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QUESTION 110.1

GE indicated that a dynamic analysis method from the currently
acceptable seismic analysis procedures will be used for
calculating piping and component response to the pool swelling
loads. The use of time history force-response calculations is
acceptable. However, further justification is needed if either
of the following methods are used:

(1) Sstatic analysis using dynamic load factor,
(2) Modal superposition using response spectra.

During discussions at the Mark II owners meeting it was
concluded that the method of using response spectra definitely
shall not be applied to piping and components under hydraulic
loads in areas directly effected by pool dynamics. Clarify
circumstances under which various mentioned methods will be
applied in calculating piping and component response and
specify types of information needed for each case. If response
spectra will be used for calculating response due to support
movement only, provide justification for such application.

RESPONSE:
Please refer to the generic response to NRC Question MEB 1

provided by GE in a May 5, 1978 letter from L. J. Solson (GE)
to J. T. Knight (NRC).
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QUESTION 110.2

GE indicated the OBE damping of R.G. 1.61 will be used for the
upset plant condition and SSE damping for the emergency and
faulted plant conditions. The level of damping used should
generally be associated with the piping and component service
stress limit. Verify that SSE damping will only be used when
Service level D stresses are designated, and that OBE damping
will be used for all the other cases.

RESPONSE:
Please refer to the generic response to NRC Question MEB 2

provided by GE in a May 5, 1978 letter from L. J. Solson (GE)
to J. T. Knight (NRC).

Rev. 46, 06/93 110.2-1



SSES-FSAR

QUESTION 110.3

GE has indicated that for piping the SRSS method is expected to
be used to combine the primary and secondary stresses resulting
from a given dynamic event (i.e. inertia effects and relative
displacement effects of a seismic event) because the response
are sufficiently different in frequency content to be so
combined. Since this procedure is not specifically covered by
the typical example in NB-3600 of the ASME code, and an inquiry
to the ASME Boiler & Pressure Committee did not produce
conclusive results, verify your position to conform with future
resolution of SRSS application, which is currently under
separate generic review. For expediting the licensing process
verify your intention to provide justification on a case by
case basis when absolute sum is not used.

RESPONSE:
Please refer to the generic response to NRC Question MEB 3

provided by GE in a May 5, 1978 letter from L. J. Solson (GE)
to J. T. Knight (NRC).
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QUESTION 110.4

GE has indicated that seismic slushing loads were also
considered in the OBE and SSE effects on the piping and
components. However, such loads are not addressed in the DFFR.
Provide definitions of such slushing 1loads and their
appropriate combinations with other loadings or verify that
such information will be provided for your plant.

RESPONSE :

Refer to the response to question 21.73.
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QUESTION 110.5

Since LOCA + SSE is a required load set specified in the DFFR
and annulus pressurization is a part of LOCA induced loading,
verify that the annulus pressurization loading will be treated
consistently for combination with SSE loading or if not provide
justification.

RESPONSE:
Please refer to the generic response to NRC Question MEB 7{a)

provided by GE in a May 5, 1978 letter from L. J. Solson (GE)
to J. T. Knight (NRC).
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QUESTION 110.6

Investigate "OBE + SRV to level B limits" and compare with the
proposed "OBE + SRV to level C limits" to determine the more
controlling event for piping and component design. The SRV
would be typical of the number of valves needed following a
turbine trip resulting from an OBE.

RESPONSE:
Please refer to the generic response to NRC Question MEB 7(b)

provided by GE in a May 5, 1978 letter from L. J. Solson (GE)
to J. T. Knight (NRC).

Rev. 46, 06/93 110.6-1



SSES-FSAR

UESTION_110.7

Provide function verification when stress exceeds Service level
C for Class 1 and level B for Class 2 and 3 piping components
especially at tees, elbows and areas of structural
discontinuity. We feel that meeting code limits does not
necessarily assure functioning. For ASME Class 1 piping, the
B indices, when used in Code Equation (9) and with the 1.5 Sm
limit, are intended to restrict combinations of loading to
those that are 1less than two-thirds of the 1limit 1load
combinations. Therefore, when Equation (9) is used with the
Service Limit C and D the 1limit load may be exceeded.
Furthermore, the ASME Code Class 2 and 3 stress indices are
based upon fatigue considerations, rather than limit loading.

