIL Code for 1968 includiri; Addenda
through Summer 1970 for the reactor pressure vessels, I . addition, the
requirements of sections NB-2152 and NB=2400 of rhe 1971 ASME Code

Section III including the Summer 1971 Addendum must be nmet for work at

17
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the Susquehanna Power Station site as well as performing an ASME site
audit as required by the 1971 Edition of the ASME Code Saction III.

Since the applicable ASME Code Edition and Addendum described
above, as defined ir 10 CFR 50.55a, preceeded the publication of
Appendices G and H, 10 CFR Part 50, some of the fracture toughness tests
for the ferriti~ materials in the primary coolant pressure boundary were
not conducted to demonstrate explicit compliance with the current
requirements of Appendices G and H. Alternate methods for compliance
have been proposed by the Pennsylvania Power and Light Company (PP&L).

We have reviewed the information submitted to date in the
applicant's FSAR in conjunction with their proposed alternate mecthods
and have evaluated their degree of compliance with the fracture
toughness requirements set forth in Appendix G, 10 CrFR Part 50. The
results of our evaluation indicate that the applicant can meet the
requirements of the appendix if sufficient additional justification of
their methods and materials properties data are submitted to support the
levels of fracture toughness described in the Susquehanna FSAR., We a.so
found that, wnile not explicitly meeting the current requirements
regarding testing equipment, personnel, calibration, and record keeping,
that the requirements which were met were adequate. All of these areas
are discussed below.

Section III of Appendix G requires that ferritic materials in the
reactor coolant pressure boundary be shown to comply with fracture

toughness requirements by testing Charpy V-notch specimens and, when

18
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required, by testing drop-weight specimens. The Code in effect ar the
time of the construction of the vessel, however, required only Charpy
V-notch or drop-weight testinz. Hence, the applicant has stated that
all of the above information is not available and to date has submitted
only limited test results on weld and base metal and none on
heat-affected zones (liAZ). Before review of this area can be completed,
we require that the results of those fracture toughness tests (Charpy
V=notch, drop-weiznt, and tensile) performed on base metal,
heat-affected-zore material, weld metal, and bolting material required
by Appendix G be submitted so that an evaluation of the degree of
compliance with this regulation can Le made. These resu'ts shall
include details of location, orientation, and actual parent material for
all specimens.

Compliance wich Section IV of Appendix G requires that for the
vessel, exclusive of bolting, a reference temperature, RTyprs be defined
and used as a basis for providing adequate margins of safety for reactor
operations. The value of RTypp, as defined by Appendix G with
references to t'e ASME Code, is the higher of either the nil-ductility
temperature (NDT) as determined by the drop-weight test, or a
temperature 60°F less than the temperature it which 50 ft-1b energy and
35 mils lateral expansion is achieved by Chainy impact tests. T.e
Charpy impact tests are to be conducted using specimens oriented in the

rtransverse direction.

19
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Material tests for Susquehanna Power Station Units 1 and 2 were
performed to meet the requirements of Section ILL of the ASME Code, 1968
Edition, including Addenda through Summer 1970. In accordance with
these code requirements, the NDT for the vessel materials was determined
by drop-weight test. However, there are not sufficient data to define
RTypr exactly because these earlier codes did not require enough Charpy
impact tests to define the temperature at which 50 fr-1bs energy would
be achieved. Instead, three impact tests were required to be conducted
at a single temperature equal to #U°F below the lowest service
temperature., The test temperzture chosen in this manner typically was
'0°F. Further, the tests were conducted using samples whose
orientations were longitudinal rather than transverse.

To define RTypr and demonstrate compliance with the requirements of
Appendix G to 10 CFR Part 50, PP&L has used the existing impact test
data in conjunction with various data correlations to define the
temperature at which 50 ft-lb is achieved for specimens of transverse
orientation. The temperature at which 50 ft-1b would be achieved was
first estimated from the available longitudinal data by using a
temperature-impact energy correlation of 2°F per ft-=1b to extrapolate
the energy level obtained at 10°F to the temperature corresponding to
the 50 ft-lb energy level. This temperature was then increased by 30°F
to account for the transverse specimen orientation now required by the
ASME Code. The 2°F per ft=-1b correlation was devised recently by the

applicant using data contained in WRC Bulletin 217, "Properties of Heavy

20
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Section Nuclear Reactor Steels” and additional data for similar
materials from other reactor facilities., The 30°F temperature increase
used to adjust from longitudina! to transverse specimen orientation is a
commonly used empirical correlati.n that previously has been obtained
from comparisons of longitudinal and transverse Charpy data using
similar reactor vessel steels.

We have reviewed Units 1 and 2 data, WRC 3ulletin 217 test data,
and similar test data reported for several heats of steel in Electric
Power Research Institute Report, EPRI-NP-121, Volume II, Part One, April
1976. Our review of these data indicate that the longitudinal Charpy
V-notch (CVN) 50 ft-lbs transition temperature, which is adjusted by
adding 2°F per ft-lb to the test temperature, is conservative only if it
is used to extrapolate from low energy levels to higher energy levels.
Extrapolation from high to lower energy levels may lead to
nonconservative estimates of the temperature at which 50 ft-1b !mpact
energy would be achieved. Conseguently, the 2°F per ft=1b correlation
cannot be used for all data to define RTypr as required by Appendix G.

Based on our evaluation of the test data, we conclude that PP&L has
not provided a conservative estirate of all the existing data to
determine the temperature at which 50 ft=1b energy is achieved.
Consequently, before we can complete our evaluation, PP&L, in addition
to supplying the necessary fracture toughness test results specified

above, must (1) identify those materials where the 2°F per ft-lb
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correlation was used to extrapolate from high to lower energy levels,
and (2) provide conservative estimates of the temperature at which
50 ft-1b will be achieved for the materials identified in (1).

Section IV.B of Appendix G to 10 CFR Part 50 requires a minimum of
75 ft-1bs upper shelf Charpy V-notch impact energy for the beltline
material. The applicant reported in the Susquehanna FSAR, Revision No.
13, that neither base metal nor the material ia the weld seams in the
reactor vessel beltline were tested over a temperature range that would
allow the upper shelf to be adequately defined.

