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ESTION NO. 252.1 k

“

For each reactor vessel beltline weld:

a. findicate the post weld heat treatment received by each production
weld and its associated sample test weld,

b. indicate the filler material, flux material, and weld process,

c. indicate whether the sample test welds are prepared using excess
base wmaterial from the beltline,

d. provide CVN impact test results and drop weight test results,

e. report the copper, nickel lnd phosphorus chemical composition.

RESPONSE

a. The typical post weld heat treatment data is referenced in Section
5.3.1.7 and provided in Tables 5.3-9 and 5.3-10.

b. Referring to Section 5.3.1.7, the filler material and weld process
are identified in Table 5.3-4. The flux material for the submerged
arc weld is LINDE 124.

€. The sample test welds are prepared in accordance with the ASME Code
and do not include base material from the beltline.

d. The test results are discussed in Section 5.3.1.7.1 and shown in
Tables 5.3-3 and 5.3-4.

e. The significant chemica)l compositions, including copper, nickel, and
phosphorus, are listed in Tables 5.3-4 and 5.3-5.

DRAFEI1
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?gESTION NO. 252.2 ke

For each reactor vessel beltline plate or forging:
8. provide CVN impact test results and drop weight test results,

b. report the copper, nickel and phosphorus chemical composition,
material specification and plate identification.

RESPONSE

a. The test results are discussed in Section 5.3.1.7.1 and shown in
Tables 5.3-3 and 5.3-4. .

b. See Tables 5.3-5 and 5.3-6.

DRAET.

PCY: ham/D051012* ol A
5/19/83



LGS

QUESTION NO. 252.3 , ) .
5.3

For each beltline plate or weld that has not been tested to the CVN
impact test and drop weight test requirements of Section III, Summer 1972
Addenda of the ASME Code and the upper shelf requirements of Paragraph IV.B
of Appendix G, 10CFR Part 50 submit CVN impact test and drog weight test
results from alternative test materials that demonstrates the beitline
materials comply with these requirements. The alternative weld material
must be fabricated using the same flux type, filler wire type, weld
process as the production sample, must be welded by the same manufacturer
as the production sample, and heat treated to a eguivalent metallurgical
condition as the production weld. The alternative plate material must be
fabricated by the same manufacturer as the production plate and must be
fabricated to the same material specification and heat treated to the
same metallurgical condition as the production plate.

RESPONSE

The alternative plate and weld comparison data are referenced and discussed
in Section 5.3.1.7.3.

DRAET

-
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gesnon NO. 252.4 ¢

For all ferritic RCPB valve materials and piping materials that were not
fracture toughness tested to the requirements of the Summer 1972 Addenda
and Winter 1372 Addenda of ASME Code, respectively, provide CVN impact

and drop weight test data from alternative test materials that demonstrates
the valve an piping material would have met ASME Code reguirements, had
they been tested. The alternative material must be fabricated by the

same manufacturer as the production materials and must be fabricated to

the same material specification and heat treated to the same metallurgica)

condition as the production plate.

RESPONSE

The alternative test data for the main steam isolation valves, which were
not fracture toughness tested, are referenced and discussed in Section
5.3.1.8.2.4. A1l other ferritic RCPB valve materials and piping materials
were either tested as required by Appendix G or exempted from such

testing as discussed in Section 5.3.1.8.2.

DRAET

PCY: ham/D051012*
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ESTION NO. 252.5

To justify an exemption to the requirements of Paragraph IV.A.2.b of
Appendix G, 10CFR Part 50:

fndicate all flange and shell re?ions near geometric discontinuities
that, during vessel operation, will not provide margins of safety in
accordance with Appendix G, Section III of the ASME Code,

for all locations in Item a, estimate the critical crack size during
normal operation which provides a margin of safety equivalent to
Appendix G, Section III of the ASME Code. Indicate the method of
analysis, :

indicate which non-destructive test methods can be performed during
in-service inspection to examine for cracks of the size and location

identified in Item a and b.

RESPONSE

The effect of the main closure flange discontinuity is considered by

adding 60°F and 90°F to the RT”DI to establish the minimum temperature
v

for bolt-up and pressurization, respectively, as shown in Figure
5.3-4. The minimum bolt-up temperature of BO°F for Limerick Unit 1,
which is shown in Figure 5.3-4, is based on an initial RT of
+20°F for the shell plate which connects to the closure fvgxge. The
minimum bolt-up temperature of +70°F for Limerick Unit 2, which is
shown in Figure 5.3-5 is based on an initial RTNDT of +10°F for the
closure flange forgings.

Because all toughness testing needed for strict compliance with
10CFR50, Appendix G was not required at the time of vessel
procurement, the effect of the reactor vessel discontinuities is
considered by adiusting the results of a BWR/6 reactor discontinuity
analysis to the Limerick reactors. The BWR/6 analysis performed in
accordance with 10CFR50 Appendix G includes the margin of safety
implicit in the Appendix G requirements. The adjustment is made by
increasingethe minimum temperatures required by the difference
between the Limerick and BWR/6 feedwater nozzle forging RTyo1's:
The discontinuity adjustment is based on the RTNDT of 40°F ?gr
Limerick Unit 1.

This information is documented in the revised Section 5.3.1.5.3.

. As shown in Table 5.3-1a, Item IV.A.2.b, 60°F is added to the RTgDT

for the reactor vessel fianges. For other vessel discontinuitie

the results of the BWR/6 analysis are adjusted to Limerick Unit 1

RTuny conditions. In-service inspection will consist of those
ex'ﬂlnations required by the appropriate editions of ASME Section XI.

DRAET
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ESTION NO. 252.6
gﬂ )

In order for us to complete our review of the applicant's reactor vessel
surveillance program, report the copper, nickel and phosphorus chemica)
composition, the unirradiated CVN impact test results, the unirradiated
drop weight test results, the plate material specification, filler wire
type and flux type for a1 surveillance materials.

RESPONSE

The roguested information is referenced and discussed in Sections
5.3.1.6 and 5.3.1.9.

DRAET

PCY: ham/D051012*
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ESTION NO. 252.7

)

In order for us to complete our review of the applicant's pressure
temperature limits:

estimate the enc-of-1ife maximum neutron irradiation fluence

a.
(E > 1 MeV) at the 1/4 thickness and 3/4 thickness locations in the
beltline region, '

b. indicate the inside diameter and wall thickness of the beltline
region.

RESPONSE

a. The estimated end-of-1ife maximum neutron irradiation fluences at
(1/4)T and (3/4)T are 1.1 E18 n/cm? and 4.4 F17 n/cm?, respectively.

b. For conservative flux calculations, 251 inches is used as the:inside
diameter of the beltline region. The wall thickness is 6 3/16
inches.

PCY: hm/D051012* -7-
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5.3 REACTOR VESSEL
5.3.1 REACTOR VESSEL MATERIALS

5.3.1.7 paterials Specifications

The materials used in the reactor pressure vessel (RPV) and
appurtenances are shown in Table 5.2-4 together with the
applicable specifications.

5.3.1.2 Special Processes Used for Manufacturing and Pabrication

The RPV is primarily constructed from low-alloy, high strength
steel plate and forgings. Plates are ordered to ASME SA 533
Grade B, Class 1, and forgings to ASME SA 508, Class 2. These
materials are melted to fine grain practice and are supplied in
the gquenched and tempered condition. Purther restrictions
include a requirement for vacuum degassing to lower the hydrogen
level and improve the cleanliness of the low-alloy steels.

Studs, nuts, and wvashers for the main closure flange are ordered
to ASME SA 540, Grade B 23, or Grade B 24. Welding electrodes
are low hydrogen type ordered to ASME SPA 5.5.