You also referred to Paragraph NA 2142.2 of the ASME Code that
discusses large deformations which are possible in areas of
structural discontinuity stressed to Service Limit C and gross
general deformations which are possible at Service Limit D.
Although this does not imply that large deformations will occur
in every case where Service Limit B is exceeded, it is our
position that an approach such as the following be used:

You should examine areas of structural discontinuity, in the
context of the geometry and stresses in the system in which
they exist, to insure that structural collapse cannot occur at
either the equipment nozzles or in the piping. Examples of
possible collapse modes are situations, such as:

(1) A piping system with a cantilevered length of
straight pipe where the formation of one hinge would
lead to gross plastic deformation, and

(2) A piping system with two anchors, where three pointe
stressed to Service Limits C or D could form hinges
and lead to gross plastic deformation.

If a possible collapse mode is identified a sufficiently
detailed analysis should be performed to insure that functional
capability is not impaired.

For further explanation of our position on Service Limits,
operability assurance, and functional capability, see
Attachment 1.

The November 10, 1977 report by Sargent & Lundy is inadequate

to verify functional capability of ASME piping components due
to the following reasons:
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(1) The report does not adequately address the differences in
material properties between carbon steel and stainless
steel, which is substantially weaker in load bearing
capability.

(2} The report relies heavily on the limited test data of
reference 5, which did not provide any measurement on
actual yield strength of the piping material. The use of
yield stresses specified by code, the lower bound valves,
may overly estimate the margins and cause non-conservative
results.

RESPONSE:

Please refer to the generic response to NRC Question MEB 8
provided by GE in a May 5, 1978 letter from L. J. Solson (GE)
to J. T. Knight (NRC).
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QUESTION 110.8
Expand Sections 3.6.2.1.1.1a through d (page 3.6-10) and
3.6.2.1.1.b 1 through 3 (pages 3.6-1la and 12) to indicate the

plant operating conditions to be considered in the evaluation
of equations (10), (12), and (13) of NB-3653.

RESPONSE:

For response, see Subsections 3.6.2.1.1. a, b, ¢, and d; and
3.6.2.1.1.b. 1 through 4).
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QUESTION 110.9

Expand Sections 3.6.2.1.1.1e (Page 3.6-10) and 3.6.2.1.1.b 4
(page 3.6-12) to indicate that the maximum stress range is
calculated by the sum of equations (3) and (10) of NC-3652.
RESPONSE :

For response, refer to Subsections 3.6.2.1.1.1., part e and
3.6.2.1.1.b, parts 5 and 6).
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QUESTION 110.10

It is the Staff’s position that piping between the containment
isolation valves for which no breaks are postulated shall
receive a 100 percent volumetric examination of all
circumferential, longitudinal, and branch to main run welds
during each inspection interval (IWA-2400 of the ASME Code) .

Expand Sections 3.6.2.1.1.7 (page 3.6-11), 3.6.2.5.1.2 (page
3.6-11), 5.2.4.7 (page 5.2-40) and 6.6.8 (page 6.6-4) to
provide a commitment to such an augmented inservice inspection
program.
RESPONSE:

For response see revised Subsections 3.6.2.1.1, 5.2.4.7 and
6.6.8.
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UESTION 110.11

Expand Sections 3.6.2.1.1.bl through 3 (pages 3.6-1la and 12)
and 3.6.2.1.1.b4 (page 3.6-12) to indicate how postulated pipe
break locations are chosen when less than two intermediate
locations are required by the stress and usage factor criteria.

RESPONSE :

For response, see Subsection 3.6.2.1.1.b, parts 4, 6 and 8.
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QUESTION 110,12

Complete Section 3.6.2.1.1.b4 (page 3.6-12) by indicating the
subscripts in the expression at the end of the section.

RESPONSE :

For response, see Subsection 3.6.2.1.1.b, Part 5.
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QUESTION 110.13

Expand Sections 3.6.2.1.1.a and b (pages 3.6-11 through 12) to
indicate the criteria used for postulating break locations in
high energy piping not designed to seismic Category I
standards.