In accordance with 10 CFR 50.55a, the tests for the beltline
material were conducted to Code editions that preceeded Appendix G to 10
CFR Part 50. These earlier Code editions did not require that the upper
shelf energy be established but that the tests be run at a single
tempeiature equal to 60°F below the lowest service temperature. The
applicant has recommended acceptance of the materiélvbased upon the
lowest longitudinal Charpy V-notch test energies and corresponding
percent shear obtained in that testing. N¢ justification for this
recommendation has yet been submitted and is required before review in
this area can be conmpleted.

To provide an acceptable basis for meeting the 75 ft=lbs upper
shelf energy requirement c¢' Section VI.B, the applicant can provide an
analysis showing that the proposed use of Charpy energy and percent
shear on the specimen fracture face to extrapolate existing test Jdata to

the 75 ft-lbs level is conservative. If the analysis is based on data

"
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from the literature, it must be shown that the data obtained for the
Susquehanna pressure vessels are consistent with other similar reactor
vessel steels and weldments, a.d the analysis should demonstrate the
capability to discriminate between materials with high and low upper
shelf energy. As one alternative, the applicant can attempt to locate
archive material for all reactor vessel steels and weldments in the
beltline of the vessel and perform additional Charpy tests to directly
measure the upper shelf energy.

Information describing the magnetic particle, dye penetrant, and
visual inspections required by the ASME Code, paragraph NB 2583, and
specified in paragraph C.2 of Regulatory Guide 1.65, "Materials and
Inspections for Reactor Vessel Closure Studs,” but not yvet included in
the Applicants FSAR, shall be submitted for evaluation.

On January 13, 1980, PP&L notified the NRC of the unauthorized
attachment of a pipe hanger by welding to the SSES Unit ] reactor
pressure vessel. Since this represents significant deviation from
approved practices for a safety related compoient, we require the
applicant to correct this deficiency. Technical details of the

unauthorized attachment as well as resolution of this deficiency,

including justification of the corrective action, shall be submitted for

our review.
Paragraphs II[.B.3 through IIL.B.5 of Appendix G, 10 CFR Part 50

specify requirements related to calibration of test instruments,
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qualification of test personnel, and records and certifications. The
purpose of these requirements is to er<ure that data of sufficient
quantity and quality are developed to fulfill the goals of Appendix G.
Given that the actual orderiag of the materials, fabrication of the
Susquehanna reactor vessels and development of the testing program for
the materials samples occurred well before Appendix G became effective,
there is only limited value in a step by step comparison of the
procedures of Appendix G cited above and the actual procedures emploved.
We have instead reviewed the procedures actually employed on their
merits. These procedures are contained in the 1968 edition of the Code,
paragraphs %331 and N-332, and by reference in ASTM E 208 and ASTM A
370. ‘Tese are long standing procedures that have been utilized
successfully over many years for nuclear and non-nuclear components.

3ased on our review we have concluded that the practices followed
by the applicant in relation to each of the matters cited above would
provide data of a quantity and quality sufficient to accurately
characterize the fracture toughness properties of the materials being
tested. The goals of Appendix G to 10 CFR Part 50 would, therefore, be
fulfilled with respect to these matters.

The toughness properties of the reactor vessel beltline materials
shall be monitored throughout the service life of the Susquehanna
Nuclear Station by a materials surveillance program that will satisty
the requirezents of ASTM Standard E185-73, “"Standard Recommended

Practice for Surveillance Tests fc: Nuclear Reactor Vessels,” and

~
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Appendix H, 10 CFR Part 50. We have evaluated the applicant's degree of
compliance with the requirements of Appendix H, 10 CFR Part 50. The
results of our evaluation indicate that the applicant aeets the
requirements of this appendix, except that the materials used in the
reactor vessel surveillance program have not been sufficiently
identified, and the orientation and number of specimens in the
surveillance program do not satisfy the specific requirements of
Appendix H. These points are addressed individually below.

The applicant has indicated in the Susquehanna FSAR that the
material from which surveillance specimens will be fabricated is not in
complete agreement with the requirements of Appendix H, 10 CFR Part 50.
Therefore, in order to demonstrate compliance with Appendix H, we
require that the applicant submit information that will identify the
origin and use of the materials in the surveillance program for both
baseline and irradiated fracture toughness measurements. If these
marerials are not those which will be limiting, an analysis including
effects of initial toughness levels and impurity levels is also required
to show that the results from the materials used can be employed to
conservatively predict the maximum expected temperature shift due to
irradiation.

The Charpy V-notch specimens to be used in the Susquehanna Power
Station surveillance program are of .

longitudinal orientation, whereas

transversely oriented specimens are required by Appendix H by reference
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to the ASTM Standard Recommended Practice for Surveillance Tests for
Nuclear Reactor Vessels, E 185-73. The longitudinal orientation was
that specified in the corresponding ASTM Standard, E 185-70, in use at
the time the vessel was under construction. The test data that will be
obtained from the specimens with longitudinal orientation will provide
sufficient data to predict the relative shift in RTypr due to neutron
irradiation for the specific materials tested since the experience
indicates that relative shift is not greatly sensitive to specimen
orientation. Hence, adequate information concerning radiation damage
can be obtained from specimens of a longitudinal orientation.