All plate, forgings, and bolting are 100% ultrasonically tested
and surface examined by magnetic particle methods or liquid
penetrant methods in accordance with ASME Code, Section III
standards. Practure toughness properties are also measured and
controlled in accordance with Section III requirements.

All fabrication of the RPV is performed in accordance with
General Electric (GE) approved drawings, fabrication procedures,
and test procedures. The shells and vessel heads are made from
formed plates, and the flanges and nozzles from forgings.

Welding performed to join these vessel components is in
accordance with procedures gualified in accordance with ASME
Code, Section III and IX regquirements. Weld test samples are
required for each procedure for major vessel full penetration
welds. Tensile and impact tests are performed to determine the
properties of the base metal, heat affected zone, and weld metal.

Submerged arc and manual stick electrode welding processes are
employed. Electroslag welding is not permitted. Preheat and
interpass temperatures employed for welding of low-alloy steel
meet or exceed the reguirements of ASME Code, Section III.
Post-weld heat treatment at 1100°P minimum is aoplied to all
low-alloy steel welds.

Radiographic examination is performed on all pressure-containing
welds in accordance with requirements of ASME Code, Section III,
Paragraph N-624 including Summer 1975 Addenda. In addition, all
welds are given a supplemental ultrasonic examination.

9:3~1 : A
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The materials, fabrication procedures, and testing methods used
in the construction of boiling water reactor (BWR) RPVs meet or
exceed requirements of ASME Section [II Class I vessels.

5.3.1.3 Special Methods for Nondestructive Examination

The materials and welds on the RPV were examined in accordance
with methods prescribed, and met the acceptance requirements
specified by ASME B&PV Code, Section III. 1In addition, the
pressure-retaining welds were ultrasonically examined using
manual techniques. The ultrasonic examination method, including
calibration, instrumentation, scanning sensitivity, and coverage
is based on the requirements imposed by ASME Zode, Section XI in
Appendix I. Acceptance standards are equivalent to, or more
restrictive than, those required by ASME Code, Section XI.

5.3.1.4 Special Controls For Perritic and Austenjtic Stainless
Steels

5.3.1.4.1 Compliance With Requlatory Guides

5.3.1.4.1.1 Regulatory Guide 1.31, Control of Perrite content in
Stainless Steel Weld Metal

controls on stainless steel welding are discussed in Section
$:8.3.8.2:1.

5.3.7.4.1.2 Regulatory Guide 1.34, Control of Electroslag Weld
Properties

Blectroslag welding is not employed for the RPV fabrication.

5.3.%.4.%.3 Requlatory Guide 1.43, Control of Stainless Steel
Weld Cladding of Low-Alloy Steel Components

RPV specifications require that all low-alloy steel be produced
to fine grain practice. The requirements of this regulatory
guide are not applicable to BWR vessels.

5.3.7.4.7.4 Regulatory Guide 1.44, Control of the Use of
Sensitized Stainless Steel

Controls to avoid severe sensitization are discussed in Section
Se2s3:8.1.1.

5.3.7.4.7.5 Regulatory Guide 1.50, Control of Preheat
Temperature for Welding Low-Alloy Steel

Preheat controls are discussed in Section 5.2.3.3.2.1.

5.3.7.4.7.6 Regulatory Guide 1.71, Welder Qualification for
Areas of Limited Accessibility

Ec\.~r*) i
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Welder gualification for areas of limited accessibi’ ity is
discussed in Section 5.2.3.4.2.3.

9:3.1.4.%.7 Regulatory Guide 1.99, Effects of Residual Elements
on Predicted Radiation Damage to Reactor Pressure
Vessel Materials

Predictions for changes in transition temperature and upper shelf
energy are made in accordance with the guidelines of Regulatory
Guide 1.99.

5.3.1.5 Practure Toughness

This section is supplemented by Section 5.3.1.7 and 5.3.1.8 in
discussing the compliance to the intent of 10CPRS0, Appendix G.

5.3.1.5.7 Assessment of 10 CPR Part 50, Appendix G

A major condition necessary for full compliance to Appendix G is
satisfaction of the requirements of the Summer 1972 Addenda to
Section III of the ASME Code. This is not possible with
components that were purchased to earlier code requirements. Por
the extent of compliance see Tables 5.3-1a and 5.3-2a.

Perritic materials complying with 10 CPR, Part 50, Appendix G
aust have both drop weight tests and Charpy V-notck (CVN) tests
with the CVN specimens oriented transverse to the maximum
material vorking direction to establish the RT , . The CVN tests
sust be evaluated against both an absorbed energy and a lateral
expansion criteria. The maximum acceptable RT, et must be
determined in accordance with the analytical procedures of ASNE
Code Section III, Appendix G. Appendix G of 10 CPR, Part 50
requires a minimum of 75 ft-1b upper shelf CVN energy for
beltline material. It also requires at least 45 ft-1lb CVN energy
and 25 mils lateral expansion for bolting material at the lower
of the preload or lowvest service temperature.

By comparison, materials for the Limerick Units 1 and 2 reactor
vessels are qualified by drop weight tests and/or in most cases
longitudinally oriented CVN tests (both not required), confiraming
that the material nil-ductility transition teaperature (NDTT)
longitudinal is at least 60°P below the lowest service
temperature. When the CVN test was applied, a 30 ft-1b energy
level was used in defining the NDTT. There was no upper shelf
CVN energy requirement on the Limerick UOnits 1 and 2 beltline
material. The bolting material was qualified to a 30 ft-1b CVN
energy requirement at 60°F below the minimum preload temperature.

To determine operating limits in accordance with 10 CPR, Part 50,
Appendix G, estimates of the beltline material RT,yr and the
highest RT jor Of all other material were made, as explained in

5.3-3 i s B i
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Section 5.3.1.5.3. The method for developing these operating
limits is also described therein.

5.3.1.5.2 Method of Compliance

The method of compliance is based on the last paragraph on P.
19013 of the July 17, 1973 Pederal Register. The intent of the
proposed special method of compliance with Appendix G for this
vessel is to provide operating limitations on pressure and
teaperature based on fracture toughness. These operating limits
ensure that a margin of safety against a nonductile failure of
this vessel is very nearly the same as a vessel built to the
Summer 1972 Addenda.

The specific temperature limits for operation when the core is
critical are based on a proposed modification to 10 CPR, Part 50,
Appendix G, Paragraph IV, A.2.C. The proposed modification, its
justification and the results of an NRC review are given in GE l
Licensing Topical Report NEDO-21778-A. '

S.3-4
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A minimum boltup and pressurization temperature of 80°F is called
for, which is at least 60°F above the flange region RT gy for
Limerick 1. This exceeds the minimum RT.uor temperature reguired
by ASME Code Section III, Paragraph G-222(c), Summer 1976 and
later editions. A flange region flaw size less than 0.24 inch
critical flaw depth can be detected at the outside surface of the
flange to shell and head junctions where stresses due to boltup
are most limiting.

5.3-4a
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5.3.1.5.3 Methods of Obtaining Operating Limits Based on
Practure Toughness

Operating limits that define minimum metal temperatures versus
reactor pressure during normal heatup and cooldown, and during
inservice hydrostatic testing, are established using the methods
of Appendix G of Section III of the ASME B&EPV Code, 1971 Edition
including the Summer 1972 Addenda. The results are shown in
Pigure 5.3-4 (Limerick Onit 1) and 5.3-5 (Limerick Unit 2).

Estimated RTyor values and temperature limits are given in this
section for the limiting locations in the reactor vessel.