The number of Charpy V-notch impact specimens required by
Appendix H is 12 each for weld metal, HAZ material, and base metal for
each surveillance capsule and 15 for each material for out-of-reactor
baseline testing. Since the applicant has stated that it will include
fewer specimens in some of the capsules, we require them to cubmit for
review their testing and evaluation plans for the specimens in these
capsules. These plans shall demonstrate that a similar level of
assurance in measuring the shift of RTypr and drop in upper shelf can be
obrtained as that provided by the 12 specimen testing sets. The number
of specimens for their out-of-reactor Charpy-V-notch bdaseline testing
shall be included along with, if necessary, a justificar 'on for any

discrepancies from the requirements of Appendix H.
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Appendix G, "?rotection Against Non-Ductile Failure,”
of the ASME Boiler and Pressure Vessel Code, will be used,
the fracture toughness test results required by Appendices
CFR Part 50, to calculate the reactor coolant pressure bouncary
pressure-temperature limitations for the Susquehanna Nuclear Stat:ion.
The fracture toughness tests required by the ASME Code and b
Apperdix G of 10 CFR Part 50 provide reasonable assurance that acdezuate
safety margins against the possibility of non-ductile behavior or
rapidly propagating fracture can be established for all pressure

retaining components of the reactor coolant boundary. The use of

Appendix G, Secticn ILL of the ASME Code, as a guide in e *adlishinag

safe operating prccedures, and use of the results of the fracture
toughness tests performed in accordance with the ASME Code and XRC
regulations, will provide adequate safety margins during operatinsz,
testing, maintenance, and anticipated transient conditions. Compliance
with these Code provisions and NRC regulations constitutes an acceptable
basis for satisfying the requirements of General Design Crizecion 31.
The materials surveillance program required by Appendix ¥, 1) CFR
Part 50, will provide information on material properties and the effects
of irradiation on material properties so that changes in the fracture

toughness of the -aterial in the Susquehanna reactor vessel beltline

caused by exposure to neutron radiation can be properly assessed, and
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adequate safety margins against the possidilitv of vessel failure can be
provided.

Compliance with ASTM E 185-73 ind Apoendix H, 10 CFR Part 50
assures that the surveillance prosr:m constitutes an acceptable basis
for monitoring radiation-induced chainges in the fracture toughness of
the reactor vessel material and satisfies the requirements of Ceneral
Design Criteria 31 and 32.

We have reviewed the toughness reguireszents, and the extent of
materials te-ting for ferritic components of tne reactor coolant
pressure boundary, other than the rsactor pressure vessels described
earlier, in accordance with General Desiga Criterion 31, The ferritic
materials were specified to meef the touginess requirements of the 1971
Edition of the ASME Boiler and Pressure Vessel Code, Section III, "Rules
for Construction of Nuclear Power F.aat Components.”

Apvendix G, "Fracture Toughness Recuirements,” of 10 CFR Part 50
spreicies the fracture toughness rejuire-ents for the ferritic materials
of the reactor coolant pressure boundarv. The construction permit for
both Units 1 and 2 of the Susquebanna Power Station was issued on
November 2, 1973. Pursuant to parigraph 30.53a of 10 CFR Part 50, the
applicable ASME Boiler and Pressures Vessel Code for the reactor
recirculation piping is the [97] Ziition, including Addenda through
Summer 1972; whil-, the applicabdble Jode for tie reactor recirculation
system pumps, main steam line isclizion valves and main steam

safety/reliet valves is the 197] fiition including Addenda through
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Winter 1971. Based on inf:rmation supplied by the applicant concerning
anticipated deviations frc= the zodes and standards rules of the above
ment ioned paragraph, the AZC :zranted on June 20, 1974, in accordance
with paragraph 50.55a(a)(2:(ii) approval for relief from the rule and
acceptance of the ASME Section III Code for 1971 including the Summer
1971 Addendum for the above mentioned components.

Since the applicable :3ME Code Edition and Addendum described above
preceded the publication oI Acpendix G, 10 CFR Part 50, some of the
fracture toughness tests for the ferritic materials in the reactor
coolant pressure boundary .ers not conducted to demonstrate explicit
compliance with the current rsquirements of Appendix G.

We have reviewed the iaformation submitted to date in the applicant's
FSAR to determine the degree of compliance with the fracture toughness
requirercents of Apendix G, LU CFR Part 50. OQur evaluation indicates
that the applicant has met all requirements of Appendix G, 'O CFR Part
50, except for the followinag:

l. Paragraphs IIL.B..-Z2.2 specify that fracture toughness tests be
conducted with (a) impact zest specimens which comply with the location
and orientation requirements of paragraph NB-2322, Section III, of the
ASME Code and (b) materials wnich are representative of the actual

materials used in the reactor coolant priassure boundary. The applicant

must supply information to {zndicate that these requirements have been met,
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2. Paragraph IV.A.3 specifies that materials for piping, pumps,
and valves meet the requirements of paragraph NB=2332, Section III, of

the ASME Code, and materials for bolting and other fasteners meet the

T IR R IR

requirements of paragraph NB-1333, Sectien III, of the ASME Code. The
applicant has not supplied the fracture toughness data required by
NB-2332 or NB-2333 and, therefore, must submit this data in order that
we may determine compliance with Appendix G.

3. The applicant stated in Section 5.2.3.3.1 of the FSAR that the
main steam isolation valves were exempted Irom impact testing because
the ASME Code Section 1II, Sumnmer (971 Addendus did not require brittle
fracture testing on ferritic pressure boundary compunents when the
system temperature is in excess of 250°F at 207 of the design pressure.
Our review does not indicate that the applicant's referenced exception
was approved for inclusion in the ASME Code, Section 11I. The comments
addressed in Paragraph 2 above are, therefore, applicablc to the main
steam isolation valves as well.

The fracture toughness tests required by the ASME Code and Appendix G,
10 CFR Part 50, provide reasonable assurance that adequate safety
margins against the possibility of non-ductile behavior or rapidly
propagating facture can be established for all pressure retaining
components of the reactor ceoolant pressure boundary. The use of
Appendix G, Section IIl of the ASME Code, as & guide in establishing
safe operating procedures, and the use of the fracture toughness test

results performed in accordance with the ASME Code and NRC regulations,

' 30
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will provide adequate safety margins during operating, testing,
maintenance, and anticipated transient conditions. Compliunce with
these Code provisions and NRC regulations will constitute an acceptable

basis for satisfying the requirements of General Design Criterion 31.

LB
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5.3.2 Pressure Temperature Limits

Appendix G, "Fracture Toughness Requirements,” and Appendix H,
"Reactor Vessel Material Surveillance Program Requirements,” 10 CFR Part
50, describ~ the conditions that require pressure-temperature limits and
provide the general bases for these limits. These appendices
specifically require that pressure-temperature limits must provide
safety margins at least as great as those recommended in the ASHE Boiler
and Pressure Vessel Code, Section III, Appendix G, "Protection Against
Non-Ductile Failure.” Appendix G, 10 CFR Part 50 requires additional
safety margins whenever the reactor core is critical, except for
low-level physics tests.

The following pressure-temperature linits imposed on the reactor
coolant pressure boundary during operation and tests are reviewed to
ensure that they provide adequate safety margins against non-ductile
behavior or rupidly propagating failure of ferritic components, as
required by General Design Criterion 31:

[A. Preservice hydrostatic tests,

“B. Inservice leak and hydrostatic tests,
‘C. Heatup and cooldown operation, and
‘D. Core operation,

The applicant has proposed the use of an alternative method of
calculating the shift in the reference temperature, as required by
Appendices G and H, 10 CFR Part 50. This method estimates the shift in

the reference temperature by extrapolating the methods in Regulatory
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5.3.2 Pressure Temperature Limits

Appendix G, "Fracture Toughness R2equirements,” and Appendix H,
"Reactor Vessel Material Surveillance Program Requirements,” 10 CFR Part
50, describe the conditions that require pressure-temperature limits and
provide the general bases for these limits. These appendices
specifically require that pressure-temperature limits must provide
safety margias at least as great as those recommended in the ASME Boiler
and Pressure Vessel Code, Section III, Appendix G, "Pruie..’ -~ Asainst
Non-Ductile Failure."” Appendix G, 10 CFR Part 50 requires additional
safety margins whenever the reactor core is critical, except for
low=level physics tests.

The following pressure-temperature limits imposed on the reactor
coolant pressure boundary during operation and tests are reviewed to
ensure that they provide adequate safety margins against non-ductile
behavior or rapidly propagating failure of ferritic components, as
required by General Design Criterion 31:

l. Preservice hvdrostatic tests,

2. Inservice leak and hydrostartic tests,

3. Heatup and cooldown operation, and

4, Core operation.

The applicant has proposed the use of an alternative method of
calculating the shift in the reference remperature, as required by
Appendices G and H, 10 CFR Part 50. This me-hod estimates the shift in

the reference temperature by extrapolating the methods in Regulatory
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Guide 1.99 (Revision 1), "iffect of Residual Elerzents on Predicted

Radiation Damage to Reactor Vessel Materials,” to shifrs of less than
50°F. This method estimates the shift in reference temperature
conservatively for the first 10 effective full power years. Subsequent
to operation, predictions of radiation damage can be based on the actual
measured shifts in reference temperature that are from the results of
the surveillance program at >Susquehanna Power S.ation.

The additional safety margins which Appendix G, 10 CFR Part 50
require beyond those specified in the ASME Boiler and Pressure Vessel
Code whenever the core is eritical, other than for low level physics
tests, are that the temperatures of the reactor vessel be at least 40°F
higher than in similar non-rnuclear heating condirions as well as above
that required for the inservice system hydrcstatic pressure test. The
applicant has proposed a criticality temperature limit which is not
restricted by the inservice system hydrosiatic pressure tesft but,
rather, by consideration of fracture prevention in the flange regions
which are highly stressed by the bolt preload. This approach has been
previously described in the General Electric Topical Report
NEDO-21778-A, Transient Pressure Rises Affecting Fracture Toughness
Requirements for Boiling Water Reactore, accepted November 13, 1978.

We have evaluated this alternative approach and have concluded that
the method proposed by the applicant for setring the pressure-temperature

limits based on fracture prevention in the highly pre-stressed flange
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regions of the reactor vessel at low terperatures provides a sufficient
margin of safety and that the goals of Appendix G 10 CFR Part 50 would,
therefore, be fulfilled in regard to these matters.

The applicant has specified initial limiting reference temperatures
as a basis for the pressure-temperature limits it is propcsing.
Insufficient materials property data have been submitted to the staff to
support the conclusion that the temperatures specified are indeed
limiting. We require the applicunt to supply the necessary supporting
materials data described in detil in SER Section 5.3.1 which will be
necessary to complete review in this area, and show, based on these
data, that the limiting temperatures and materials are justified.

The pressure-temperature limits to be imposed on the reactor
coolant system for all operating and testing conditions to assure
adequate safety margins against non-ductile or rapidly propagating
“allure appear to be in conformance with established criteria, codes,
and standards acceptable to the staff except for the area discussed
above. However, before we can complete our review in this area, we

require t:e applicant to submit the materials property data required by

10 CFR Part _0 and the ASME Code as detaiied in SER Section S5.3.1.
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5.3.3 Reactor Vessel Integrity

GCeneral Design Criteria 1+, 30, "1 and 32, Appendix A, 10 CFR Part
50 require, in part, that the reactor coolant pressure boundary be
designed, fabricated, erected and tested to the highest quality
standards practical so as to minimize coolant leakage, minimize the
probability of rapidly propagating fracture and maximize inspectability
and surveillance capability to permit a continuing evaluation of
structural integrity. Although most areas relating to reactor vessel
integrity are evaluated separately iz other sections of the Safety
Evaluation Report, the reactor vesse. is of such importance that a
special summary review of all factors is warranted.