All the vessel shell and head areas remote from discontinuities
vere evaluated and the operating limit curves are based on the
limiting location. The boltup liaits for the flange and adjacent
shell regions are based on a minimum metal temperature of RT . r ¢
60°P,. The maximum throughwall temperature gradient from
continuous heating and cooling at 100°F per hour was considered.
The safety factors applied were as specified in ASME Code
Appendix G and GE BWR Licensing Topical Report NEDO-21778-A.

Por the purpose of setting these operating limits the reference
temperature, RTyyr, is determined from the touchness test data
taken in accordance with requirements of the Code to which the
vessels are designed and manufactured. These toughness test
data, CVN and/or dropweight NDT are analyzed tc peramit compliance
vith the intent of 10 CPR, Pact 50, Appendix G. Because all
toughness testing needed for strict compliance with Appendix G
vas not required at the time of vessel procurement some toughness
results are not available. Por example, longitudinal CVN's,
instead of transverse, vere tested, usually at a single test
teaperature of +10°P or +40°P, for absorbed energy. Also, at the
time, either CVN or dropweight testing was permitted; therefore,
in many cases both tests were not performed as is currently
required. To substantiate the design adequacy, toughness
property correlations are derived for the vessel materials in
order to give a conservative estimate of RT,ur, compliant with
the intent of Appendix G criteria.

These toughness correlations vary, depending on the specific
saterial analyzed, and are derived from the results of WRC
Bulletin 217, "Properties of Heavy Section Nuclear Reactor
Steels,"™ and from toughness data from the Limerick Onit 1 and 2
vessels and other reactors. In the case of vessel plate material
(SA-533 Grade B, Class 1), the predicted limiting toughness
property is either NDT or transverse CVN S0 ft-1lb temperature
minus 60°FP. NDT values are available for all beltline and some
other Limerick 1 and 2 vessel plates. Where NDT results are
missing, NDT is estimated as the longitudinal CVN 35 ft-1b
transition teamperature. The transverse CVYN 50 ft-1lb transition
temperature is estimated from longitudinal CVN data in the

5.3-5
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following manner. The lowest longitudinal VN ft-1lb value is

ad justed to derive a longitudinal CVN 50 ft-1b transition
teaperature by adding 2°F per ft-lb to the test temperature. If
the actual data equals or exceeds 50 ft-lb, the test temperature
is used. Once the longitudinal 50 ft-lb temperature is decrived,
an additional 30°F is added to account for orienteztion effects
and to estimate the transverse CVN 50 ft-1lb temperature minus
60°P, estimated in the preceding manner.

For forgings (SA-508 class 2), the predicted limiting property is
the same as for vessel plates. CVN and dropweight values are
available for the vessel flange, closure head flange, and
feedvater nozzle materials for Limerick Units 1 and 2. RT ¢ is
estisated in the same vay as for vessel plate.

Por the vessel weld metal the predicted liamiting property is the
CVN SC ft-1lb transition teamperature minus 60°F, as the NDT values
are -50°P or lower for these materials. This temperature is
derived in the same way as for the vessel plate material, except
the 20°F addition for orientation effects is omitted since there
is nc principal vorking direction. When NDT values are
available, they are also considered and the RT,or is taken as the
higher of NDT or the 50 ft-lb temperature minus 60°P. When NDT
is, not available, the RT, o shall not be less than -50°P, since
lover wvalvwes are not supported by the correlation data.

Yor vessel w~ld heat affected zone (HAZ) material the AT yor is
assumed the sape as for the base material, since ASNE Code weld
procedure gualification test requirements and post-wveld heat
trratment indicates this assumption is valid.

Closure bolting material (SA-540 Grade B24) toughness test
requireaents for Limerick Units 1 and 2 are for 30 ft-lb at 60°P
below the boltup temperature. Current Appendix G requirements are
for 45 ft-1lb and 25 mils lateral expansion (MLE) at tiz preloacd
or lovest service terperature, including boltup. All liserick
Unit 1 closure stud materials meet current requirements at +10°F,
All but one heat, for which records were not available, of the
Limerick Unit 2 clecsure stud materials meet current requireacnts
at +70°P. The purchase requirement for Limerick Unit 2 closure
stud material wvas for 30 ft-1lb at +10°P, and no deviation is
reported. Thus, 60°F is added to the specified test temperature
for Limerick Uni* 2 to derive the boltup temperature.

Using this general apprcach, an initial RTueor of 20°F is
established for the cocre beltline region for Limerick Unit 71 and
later for Limerick Onit 2.

The effect of the main closure flange discontinuity is considered
by adding 60°F and 909F to the BTwaT tc establish the minimum
temperature for boltup and pressurization respectively. The
sinimm boltup temperature of 80°P for Limerick Unit ¥, which is

5.3-6 D;’:BJQF.T
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shown in Pigure 5.3--4 is based on an initial RTgr of +20°F for

the shell plate which connects to the closure flange. The

minimum boltup temperature of +70°P (preliminary) for Limerick |

Onit 2, which is shown in Pigure 5.3-5, is based on an initial RT g
of +10°P for the closure flange forgings.

Because the toughness testing in strict compliance with 10CFRS50
Appendix G vas not required at the time of vessel procurement,
the effect of the reactor vessel discontinuities is considered by
adjusting the results of a BWR/6 reactor discontinuity analysis
to the Limerick reactors. The BWR6 analysis performed in
accordance with 10CPR50 Appendix G includes the margin of safety
implicit in the Appendix G requirement. The adjustment is made
by increasing the minimum temperatures required by the difference
between the Limerick and BWR/6 feedwater nozzle forging RT or's.
The adjustment is based on an RTnpr oOf 4O0OP for Limerick Unit 1
and an RTu of later for Limerick Unit 2.

The reactor vessel closure studs have a minimum Charpy impact

energy of 48 ft-1lb and a 27 MLE at 10°P for Limerick Unit 1. The

studs for Limerick Unit 2 have a specified charpy energy of 30

ft-1b at 10°P. The lovest service temperature for boltup of

Limerick Onit 2 is taken to be 60°P above the later value and is

later. Charpy test results are discussed in Sections 5.3.1.7 and
oe3a Voo

5.3.1.6 Material Survejllance

5.3.1.6.7 cCoampliance with "Reactor Vessel Material Surveillance
Program Requirements"

The materials surveillance program monitors changes in the
fracture toughness properties of ferritic materials in the
reactor vessel beltline region resulting from their exposure to
neutron irradiation and thermal environment.

Naterials for the program are selected to represent materials
used in the reactor beltline region. The specimens are
manufactured from a plate actually used in the beltline region,
and a weld typical of those in the beltline region, and thus
represent base metal, weld metal, an” !:s transition zone between
base metal and weld. The plate and #+ 1 .re heat treated in a
manner that simulates the actual » 2t reatment performed on the
core region shell plates of th n’ ed vessel.

Purther details of the vessel s rveillaj~e programs are provided
in Section 5.3.1.9.

The surveillance program includes three capsule holders per
reactor vessel.

v
N\ re
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Por the specimen arrangement, see Table 5.3-16 as referenced in
“ction 5.3.1'9.

A set of out-of-reactor baseline CVN specimens is provided with
the surveillance test sgecinens.

Charpy impact specimens for the reactor vessel surveillance
programs are of the longitudinal orientation consistent with the
ASME requirements prior to the issue of the 1972 Addenda and ASTM
E185-73. Based on GE experience, the amount of shift measured by
these irradiated longitudinal test specimens is essentially the
same as the shift in an equivalent transverse specimen.