Information in the following ar:as has been reviewed to ensure
completeness and that no inconsistencies exist which would compromise
the integrity of Susquehanna Units 1 and 2 reactor preussure vessels.

l. Design (SER 5.2.3 and 5.3.1),

2. Materials of conmstruction (3ZR 5.2.3 and 5.3.1),

3. Fabrication methods (SER 5.2.3 and 5.3.1),

4. Inspection requirements (SEX 3.2.4), and

5. Operation conditions (SER 3.3.2).

We have reviewed the above factors coatributing to the structural
integrity of the reactor vessel and conclude thart the applicant has
complied with Appendices G and #, 1C CFR Part 50, except for the

following:
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1. The applicant has not reported all fracture toughness data as
required by Appendix G;

2. The applicant has proposed various material property
correlations to allow for conservative estimates of the fracture
toughness requirements of Appendix G. Additional information and
justification for these procedures must be supplied;

3. Information concerning corrective action for an unauthorized
attachment to the Susquehanna Unit | reactor pressure vessel has not
been submitted;

4. The materials used in the reactor vessel surveillance program
have not been sufficiently identified, and the orientation and number of

specimens do not satisfy the specific requirements of Appendir H. The

| applicant must submit additional information concerning the surveillance
program for our review;

5. The applicant has not submitted a preservice inspection program
plan for review; and

6. The applicaent has not submitted sufficient materials property
data to support their pressure-temperature iimits.

Until the applicant has supplied the information necessary to
complete our evaluation of Susquehanna Units 1 and 2 compliance wirh
Appendices G and H, we cannot form a conclusion regarding the structural

integrity of the reactor vessels.
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6.1.1 Engineered Safety Feature Materials

Engineered Safety Features (ESF) are providec in nuclear plants to
mitigate the consequences of design bhasis or loss-of-coolant accidents,
even though the occurrence of these accidents is very unlikely. The
General Design Criteria 16, 34, 35, 28, 41 and 44 of Appendix A, 10 CFR
Fart 50 require that certain systems be provided to serve as Engineered
Safety Features., The materials and fabrication procedures used in the
Engineered Safety Features are reviewed to assure compliance with the
General Design Criteria,

| The materials selected for the Engineered Safety Features satisfy
Appendix I of Section III of the ASML Code, and Parts A, B and C of
Section Il of the Code, and the staff position that the yield strength
of cold-worked stainless steels shall not exceed 90,000 psi.

Ferrvitic materials must satisfy the impact requirements of NB~2300,
NC=2300, ot ND-2300 of Section IIl of the Code. GZo that we may complete
our review in this area, the applicant should coniirm that ferritic
materials were tested and found in conformance with the Code
requirements., These fracture toughness tests and mechanical properties
required by the Code provide reasonable assurance that ferritic
materials will have adequate safety margins against the possibility of
nonduct {le behavior or rapidly propagaring fracture.

The controls on pH and chemistry of the reactor containment sprays
and the Emergency Core Cooling water following a jostulated

loss-of-coolant or design basis accident are adecuate to reduce the
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probability ot stress-corrosion cracking of the austenitic stainless
steel components and welds of the Engineered Safety Features systems
during the accident to completion of cleanup. The controls on the use
and fabrication of the austenitic stainless steels adequately satisfy
the requirements of Regulatory Guide 1.31, “"Control of Ferrite Content
of Stainless Steel Weld Metal," but do not satisfy the requirements,
regarding sensitization, of Regulatory Guide l.44, "Control of the Use
of Sensitized Stainless Steel,” as indicated below.

The specific item not deait with is tests to confirm the lack of
sensitization of as-received materials and processed materials by ASTM A
262-70, "Recommended Practices for Detecting Susceptibility to
Intergranular Actack in Stainless Steel.” The applicant must confirm
that the fabrication and heat treatment practices followed in
fabricating these components provide adequate assurance that
stress=corrosion cracking will not occur.

Cleaning procedures are in accordance with Regulatory Guide 1,37,
"Quality Assurance Requirements for Cleaning of Fluid Systems and
Associated Components of Water-Cooled Nuclear Power Plants,” and the
controls placed on concentrations of leachable impurities in nonmetallic
thermal insulation used on components of the Engineered Safety Features
are in accordance with Regulatory Guide 1.36, "Nonmetallic Thermal

Insulation for Austenitic Stainless Steel.”
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The control of the pH of the sprays and cooling water, in
con junction with controls of countainment materials, is in accordance
with Regulatory Guide 1.7, "Control of Combustible Gas Concentrations in
Containment Following a Loss-of-Coolant Accident," and provides
assurance that the sprays and cooling water will not give rise to
excessive hydrogen gas evolution resulting from corrosion of containment
metal or cause serious deterioration of the materials in containment.

Zinc compounds are applied in conformance with Regulatory Guide
1.54, "Quality Assurance Requirements for Protective Coatings Applied to
Water-Cooled Nuclear Power Plants,” but are noted in FSAR Section 3.13
to not meet all the requirements of Regulatorv Guide 1.54. The details
and consequences of the total lack of conformance with Regulatory Guide
1.54 must be clarified by the applicant before we can complete our
review in this area.

Conformance with the Codes and Regulatory Guides and with the staff
positions mentioned above constitute an acceptable basis for meeting the

requirements of General Design Criteria 16, 24, 35, 38, 41 and 44.
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6.6 Inservice Inspection of Class 2 and 3 Components

General Design Criteria 36, 39, 42, and 45, Appendix A, 10 CFR
Part 50, require, in part, thar the emergency core cooling containment
heat removal, containment atmosphere cleanups a:d cooling water svstems
be designed to permit appropriate periodic inspection of important
conponent parts to assure system integrity and capability. Design
considerations relating to the Inservice Inspection (ISI) Program for
ASME Code Class 2 and Class 3 components are reviewed to assure
compliance with the CGeneral Design Criteria.

Section 50.55a(g), 10 CFR Part 50, defines the detailed
requirements for the preservice and inservice inspection programs for
light water cooled nu.lear power facility components. Based upon a
construction permit date of November 1973, this section of the Code of
Federal Regulations requires that a preservice inspection program be
developed for Class 2 components and be implemented using at least the
Edition and Addenda of Section XI of the ASME code in effect six months
prior to the date of issuance of the construction permit. Also, the
initial inservice inspection program must comply with the requirements
of the latest Edition and Addenda of Sectiocn XI of the ASME Code in
effect twelve months prior to the date of issuance of the operating
license, subject to the limitations and modifications iisted in Section

50.55a(b) of 10 CFR Part 50.
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The applicant i{s currently developing the preservice inspection
program for Susqueharna Steam Elecrric Station = Unit 1, Deviations are
required to be evaluated and acceptable from the requirements of Section
XI of the ASME Code sad in accordance with 10 CFR Part 50,55a, before
issuance of an operating license. Evaluation of the deviations fron
Section XI requirements will be presented in a supplement to the SER.
The inservice inspection program for Class 2 and Class 3 comrivients will
be evaluated after the applicable ASME Code Edition and Addenda have
been determined and tefore the initial inservice inspections are
performed.