Por Limerick Units 1 and 2, each set of surveillance specimens is
loaded in six small capsules rather than one large capsule.
Therefore, each capsule holder which contains all six small
capsules can be considered to be the same as one surveillance
capsule as defined in 10 CFR, Part 50, Appendix H. Three capsule
holders are included in each reactor vessel. Since the predicted
ad justed reference temperature of the beltline region is less
than 1000P at end-of-life and the calculated peak neutron fluence
is less than 5 x 10%® pn/ca2, the use of three capsule holders
meets the requirements of 10 CPR, Part 50, Appendix H, and ASTM
B185-73.

The vitharawal schedule of the three sets of specimens in the
reactor is planned as follows:

a. The first set is withdrawn vhen its exposure corresponds
to the calculated exposure of the reactor vessel wall at
25% of the reactor design life.

b. The second set is withdirawn when its exposure
corresponds to the calculated exposure of the reactor
vessel wall at 75% of the reactor design life.

Ce. The third set is a spare to be withdrawn based on
previously develoaped data.

Por the extent of compliance to 10 CPR, part 50, Appendix H, see
Tables 5.3-1b and 5.3-2)h.

5.3.1.6.2 Neutron Plux and Pluence Calculations

A description of the methods of analysis is contained in Sections
4.1.4.5 and 4.3.2.8.

5.3.7.6.3 Predicted Irradiation Effects on Vessel
Beltline Materials

Estimated maximum changes in RTyer (initial reference
teaperature) and upper shelf fracture energy as a function of the

5.3-8 Dg ’_‘n‘
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end-of-life (EOL) fluence at the 1/4 depth of the vessel beltline
are provided in Section 5.3.1.7. The predicted peak BOL fluence
at the 1/4 depth of the vessel beltline is 7.1 x 10!® n/ca? after
40 years of service. Transition temperature changes; and
variations in upper shelf enargy were calculated in accordance
vith the rules of Reqgulatory Guide 1.99. BReference temperatures
vere established in accordance with 10CPRS0 Appendix G and NB-
2330 of the ASME Code.

5.3.1.6.4 Positioning of Surveillance Capsules and Method of
Attachment

Surveillance specimen capsules are located at three azimuths at a
common elevation in the core beltline region. The sealed
capsules are not attached to the vessel but are in welded capsule
holders. The capsule holders are mechanically retained by
capsule holder brackets welded to the vessel cladding as shown in
Pigure 5.3-3. The capsule holder brackets allow the capsule
holder to be removed at any desired time in the life of the plant
for specimen testing. These brackets are designed, fabricated,
and analyzed to the regquirements of Section III of the A3ME code.
A positive spring-loaded locking device is provided to retain the
capsules in position throughout any anticipated event during the
lifetime of the vessel.

5.3.1.6.5 Time and X '‘mber of Dosimetry Measurements

GE provides a separate neutron dosimeter so that fluence
measurements say be made at the vessel ID during the first fuel
cycle to verify the predicted fluence at an early date in plant
operation. This measurement is made over this short period to
avoid saturation of the dosimeters now available. Once the
fluence-to-thermal power output is verified. no further dosimetry
is considered necessary because of the linear relationship
between fluence and power output.

5.3.1.7 VESSEL BELTLINE PLATES & WELDS

This section supplements Section 5.3.1.5 in discussing the
compliance to the intent of 10CPR50, Appendix G.

5.3.1.7.1 Test Data

Available Charpy V-notch and Drop-Weight impact data are
presented in Tables 5.3-3 and 5.3-4. There are two categories of
beltline velds identified: ™shop" welds and "field™ welds. The
shop welds represent vessel vertical seams which were made prior
to shipaent of pre-assembled ring segments to the Limerick 1
plant site. The field welds (i.e., girth welds) were made at the
plant site. However, exact identification of weld materials used
in the beltline girth weld seam is not available. Therefore, a
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conservative assumption is made to consider all electrodes which
vere released for field-welding the vessel shells.



LGS FPSAR

Pigure 5.3-7 shows the beltline layout. It gives plate heat
numbers and locations, as well as weld seam locations and
identifications.

5.3.1.7.2 Effects of Irradiation

Copper and phosphorus values used to estimate the effects of
irradiation on toughness are presented in Table 5.3-5.

BEstimated starting (i.e., unirradiated) RTyor values for the
beltline plate and weld materials are presented in Table 5.3-5.
These values wvere calculated using the data in Tables 5.3-3 and
5.3-4 in accordance with ASME Code Section III, NB2300.

Bstimated end-of-life (EOL) RT,or values (for 1/4 thickness
location from the vessel ID) are also given in Table 5.3-5. The
EOL RTypr are estimated in accordance with Regulatory Guide 1.99,
Revision 1.

5.3.1.7.3 Upper Shelf Toughness Testing

Charpy V-notch upper shelf toughness testing was not required
vhen the Limerick 1 vessel was manufactured. Appendix G of
10CPRS50 requires a minimum of 70 ft-1b transverse upper shelf CVN
energy for beltline material. Branch Technical Position MTEB 5-2
indicates that 70 ft-1lbs is adegquate for fluence levels less than
1 x 10%® n/caz,

All of the Limerick 1 beltline plates were CVN impact tested as
longitudinal specimens at only one temperature, +40°P., The
lowest CVN value obtained for beltline plate was 45 ft-lb with
50% shear, and the highest was 104 ft-1lb with 70% shear. The 50%
shear value suggests there is a considerable margin remaining
before the upper shelf (i.e., 100% shear) level is reached.

Table 5.3-6 summarizes the test certificate for a representative
Limerick T beltline plate. Similar data are also documented for
all other plates. Supporting data from representative plate
materials in other BWR plants are provided in Table 5.3-7.
Compatibility of the supporting data from other BWRs, Plants A
through E, with respect to Limerick is based on criteria such as
similarity in material, fabrication, vendor source, wvelding
procedure, etc. All listed plate materials were produced by
Luken's Steel Co. These data show that plate with as low as 36
ft-1b (Plant E, heat no. C9570-1) of absorbed energy at +409P can
have longitudinal upper shelf energies in excess of 100 ft-lbs.

MTEB 5-2 states that longitudinal values should be reduced to 65%
of the test value in order to estimate transverse upper shelf.

To account for irradiation, a further shift in upper shelf
toughness can be made using Regulator Guide 1.99, Rev. 1,
resulting in a maxisum reduction of approximately 14% for the
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highest Cu content of 0.12 wtg as shown in Table 5.3-5. Using
these conservative assumptions with a goal of achieving at least
50 £ft-1lb transverse toughness at EOL, the following eguation is
derived:

50 = .65(L) - (14)[.65(L) ] (where L is unirradiated
longitudinal upper shelf value)

This equation predicts a minimum required unirradiated
longitudinal upper shelf toughness requirement of 89 ft-lbs.
Table 5.3-7 indicates that toughness in excess of 89 ft-1lbs is to
be ex ‘ected for longitudinal upper shelf of this material.

Although upper shelf testing was not required for the beltline
velds, Table 5.3-4 shows that the majority of the weld materials,
both field and shop, meet the 75 ft-1lb minimum upper shelf
requirement. Of those heats where CVN toughness tests were run
at only one temperature (usually +70°F) and the minimun
requirerent was not met, there is considerable margin for
improved properties at higher test temperatures (e.g., heat#/lot#
0718 57,8101A27A, 28 ft-1lbs and 20% shear @ +10°F). Purther
upper shelf toughness data for similar welds, made by the same
vendor as Limerick 1, are given in Table 5.3-8. Tables 5.3-9 and
5.3-10 present the typical weld procedures for this data base;
these tables summarize surveillance program weld procedures
(including that for Limerick 1) and other vessel material data
representative of the Limerick 1 beltline welds. These data are
in excess of 75 ft-1lbs at the upper shelf. Purthermore, due to
the relatively low gquantities of Cu in the Limerick 71 beltline
velds, no significant decrease in upper shelf toughness due to
irradiation is predicted.

5.3.1.8 NONBELTLINE REGION AND PERRITIC PIPING AND VALVES

This section supplements Section 5.3.1.5 in discussing the
compliance to the intent of 10CFR50, Appendix G.

5.3.1.8.1 Nonbeltline Region

Table 5.3-11 lists the estimated reference temperature (RTuer)
for various components in the vessel nonbeltline region. These
values vere derived in accordance with the intent of the ASME
Ccode Section III, Paragraph NB-2300.

5.3.1.8.2 Perritic Piping and Valves

5.3.17.8.2.%" Piping

Toughness testing of the main steam piping is in compliance with

10CPRS0 Appendix G, since it wvas tested at +70°P in accordance
with the ASME Code Section III, 1971 edition with Summer 1972

Addenda.
.3-9¢ ;
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5.3.1.8.2.2 sSafety Relief Valves

The SRVs are exempted by the ASME Code from toughness testing
because of their 6-inch size. This is consistent with 10CPRS50
Appendix G.

5.3.1.8.2.3 Plued Head Pittings

Testing of the flued head fittings is in compliance with T0CFREZO
Appendix G. These materials were impact tested in accordance
with the ASME Code Section III, 1971 Bdition with Summer 1972
Addenda. The test temperature was 0°P.

5.3.1.8.2.4 Main Steam Isolation Valves

The MSIVs were procured to meet the requirements of the 1968 ASME
Nuclear Draft for Pumps and Valves Code, which did not require
toughness testing for the subject valve material. They were
exempted because they are subjected to less than 20% of design
pressure at temperatures less than 2500P.

The Limerick 1 MSIV body materials are A216 WCB carbon steel
castings. Table 5.3-12 shows the significant chemical
composition and heat treatment of these castings. Although
impact tests were not run for Limerick 1, these materials are
considered to have adequate toughness to meet the code
requirements (i.e., 25 mils lateral expansion). ®vidence of this
design adegquacy is provided in Table 5.3-13 which presents
similar MSIV body material data from other BWR projects
identified as Projects A through F. These materials received
heat treatments equivalent to those experienced in Limerick 1.

The bonnet (i.e., cover) materials are A'05 GR.2 forgings. Table
5.3-14 lists available information for a Cann & Saul heat which
is used to fabricate the valve covers. Refer2nce 1 shows Charpy
V-notch in excess of 25 mils lateral expansion at +409F, and RT

values no greater than -109P for SA105 material normalized at
1565°P for 4 hours and air cooled after forging.

Additional toughness data for SA105 forging materials obtained
from fittings in another BWR plant is presented in Table 5.3-15.
These materials vere normalized at 16500P for 4 hours and air
cooled. The toughness data given is for longitudinally oriented
specimens wvhereas the code requirements are for transverse
specimens. However, prior GE impact test experience with carbon
steel material indicates it is appropriate to approximate
transverse properties at about 40% of the corresponding
longitudinal properties. On this basis, the data given in Table
5.3-15 demonstrates that the transverse properties meet the 25
mils lateral expansion code requirements.
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5.3.7.9 RPV SURVEILLANCE PROGRAM
This section supplements Section 5.3.1.6 in discussing the
complaince to the intent of 10CPR50, Appendix H.

The base plate and weld materials used to fabricate the
surveillance test plate are identified in Table 5.3-5. The base
metal from a core beltline plate heat No. C7689-1 was used for
surveillance test material. With respect to initial RTger and
percent of copper by weight, this material is considered
equivalent to other beltline plates and its utilization for test
plate fabrication is in compliance with current recommendations
for selection of surveillance materials. The test plate weld,
like the core beltline vertical weld seams, vas made using both
Shielded Metal Arc (SMAW) and Submerged Arc (SAW) welding
processes. The test plate weld procedure is presented in Table
5.3-10. PFor each of the two welding processes, only one heat of
veld material was used. The SAW material heat/flux No.
IP4218,/3929-989, which was also used for beltline seams BE, BA,
and BB (Pigure 5.3-7), is considered suitable for surveillance
monitoring because it represents the most limiting SAW material
in terms of shift and predicted end-of-1lif€® RTygr . The SMAW
material heat/lot 421A6811/P022A27A which wvas used for
surveillance material vas not used for production beltline welds;
however, the weight percentages of copper and phosphorus which it
contains (.09 Cu and .078 P) are generally greater than those for
actual beltline material. HMoreover, the unirradiated RTygr of
this material is equivalent to the initial RT . or of the beltline
veld materials. The CBEI weld procedure for test plate
fabrication involves utilizing stick electrode to fuse back-up
bars and completing the major volume of the weld with SAW. This
includes backgouging of the back-up bar to complete the back side
of the weld. Therefore, the test plate weld metal is essentially
submerged-arc-velded material. Table 5.3-5 indicates that all
beltline materials, both plate and weld, are highly resistant to
irradiated degradation of notch toughness.

Table 5.3-16 lists the actual number of specimens and their
orientations in each surveillance capsule (including teansile
specimens). The number and orientation of the Charby impact
specimens are consistent with the ASME requirements prior to the
issuance of the Sumamer 1972 Addenda and ASME 185-73.

Prior surveillance experience indicates the amount of radiation-
induced shift in properties measured by longitudinally oriented
specimens is applicable to equivalent transverse-oriented
specimens. Therefore, the shift when determined can be used for
the transverse RT,or values for the beltline materials.
Referring to Table 5.3-16, the longitudinal orientation of the
base metal HAZ specimens are such that they simnlate beltline
vertical seams in this manner.
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5.3.1.10 Reactor Vessel Fasteners

The reactor vessel closure head (flange) is fastened to the
reactor vessel shell flange by multiple sets of threaded studs
and nuts. The lower end of each stud is installed in a threaded
hole in its vessel shell flange. A nut and washer are installed
on the upper end of each stud. The proper amount of preload can
be applied to the studs by a seguential tensioning using
hydraulic tensioners. The design and analysis of this area of
the vessel is in full compliance with all Section III Class I
Code requirements. The material for studs, nuts, and washers is
SA-540 Grade B23 or B24. The maximum reported ultimate tensile
stress for the bolting material is 164,000 psi which is less than
the 170,000 psi limitation in Regulatory Guide 1.65. Also, the
charpy impact test recommendations of Paragraph IV.A.4 of
Appendix G to 10 CPR, Part 50 were not specified in the vessel
order since the order was placed prior to issuance of Appendix G
to 10 CcFR 50. However, impact data from the certified materials
report shows that all bolting materials meet the Appendix G
impact properties.

A phosphate coating is applied to threaded areas of studs and
nuts and bearing areas of nuts and washers to act as a rust
inhibitor and to assist in retaining lubricant on these surfaces.

5.3.2 PRESSURE-TENPERATURE LIMITS

5.3.2.1 Liait Curves

The basis for setting operational limits on pressure and
temperature for normal, upset, and test conditions for the
reactor pressure vessel is described in Section 5.3.1.5.