Compliance with the inservice inspections required by ASME Code and
10 CFR Fart 50 constizutes an acceptable basis fof satisfving applicable

requirements of Generil Design Criteria 36, 39, 42 and 45.
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10.3.6 Steam and Feedwater System Materials

General Design Criterion 1 requires, in part, that svstems
important to safety shall be designed to quality srtandar:s commensurate
with the importance to safety of the functions to bve periormed. The
materials utilized in the Steam and Feedwater System are reviewed for
compliance with General Design Criterion 1.

The mechanical properties of materials selected for _lass 1, 2, and
3 components of the steam and feedwater systems provided in FSAR,
Section 10.3.6.2 satisty Appendix I of Section IIl of the ASME Boiler
and Pressure Vessel Code, and Parts A, B, or C of Section II of the
Code. However, the list of materials is inadequate in t-at it does not
identify materials used for specirfic portions of the sysizem, such as
valves, fittings, welds, etc., and the additional informition must be
provided before we can complete cur review in this area.

Ferritic materials must satisfy the impact requirements of NB=2300,
NC=2300, or ND-2300 of Section IIl of the Code. S0 that we may complefe
our review in this area, the applicant should confirm that ferriti.
materials were tested and found in conformance with the Jode
requirements. These fracture toughness tests and mechanical properties
required by the Codc provide reasonable assuracnce that Zerritic

materials wili have adequate safety margins against the possibility of

nonductile behavior or rapidly propagating fracture.
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Since austenitic stainless steels are not used in the steam and
feedwater systems, the numerous requirements specified for these
materials do not apply to the Susquenanna Power Station. The applicant
takes exception to the requirements of Regulatory Guide 1.71, "Welder
Qualification for Areas of Limited Accessibility,” and simply complied
with Sections III and "X of the Code. The applicant must show that
their procedures resulted in high quality welds.

The onsite cleaning and cleanl’.ess controls used during
fabrication are in conformance with tne positions given in Regulatory
Guide 1.37, "Quality Assurance Requirements for Cleaning of Fluid
Systems and Associated Components of Water-Cooled Nuclear Power Plants,"
and the requirements of ANSI Standarc N 45.2.1-1973, “Cleaning of Fluid
Systems and Associated Componeuts During Construction Phase of Nuclear
Power Plants.”

The applicant has not noted specifically controlling and monitoring
the preheat and interpass temperatures during welding of carjon and low
alloy steel components to conform tec Regulatory Guide 1.50, “Control of
Preheat Temperature for Welding Low-illoy Steel,” and must provide
assurance of adherence to the requiresments of the Regulatory Guide.

The ASME Code Section III, Parazraphs NB/NC/ND 2550-2570 provide
requirements for nondestructive examination of tubular products. The

applicant must identify all tubular oroducts and provide information
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showing that they were nondestructively examined in accordance with the
applicable requirements of the ASME Code.

Conformance with the codes, standards, and Regulatory Guides
mentioned constitutes an accepable basis for assuring the integrity of
steam and feedwater systems and for meeting in part the requirements of

General Design Criterion l.

44



SSES Questions Draft August 1980 (Rev. 1)

4.5.1 Control Pcive Structural Materials

l. FSAR Section 4.5.1.3 indicates that nitrided austenitic
stainless steel parts of the control rod drive system (piston tube,
index tube, collet piston and guide cap) are accessible for visual
examination. Provide additional details of the inservice inspection
procedures for all nitrided components including inspection methods,

schedules and justification for same.

2. FSAR Section 4.5.1.1 identifies ASTM Specifications A269 and
A249 as well as ASME Specification SA312 for various tubular components
of the control rod drive systems constructed of austenitic stainless
steel. The specifications are applicadle for welded and seamless
products. The nondestructive examination procedures of the 1971 ASME
Code, Section IlI, paragraph NB-2550, are required for wrought seamless
tubular products. For tubular products welded without filler metal, the
requirements for Class 2 components are given by paragraph NC-2550,
which references the requirements of NB-2550. For Class 2 tubular
products welded with filler metal, paragraph NC-2560 of the 1971 ASME

Code is applicable.

The FSAR does not identify which tubular components of the control
rod drive system are welded and which are wrought seamless. Provide
informacion delineating those welded and seamless tubular products as
well as the nondestrucrtive exaumination methods used to verify the com—

ponents are free of internal derects.
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4.5.2 Reactor Internals Materials

1. FSAR Section 4.5.2,1 identifies ASTM Specification A370, Grades
E38 and E55 for the pin and insert of the lulet-mixer in the jet pump
assemblies. Specification A370 relates to testing of materials, not to
material specifications. Provide the correct material specification

used for those components.

2. FSAR Section 4.5.2.1 identifies nitrided type 304 stainless
steel as the material for jet pump beam bolts. Identify the material by
specification and provide assurance that the material can be expected to
perform satisfactorily under tne expected service conditions in this

application.

3. In FSAR Section 4.5.2.3, it is stated that the ASME material
specifications used for the Susquehanna core support structures require
nondestructive examination of wrought seamless tubular products
according to paragraph NG-2550, Sectien III of the ASME Code. We do not
necessarily agree that the ASME material specifications invoke the
requirements of NG-2530. Provide assurance that the nondestructive
examination for all wrought seamless tubular produ:'s used in the core
support structures of Susquehanna Units 1 and 2 were performed in

accordance with the requirements of NG-2550.
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5.2.3 Reactor Coolant Pressure Boundary Materials

l. We have noted seven deficiencies in Table 5.2.4, "Reactor
Coolant Pressure Boundary Materials (RCPB)," which require clarification
or justification as follows:

a. Submerged-arc-welding (SAW) materials for major reactor
vessel welds are not specified in the table, while the SAW process
is referenced in other sections of the FSAR. Identify all SAW
material specifications and specific applications in the RCPB.

b. SA 420, Grade WPLl is i{dentified in the table as a material
specification for fittings. This is not an allowable grade in
Section ITIL, Summer 1971 Addenium or any subsequent addenda.
Provide justificarion for the use of this material in the RCPB and
assurance that it will perforn satisfactorily under expected
service conditions.