5.3.2.1.1 Tenmperature Limits for Boltup

A minimum temperature of 10°F is required on Limerick 1 and later
on Limerick 2 for the closure studs. A sufficient nuamber of
studs can be tensioned at a temperature between 10°F and 80°F to
seal the closure flange O-rings for the purpose of raising
reactor water level above the closure flanges in order to assist
in varaing them. The flanges and adjacent shell are required to
be varmed to minimum temperatures of 809F (Limerick Unit 1) and
later (Limerick Unit 2) before they are stressed by the full
intended bolt preload (all bolts tensioned). The fully preloaded
boltup limits are shown on Pigures 5.3-4 and 5.3-5.
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5.3.2.1.2 Temperature Limit for Preoperational Tests and Iaservice
Inservice Inspection

Based on the WRC general revision to 10CPRS0, Appendix G Document
No. [ 7590-1] Paragraph IV.A.4, th2 preoperational system
hydrostatic test at 1563 psig prior to fuel loading may be
performed at a minimum temperature of 100°P for Limerick Unit 1
without fuel in the reactor, and later for Limerick Unit 2.

These limits are established by the 40°FP maximum RT orT Of the
reactor vessel materials.

The fracture toughness analysis for system pressure tests with
fuel in the reactor yields the curves labeled A shown in Pigures
5.3-4 and 5.3-5. The curves labeled "core beltline™ are based on
an initial RT,,gr of 20°P for Limerick Unit 1 and later for
Limerick Unit 2. The predicted shift in the RTueor from Pigure
5.3-6, based on the neutron fluence at 1/4 of the vessel wall
thickness, nust be added to the beltline curve to account for the
effect of fast neutrons.

5.3.2.1.3 oOperating Limits During Heatup, Cooldown, and Core
Operation

The fracture toughness analysis is done {or the normal heatup or
cooldown rate of 100°F/hour. The temperature gradients and
thermal stress effects corresponding to this rate are included.
The results of the analyses are a set of operating limits for
nonnuclear heatup or cooldown shown as curves labeled B in
Pigures 5.3-4 and 5.3-5. Curves labeled C in these figures apply
vhenever the core is critical. The basis for the C curves is
described in GE BWR Licensing Topical Report NEDO-21778-A.

5.3.2.1.4 Reactor Vessel Annealing

Inplace annealing of the reactor vessel because of radiation
embrittlement is not anticipated to be necessary because the
predicted value of adjusted reference temperature dces not exceed
2000F (see 10 CcPR, Part 50, Appendix G, Paragraph IV.C).

5.3.2.2 QOperating Procedures

By comparison of the pressure versus teamperature limits in
Section 5.3.2.7 wvith intended normal operating procedures for the
most severe upset transient, it is shown that the limits are not
exceeded during any foreseeable upset condition. Reactor
operating procedures are established so that actual transients
are not more severe than those for which the vessel design
adegquacy has been demonstrated. Of the design transients, the
upset condition producing the most adverse teaperature and
pressure condition anywhere in the vessel head and/or shell areas
yields a minimum fluid temperature of 2500F and a maximum
pressure peak of 1180 psig. Scram automatically occurs with
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initiation of this event, prior to the reduction in f£fluid
temperature, so the applicable operating limits are given by
curve A Pigures 5.3-4 and 5.3-5. Por a temperature of 250°FP, the
maximum allowable pressure exceeds 1180 psig for the intended
margin against nonductile failure. The maximum transient
pressure of 1180 psig is therefore within the specified allowable
limits.

5.3.3 REACTOR VESSEL INTEGRITY

The reactor vessels are fabricated for CE®*s Nuclear Energy
Division by Chicago Bridge and Iron Company; and are subject to
the requirements of GE's Quality Assurance program.

Measures are established to ensure that purchased material,
eguipment, and services associated with the reactor vessels and
appurtenances conform to the requirements of the purchase
documents. These measures include provisions, as appropriate,
for source evaluation and selection, objective evidence of
quality furnished, inspection at the vendor source, and
examination of the completed reactor vessels.

GE provides inspection surveillance of the reactor vessel
fabricator®s in-process manufacturing, fabrication, and testing
operations in accordance with GE's Quality Assurance program and
approved inspection procedures. The reactor vessel fabricator is
responsible for the first level inspection of his manufacturing,
fabrication, and testing activities and GE is responsible for the
first level of audit and surveillance inspection.

Adequate documentary evidence that the reactor vessel material,
manufacture, testing, and inspection conform to the specified
guality assurance requirements contained in the procurement
specification is available at the fabricator®s plant site.

5.3.3.1 Design
5.3.3.1.1 Description
5.3.3.1.1.1 Reactor Vessel

The reactor vessel shown in Pigure 5.3-1 is a vertical,
cylindrical pressure vessel of welded construction. The vessels
for Limerick are designed, fabricated, tested, inspected, and
stamped in accordance with the ASME Code Section III, Class A
including the Summer Addenda 1969. Design of the reactor vessel
and its support system meets seismic Category I requirements.
The materials used in the reactor pressure vessel are shown in
Table 5.2-4.

The cylindrical shell and bottom head sections of the reactor
vessel are fabricated of lov-alloy steel, the interior of which
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is clad with stainless steel weld overlay. Nozzle and nozzle
weld zones are unclad except for those mating to stainless steel
piping systeas.

Inplace annealing of the reactor vessel is unnecessary because
shifts in transition temperature caused by irradiation during the
40-year life can be accommodated by raising the minimum
pressurization temperature. Radiation embrittlement is not a
problem outside of the vessel beltline region because the
irradiation in those areas is less than 1 x 10!® nvt with neutron
energies in excess of 1 MeV.

Quality control methods used during the fabrication and asseably
of the reactor vessel and appurtenances ensure that design
specifications are net.

The vessel top head is secured to the reactor vessel by studs and
nuts. These nuts are tightened with a stud tensioner. The
vessel flanges are sealed with two concentric metal seal-rings
designed to permzit no detectable leakage through the inner or
outer seal at any operating condition, including heating to
operating pressure and temperature at a maximum rate of 1008P/hr
in any one-hour period. To detect seal failure, a vent tap is
located batween the two seal-rings. A monitor line is attached
to the tap to provide an indication of leakage from the inner
seal-ring seal.

5.3.3.1.1.2 Shroud Support

The shroud support is a circular plate welded to the vessel wvall.
This support is designed to carry the weight of the shroud,
shroud head, peripheral fuel eleaments, neutron sources, core
plate, top guide, the steam separators, the jet pump diffusers,
and to laterally support the fuel asseablies. Design of the
shroud support also accounts for pressure differentials across
the shroud support plate, for the restraining effect of
components attached to the support, and for earthguake loadings.
The shroud support design is specified to meet appropriate ASME
code stress limits.

5.3.3.1.1.3 Protection of Closure Studs

The BWR does not use borated water for reactivity control. This
section is therefore not applicable.

5.3.3.1.2 Safety Design Basis

The design of the reactor vessel and appurtenances meets the
folloving safety design bases:

a. The reactor vessel and appurtenance will withstand
adverse combinations of loading and forces
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resulting from operation under abnormal and accident
conditions

b. To minimize the possibility of brittle fracture of the
nuclear system process barrier, the fcllowing are
required:

t. Impact properties at temperatures related to vessel
operation are specified for materials used in the
reactor vessel

2. Expected shifts in transition temperature during
design life as a result of environmental
conditions, such as neutron flux, are considered in
the design. Operational limitations ensure that RT T
teaperature shifts are accounted for in reactor
operation.

3. Operational margins to be observed with regard to
the transition temperature are specified for each
mode of operation.

5.3.3.1.3 Power Generation Design Basis

The design of the reactor vessel and appurtenances meets the
following power generation design bases:

a. The reactor vessel has been designed for a useful life
of 40 years.

b. External and internal supports that are integral parts
of the reactor vessel are located and designed so that
stresses in the vessel and supports that result from
reactions at these supports are within ASME Code limits.

Ce Design of the reactor vessel and appurtenances allows
for a suitable program of inspection and surveillance.