¢, The table indicates that SFA 5.5 E7010 Al shielded
metal-arc electrodes are used for the RCPB. Since these materials
are not low hydrogen electrodes, their use could lead to cola
cracking problems and, thus, should not be used for fabrication ot
critical components. Identify those welds in the RCPB fabricated
with E7010 Al electrodes and provide assurance that the integrity
of the RCPB will not be comproaised.

d. SA 540, Grade B24 is identified in FSAR Secticn 5.3.1.5.1.2
for reactor vessel closure bolting. That spec.fication is not
reflecred in Table 5.2-4 for any component. Verify that the above
specification is used as indicated and, if so, change the table

accordingly.
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e. The following specified grades are not identifiable and are
believed to be typographical errors:

(1) SFA 5.1 frade E-705

(2) SA 240, Grade F316

(3) SA 182, Grade F216

Clarify the intended grades an? make appropriate changes to Table

5- 2".-

2. Regulatory Guide l.44, "Control of Sensitized Stainless Sreel,”
recommends that nonsensitiza-ion of austenitic stainless steel weldzments
be verified using an approved procedure as outlined in Regulatory Cuide
l.44, There is no indication in the rSAR that such weldoents in the
control rod drive system, reactor internals, reactor coolant pressure
boundary or engineered safety features have been so veriiied. Provide
assurance that these welds are not severely sensitized and that they

will not experience intergranular stress-corrosion cracking in service.

3. Regulatory Guide 1.56, "Maintenance of Water Purity in BWR's,”
recommends that 60% of the theoretical ion exchange capacity be
maintained in the demineralizers. FSAR Section 5.2.3.2.2(2)3 indicates
that 50% of the initial capacity will be maintained. Provide
justification for this reduction in ion exchange capacity.

Additionally, Genera) Electric Report NEDO-10399, “Chloride Control
in BWR Coolants,” is referenced in various section of tne FSAR as the

document which establishes the applicant's position on water purity.

y
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The report is used as justification for not performing verification
tests for sensitization of austenitic stainless steel welds under
certain conditions. Thau report has not been approved by the NRC as a
referenceable tovical report on the subject »f water purity. Provide
justification for acceptance of this report in providing assurance that
intergranular stress-corrosion cracking will not occur in the expected

operating environment.

4. Regulatory Guide 1.50, "Control of Preheat Temperaiure for Welding
Low Alloy Steels,” calls for maintaining preheat until postweld
heat-treatment, FSAR Section 5.2.3.3.2.1 indicates preheat was
somet imes "held for an extended period of time at preheat temperature to
assure removal of hydrogen.” This statement does not provide
justification for the extended preheat, nor does it provide assurance
that cracking will not occur during fabrication. Provide additional
information concerning extended preheat treatments and justification f{or
their use.

Additionally, there is no assurance given in the FSAR that welding
procedures were qualified at the minimum preheat temperature as
recommended by Regulatory Guide 1.50. Verify that welding procedures
were properly qualified as discussed above or, if not, provide assurance
that qualification procedures used are satisfactory for fabrication of
compunzats in the reactor coolant pressure boundary and the sceam and

feedwater system in general.



R R IR R REZSRES =~

|
)

SSES Questions Draft August 1980 (Rev. 1)

5. Regulatory Guide 1.71, "Welder Qualification for Areas of
Limited Accessibility,” recommends that both radiography and sectioning
be performed for mock-up welding., FSAR Sections 4.5.2.4 and 5.2.3.3.2.%
indicate that only one method, radiographvy or sectioning, was performed.
Verify the accuracy of the referenced statements in the FSAR and, if
accurate, provide justification for deviation from the recommendations
of Regulatory Guide 1.71 to assurz that welder qualification methods
used resulted in sound welds in areas of limited accessibility existing
in reactor internals, the reactor coolant pressure boundary and the

steam and feedwater system in general.
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5.3.1 Reactor Vessel Materials — 5.3.2 Pressure Temperature Limits

l. The answer to Question 121.1 is not adequate as nc information
on any of the material out_ide of the beltline region of either reactor
is included. Supply the information required to fully answer Question
121.1 for the remainder of the Susquehanna reactor vessels. Also, the
statement that no records were kept on the use of specific welding
electrodes in particular welds is totally unacceptable as this
represents a ma jor departure from QA requirewents and standard practice.
Provide a thorough description of the exact method of electrode
accountability used and a technical justification including analytical
and/or experimental results as necessary to show that acceptable
material properties were obtained in every weld in the Susquehanna

reactor vessels.

2. The information submitted in the FSAR through Revision 13 and
including answers to Questions 121.2 and 121.3 is still not sufficient
to satisfy that the requirements for fracture toughness of the reactor
coolant pressure boundary of the Susquehanna plant as defined ia
Appendix G to 10 CFR Part 50 have been met. The applicant shail submit
additional material test results as required to show that poin“s
identified below are in strict compliance to the requirements of
Appendix G, 10 CFR Part 50, In the event that the requirements caanut
be specifically met, it shall be demonstrated, using additional
materials test results and/or technical ‘ustification, that the proposed
alternatives provide acceptable margins of safety relative to Appendix G

requirements.
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(1) The fracture toughness data on the ferritic material in the
reactor coclant pressure boundary outside of the beltline required
in paragraphs IIIA and IVA is completely lacking and must be
supplied. Include results of testing for piping, pumps, valves and
bolting used in the boundary (includirg main steam isolation
valves).

(2) Fracture toughness data on the reactor vessel heat-
affected zone (HAZ) material is lacking and must be supplied. The
statement in FSAR Section 5.3.1.5.1.2 that the RTypr for the HAZ is
the same as for the base material is unacceptable without supporting
technical justification and materials test data.

(3) It has not been demonstrated that the location and
identification of the materials used to determine fracture
toughness results for the beltline materials complies with the
requirements of paragraph II11.C.2. Provide an exact description of
the materials used for this purpose includiug the locations from
which they were obtained.

(4) The 2°F per ft-1b correlation used in FSAR Section 5.3.1.5.1.2
to estimate the longitudinal CVN 50 ft-1b level as an intermediate
step in establishing transverse CVN 50 ft-1b temperature for RCPB
materials has not been shown to be conservative in extrapolating
from higher to lower energy levels. Identify materials where this
was done and provide conservative estimates of the temperatures at

which 50 ft-1b will be achieved for these materials.
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(5) T™e recommendation made in FSAR Table 5.3.1.A for meeting
the 75 ft=1lb upper shelf reguirement for beltline material
specified in paragraph IV.B on the bdasis of lowest longitudinal CVN
energies and percent shear {s insufficient, Justify this basis for

acceptance or provide an alternative basis.

3. Insufficient information concerning magnetic particle, dye
penetrant, and visual examinations of the reactor vessel closure bolting
material was included in the Susguenarna FSAR Se tion 5.3.1.7. Supply
information demonstrating that the bol:ing material for the Susquehcana
vessels have met the requirements of tne ASME Code Section III,
paragraph N325 or NB2583 for such examinations as well as those
specified in Regulatory Guide l.05, "“aterials and Inspections for

Reactor Vessel Closure Studs,” paragraoh C.2.4.

4. To demonstrate compliance with Appendix H to 10 CFR Part 50,
include in the Susquehanna FSAR and Technical Specifications a table
that provides the following information for each surveillance specimen
capsule:
(1) T™e actual surveillance =aterials in each capsule,
(2) The beltline matericl from which each surveillance material
was obtained,
(3) Te test specimen type(s) and their orientation for each
: surveillance material,

(4) The actual location of cach capsule in the reactor vessel,
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(5) The lead factor for each capsule calculated with respect
to the 1/4 wall thickness location,
(6) The proposed loading schedule of the capsules into tue

Susquehanna reactor vessel, and

{7) The proposed time of capsule withdrawal (calendar years and
effective full power years).

State whether or not the materials identified in parts (1) and (2)
were chosen according to the ASTM Standard Recommended Practice E185-73,
"Surveillance Tests for Nuclear Reactors.” If they were not, supply the
full details of the selection method along with technical justification
for its use.

Further state whether or not the materials identified in parts (1)
and (2) are the materials expected to be limiting. If they are not,
include an analysis showing how the test results with these materials

will be used to conservatively predict the maximum expected shift of

5. Since the Susquehanna FSAR states in Section 5.3.1.6.1 that
only eight Charpy V-notch specimens per material are to ve included in
the second and third surveillance capsules, provide justification that
these eight specimens will provide the similar margin of safety as that
required by “ppendix H, 10 CFR Part 50, by reference to ASTM Standard
Recommended Practice E185-73, "Surveillance Tests for Nuclear Reactors,”

which specifies that 12 specimens shall be included.

10
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6. In the Susquehanna FSAR Section 5.3.1.6.4, which describes the
positioning and method of attachment of the surveillance capsules within
the reactor vessels, no mention is made of the in-service inspection
plans required by paragraph II1.C.2 Appendix H, 10 CFR Part 50, by
reference to Section XI of the ASME Code for permanent structural
attachments,

Supply the inspection plans required by the above mentioned
paragraph for our review. Also, the answer to question 121.4 (SSES FSAR
Revision 11) is incorrect with respect to the code applicability of the
surveillance capsule attachment brackets as well as inconsistent with

FSAR Section 5,3.1.6.4 (Revision !3)., Revise the answer accordingly.

7. With reference to the unauthorized attachment of a pipe hanger
by welding to the SSES Unit 1 reactor pressure vessel, it is necessary
that the deficiency be corrected. Technical details of the attachment
(i.e., description of hanger, welding procedure, depth of penetration,
location on vessel, etc.), as well &s plans for corrective action and

justification for same, must be submitted for our review.

il
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6.1.1 Engineered Safety Features Materials

l. Ferritic materials used in Engineered Safety Features are
required to meet the fracture toughness requirements of paragraphs
NB-2300, NC-2300 or ND=2300, Section III of the ASME Code for Class 1,
Class 2 and Class 3 components, respectivelyv. Section 6.1 of che FSAR
does not discuss the toughness of those materials. Clarify whether
impact testing was performed on those materials and provide assurance
that the ferritic materials used for the Engineered Safety Features

meet the minimum requirements specified in the Code.

2. In Section 3.13 of the FSAR it is noted that the zinc¢ compounds
do not meet all the recommendations of Regulatory Guide 1.54, "Quality
Assurance Requirements for Protective Coatings Applied to Water-Cooled
Nuclear Power Plants.”™ List the specific areas in which the coatings do
not meet the requirements of Regulatory Guide 1.54 and note the

anticipated operational consequences of this lack of conformance.
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10.3.6 Steam and Feedwater System Materials

l. FSAR Secticn 10.3.6 does not discuss the nondestructive
examination of tubular products used in the steam and feedwater system.
Describe the examination procedures used for tubular products of Class
1, Class 2 and Class 3 components. P.ovide justification for any

deviation from the requirements of Section III, ASME Code.

2. Section 10.3.6 of the FSAR indicates that the ferritic
materials specified for main steam and feedwater piping were not impact
tested. Section III, NB-2300, NC-2300 and ND-2300 require impact
testing be performed for Class 1, Class 2 and Class 3 components,
respectively. Clarify the statement concerning impact testing in FSAR
Section 10.3.6 and provide assurance that ferritic materials used for
steam and feedwater system components meet the minimum requirements

specified in the Code.

3. Te list of materials given in FSAR Section 10.3.6.2 is
incomplete. Provide a comprehensive list of materials us 'd for Class

Class 2, and Class 3 components of the Steam and Feedwater System to

include valves, fittings, bolting, pumps, pipes, welding, etc.
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