5.3.3.7.4 Reactor Vessel Design Data

The reactor vessel design pressure is 1250 psig and the design
temperature is 575°P. The maximum installed test pressure is
1563 psig.

5.3.3.1.4.7 Vessel Support

The reactor vessel support assembly consists of a ring girder and
the various bolts and shims necessary to position and secure the
asseably betveen the reactor vessel support skirt and the support
pedestal. The concrete and steel support pedestal is constructed
as an integral part of the structure foundation. Steel anchor

bolts are set in the concrete with their threads extending above
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the surface. The anchor bolts extend through the ring girder
bottom flange. High strength bolts are used to secure the flange
of the reactor vessel support skirt to the top flange of the ring
girder. The ring girder is fabricated of ASTM A-36 structural
steel according to AISC specifications.

5.3.3.1.4.2 control Rod Drive (CRD) Housings

The CRD housings are inserted through the CRD penetrations in the
reactor vessel bottom head and are welded to the reactor vessel.
Bach housing transmits loads to the bottom head of the reactor.
These loads include the weights of a control rod, a CRD, a
control rod guide tube, a four-lobed fuel support piece, and the
four fuel assemblies that rest on the fuel support piece. The
housings are fabricated of Type 304 austenitic stainless steel.

5.3.3.1.4.3 1Incore Neutron Flux Monitor Housings

Bach incore neutron flux monitor housing is inserted through the
incore penetrations in the bottom head and is welded to the inner
surface of the bottom head.

An incore flux monitor guide tube is welded to the top of each
housing and either a source range monitor/intermediate range
monitor (SRM/IRM) drive unit or a local power range monitor
(LPRM) is bolted to the seal/ring flange at the bottom of the
housing (see Sections 7.6 and 7.7).

5.3.3.1.4.4 Reactor Vessel Insulation

The reactor vessel top head insulation is designed to permit
complete submersion in water during shutdown without loss of
insulating material, contamination of the water, or adverse
effect on the insulation efficiency after draining. All reactor
vessel insulation is of the stainless steel, reflective type.

The top head insulation framework is designed to seismic Category
I requirements and is used as an anchor point for reactor vessel
head spray and vent piping.

The insulation above the reactor vessel stabilizer brackets is
close-fitting, freestanding insulation designed to be 100g
removable for inservice inspection of the reactor vessel.

The insulation below the stabilizer brackets is suspended from
the brackets to allow a minimum of 8 inches annular clearance
between the reactor vessel and the insulation for remote
inservice inspection of the reactor vessel. The suspended
insulation is also equipped with removable access ports.

Reactor vessel bottom head insulation includes horizontal flat
panels connected to a cylindrical shell covering the inside of
the reactor support skirt. The top row of the cylindrical shell
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panels are remcovable to expose the bottom head for inservice
inspection.

Quick removable insulation is provided around all reactor vessel
nozzles to allow manual or remote automatic examination of
nozzle-to-vessel and nozzle-to-piping welds.

5.3.3.1.4.5 Reactor Vessel Nozzles

All piping connected to the reactor vessel nozzles is designed to
not exceed the allowable loads on any nozzle.

The vessel top head nozzles are provided with a flange with large
groove facings. The drain nozzle is of the full venetration weld
design. The recirculation inlet nozzles (located as shown in
Pigure 5.3-1), feedwater inlet nozzles, the RHR low pressure
coolant injection inlet nozzles, and the core spray inlet nozzles
all have tharmal sleeves.

Nozzles connecting to stainless steel piping have safe ends made
of stainless steel or Inconel/ASME Ccode Section III, SB-166 .
These safe ends are welded to the nozzles after the pressure
vessel has been heat treated to avoid furnace sensitization of
the stainless steel safe ends. The material used is compatible
with the material of the mating pipe.

The nozzle for the standby liquid control injection pipe is
designed to minimize thermal shock effects on the reactor vessel,
if the use of the standby liquid control system is required.

5.3.3.1.4.6 Materials and Inspections

The reactor vessel is designed and fabricated in accordance with
the appropriate ASME Code as defined in Section 5.2.1. Table
5.2-4 defines the materials and specifications. Section 5.3.1.6
defines the compliance with reactor vessel material surveillance
program requirements.

5.3.3.1.4.7 Reactor Vessel Schematic (BWR)

The reactor vessel schematic is contained in Pigure 5.3-1. Trip
system vater levels are indicated as shown in Figure 5.3-2.

5.3.3.2 Materials of Comstruction

All materials used in the construction of the RPV conforam to the
requirements of ASME Code Section II materials. The vessel
heads, shells, flanges, and nozzles are fabricated from low-alloy
steel plate and forgings purchased in accordance with ASME
specifications SAS533 Grade B Class I and SA508 Class 2. Special
requirements for the low-alloy steel plate and forgings are
discussed in Section 5.3.1.2. Cladding employed on the interior

5.3-15 ) A\ n=acrps
DRAF ]




LGS PSAR

surfaces of the vessel consists of austenitic stainless steel
weld overlay.

These materials are selected because they provide adegquate
strength, fracture toughness, fabricability, and compatibility
with the BWR environment. Their suitability is demonstrated by
long-term successful operating experience in reactor service.

5.3.3.3 Pabrication Methods

The RPV is a vertical, cylindrical pressure vessel of welded
construction fabricated in accordance with ASME Section III,
Class I requirements. All fabrication of the RPV is performed in
accordance with GE approved drawings, fabrication procedures, and
test procedures. The shell and vessel head are made from formed
low-alloy steel plates, and the flanges and nozzles from low-
alloy steel forgings. Welding performed to join these vessel
components is i~ accordance with procedures gqualified in ASME
Section III and IX requirements. Weld test samples are required
for each procedure for major vessel full penetration welds.

Submerged arc and manual stick electrode welding processes are
eaployed. Electroslag welding is not permitted. Preheat ard
interpass temperatures employed for welding of low-alloy steel
meet or exceed the requirements of ASME Code Sectiom III,
subsection NA. Postweld heat treatment of 1100°F minimum is
applied to all lowv-alloy steel wvelds.

All previous BWR pressure vessels employed similar fabrication
methods. These vessels have operated for periods of up to 16
years and their service history is excellent.

The vessel fabricator, Chicago Bridge and Iron Co., has had
extensive experience with GE reactor vessels dating back to 1966.
CBI Nuclear Co. was formed in 1972 from a merger agreeament
between Chicago Bridge and Iron Co. and GE and has continued as
the primary supplier for GE domestic reactor vessels.

5.3.3.4 Inspection Requirements

All plate, forgings, and bolting were 100% ultrasonically tested
and surface examined by magnetic particle methods or ligquid
penetrant methods in accordance with ASME Code Section III
requirements. Welds on the reactor pressure vessel vere examined
in accordance with methods prescribed and meet the acceptance
requirements specified by ASME Code, Section III. In addition,
the pressure retaining welds were ultrasonically exaamined in
accordance with ASME Code, Section XI requiresents prior to
shipping.
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5.3.3.5 shipment and Installation

The Limerick reactor vessels were assembled at the site. Methods
and procedures are discussed in the PSAR, Appendix G. Suitable
measures were taken during installation to ensure that vessel
integrity was maintained; for example, access controls wvere
applied to personnel entering the vessel, weather protection was
provided, and periodic cleanings vere performed.

5.3.3.6 Qperating Conditions

Procedural controls on plant operation are iaplemented to hold
thermal stresses within acceptable ranges. These restrictions on
coolant temperature are:

a. The average rate of change of reacter coolant
temperature during normal heatup and cooldown shall not
exceed 1009P during any one-hour period.

b. If the coolant temperature difference between the dome
(inferred from Pgar ) and the bottom head drain exceeds
145°P, the reactor recirculation pumps shall not be
started, and neither reactor power nor recirculation
pump flow shall be increased.

Ce The puap in an idle reactor recirculation loop shall not
be started unless the coolant temperature in that loop
is within 50°F of average reactor coolant temperature.

The limit regarding the normsal rate of heatup and cooldown (item
a.) ensures that the vessel closure, closure studs, vessel
support skirt, and CRD housing and stub tube stresses and usage
remain within acceptable limits. The limit regarding a vessel
temperature limit on recirculation puamp operation and powver level
increase restriction (item b.) augments the item a. limit in
further detail by ensuring that the vessel bottom head region is
not varmed at an excessive rate caused by rapid sweep out of cold
coolant in the vessel lower head region by recirculation pump
operation or natural circulation (cold coolant can accumulate as
a result of control drive inleakage and/or low recirculation flow
rate during startup or hot standby). The item c limit further
restricts operation of the recirculation puaps to avoid high
thermal stress effects in the puaps and piping, while also
minimizing thermal stresses on the vessel nozzles.

The above operational limits are maintained to ensure that the
stress limits within the reactor vessel and its components are
vithin the thermal limits to which the vessel is designed for
normal operating conditions. To maintain the integrity of the
vessel if these operational limits are exceeded, the reactor
vessel is also designed to withstand a limited number of
transients caused by operatcr error. Also, for abnormal
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operating conditions where safety systeamas or controls provide an
automatic temperature and pressure response in the reactor
vessel, the reactor vessel integrity is maintained since the
severest anticipated transients are included in the design
conditions. Therefore, it is concluded that vessel integrity is
maintained during the most severe postulated transients, since
all such transients are evaluated in the design of the reactor
vessel. The postulated transient for which the vessel has been
designed is shown in Pigure 5.2-5 and discussed in Section 5.2.2.

5.3.3.7 1Inservice Surveillance

Inservice inspection of the RPV is in accordance with the
reguirements of the 1974 Edition of the ASME BEPV Code, Section
XI, including the Summer 1975 Addenda. The vessel is examined
once prior to startup to satisfy the preoperational requirements
of the ASME Code, Section XI. Subsequent inservice inspection is
scheduled and performed in accordance with the requirements of 10
CFR Part 50.55a, Subparagraph (g).

The materials surveillauce program monitors changes in the
fracture toughness properties of ferritic materials in the
reactor vessel beltline region resulting from their exposure to
neutron irradiation and the thermal environment. Specimens of
actual reactor beltline material are exposed in the reactor
vessel and periodically withdrawn for impact testing. Operating
procedures are modified in accordance with test results to easure
adequate brittle fracture control.

Material surveillance programs and inservice inspection programs
are in accordance with applicable ASME code requirements, and
provide ensurance that brittle fracture control and opressure
vessel integrity are maintained throughout the service life of
the RPV.

Inservice inspection and testing of the reactor coolant pressure
boundary is discussed in detail in Section 5.2.4.

5(3.4 REPERENCE
7. HMetal Progress, July 1978, pp. 35-39.

DRAFT
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TABLE S.3-1a

(Fage 1 of )

APPENDIX G MATRIX FOR LIMERICK UNIT 1

APPENDIX G
PARA. NO.

111.8.2

11r.e.3

111.8. 8

111.8.5
Ir.c.y
1i.c.2

IV.ALY

IV.A.2.a

cowwry
YES/. ALTERNATE ACTIONS
TOPIC OR N/A OR COWMENTS

Introduction; definitiona - -

Compliance With ASME Code, Section Yes See Section 5.3.1.5.1.2 for discussion

NB-2300

Location and orientation of impact Yes See 111.A, above.

test specimens

Materials used to prepare test No Compliance except for CVN orientation and CVN upper

specimens shelf

Calibration of temperature, NO Paragraph NB-2360 of the ASME BLPV Code Section 111

instrumentation, and Charpy test was not in existence at the time of purchase of the

machines Limerick Unit 1 RPV. However, the requirements of the
1971 edition of the ASME BEPV Code, Section 111
Sunmer 1971 addenda, are met. For the discussions
of the GE interpretations of compliance and NR(
acceptance see Refs ' and 2. The temperature instru-
ments and Charpy test machines calibration data are
retained until the next calibration. This is in
accordance with Reg Guide 1.88 Rev 2, GE Alternative
Position 1.88 {see Section 1.8) and ANSI NG5.2.9, 197,
Therefore, the instrument calibration data for
Limerick Unit 1 are not currently available.

Qualification of testing personnel No No written procedures were in existence as now required
by the regulation; however, the individuals were
qualified by on-the-job training and past experience.
For a discussion of the GE interpretation of com-
pliance and NRC acceptance see Refs 1 and 2.

Test results recording and certification Yes See Refs 1 and 2.

Test conditions No See IILI.A, I11.8B.2, above.

Materials used to prepare test specimens Yes Compl iance -n base metal and weld metal tests.

for reactor vessel beltline Test welds are not necessarily made on the same heat
as that of the base plate.

Acceptance standard of materials - o

Calculated stress intensity factor Yes -
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TABLE S5.3-1a (Cont'd) (Page 2 ot 1)
COMPLY
APPENDIX 3 YES/NO ALTERNATE ACTIONS
PARA. NO. TOPIC OR N/A OR COMMENTS
IV.A. 2.0 Requirements for noxzles, flanges and NO Plus 60°F added to the RTupr for the reactor vessel
shell region near geometric flanges. For feedwater noxzles, the results of the
discontinuities BWR/6 analysis are adjusted to Limerick unit 1 RTNDT
conditions,
IV.A 2.¢c RPV metal temperature requirement No Regulation change in process (See LTR NEDO-217784)
when core is critical
IV.A.2.4 Minimum permissable temperature during Yes
hydro test
IV.ALD Materials for piping, pumps, and valves No See Section 5.2.3.3.1.
IV.ALS Materials for bolting and other fasteners Yes Meet requirements for closure studs at 10°F
V.8 Minimum upper shelf energy for RPV belt- No No upper shelf tests run. lowever, recommend
line acceptance based on lowest CVUN for plate of
45 ft-1b (L) at +80°F with SO% shear and Cu of
0.11 to 0.12% which by Regulatory Guide 1.99
indicates shelf decrease of only 14%. Lowest
CVNs for welds are 35 ft-1b and 50% shear of
*10°F, and 31 ft-1b and 30% shear at +10°F
with Cu of 0.02 to 0.09% which by Regulatory
Guide 1.99 Indicates shelf decrease of only 11¥.
End-of-1ife upper shelf values (100% shear) are
predicted to be In excess of 50 ft-1b based on the
preceding data. Upper shelf tests will be run
on -unzllanm specimens to verify adequacy.
v.c Requirement for annealing when NA
RTnpT 2200°F
V.A Requirements for material .- See Table 5.3-1b
surveillance program
v.B Conditions for continued operation Yes Meet requirements of IV.A.2
v.C Alternative if V.P. cannot be NA
satisfied
v.D Rejuirement for RPV thermal NA

annealing if V.C. cannot be
met
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TABLE 5.3-1a (Cont*d)

(Page 3 of )

COMPLY
APPENDIX G YES/NO ALTERNATE ACTIONS
PARA. NC. TOPIC OR N/A OR COMMENTS
V.E Reporting requirement for V.C and V.D NA

References

€3)  Letter MFN-814-77, G.G. Sherwood (GE) to Edson G. Case (NRC) dated October 17, 9.
€3) Letter, Robert B. Minogue (NRC) to G.G. Sherwood (GE) dated February 18, 1978,
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