RESPONSE :

For response, refer to Subsection 3.6.2.1.1.b, parts 7 and 8.
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UESTION 110.14

Expand Section 3.6.2.1.2.2 (pages 3.6-12a and 13) to indicate
the criteria used for postulating cracks in moderate energy
ASME Class 1 piping.
RESPONSE:

Refer to Subsection 3.6.2.1.2, parts 2 and 4 for response.
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QUESTION 110.15

Expand Sections 3.6.2.1.2.2 (pages 3.6-12a -and 13) and

3.6.2.1.2.4

(page 3.6-13) to include a definition of maximum

stress range.

RESPONSE:

Refer to Subsection 3.6.2.1.2, parts 2) and 4) for response.
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QUESTION 110.16

Expand Sections 3.6.2.1.2 (pages 3.6-12a and 13) to indicate
the criteria used for postulating cracks in moderate energy
piping not designed to seismic Category I standards.

RESPONSE :

For response, see Subsection 3.6.2.1.2, part 5.
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QUESTION 110.17

Expand Sections 3.6.2.1.3 (pages 3.6-13 and 14) and
3.6.2.1.4.6.4¢ (pages 3.6-17 and 18) to indicate how
consideration of the maximum stress range is used to exempt
certain break orientations when the postulated break location
is due to a usage factor in excess of 0.1.

RESPONSE:
Both circumferential and longitudinal breaks are postulated in
fluid system piping other than the Recirculation piping system

when the postulated break location is due to a usage factor in
excess of 0.1 as discussed in Subsection 3.6.2.1.1.
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QUESTION 110.18

Section 3.6.2.1.4.3 (page 3.6-15) states that a "...pipe break
or crack outside the containment (is not) postulated
concurrently with a postulated pipe break inside containment."

Section 3.6.1.1 (first paragraph on page 3.6-2) states that "A
design basis for Susquehanna SES is that a postulated pipe
break inside containment (up to and including a rupture of the
recirculation piping), in conjunction with the SSE,...will not
prevent the plant from..."being able"...to shut down the
reactor safely and maintain it is a safe shutdown condition."

Regolve the conflict between these two sections recognizing
that an SSE is assumed to cause the failure of piping which is
not designed to seismic Category I standards.

RESPONSE :

BTP APCSB 3-1 paragraph B.3.a., titled Analysis_and Effects of
Postulated Piping Failuregs states that "..,.each...break in
high-energy fluid system piping or leakage crack in moderate-
energy fluid system piping should be considered separately as
a single postulated initial event occurring during normal plant
conditions." For purposes of piping failure analysis only one
initial event is postulated during pormal plant conditions.
That is, for any single postulated seismic Category I or II
pipe break, the plant is assumed to be in a normal plant
condition (no SSE) with only that single postulated pipe break.

For conservatism and defense-in-depth, SSES has committed to
the design basis stated in Subsection 3.6.1.1 of the FSAR that
for inside the containment pipe breaks would be postulated in
conjunction with an SSE. But once again for this particular
case, only a single pipe break (the LOCA) was considered in the
evaluation of the piping failure.

It should be pointed out that the combination of a LOCA and an
SSE is used as a loading combination for the design of systems,
components and structures required to bring about a safe
shutdown. But except as noted above, this combination is not
used to analyze the effects of postulated piping breaks. 1In
all cases the design basis includes the requirement to be able
to bring the reactor to a safe shutdown and maintain it in a
safe shutdown condition without taking credit for operation of
non-seismic Category I equipment.
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QUESTION 110.19

Section 3.6.1.4.4 (page 3.6-15) identifies the criteria used to
exempt certain postulated pipe breaks from consideration of
pipe whip.

Verify that the other affects (such as Jjet impingement,
pressure, temperature, humidity, wetting of all exposed
equipment, flooding) of such breaks are considered.

RESPONSE:

See revised Subsection 3.6.1.4.4.
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QUESTION 110.20

Expand Section 3.6.2.1.4.6.(5) (page 3.6-18) to describe the
"mechanistic approach" used to justify longitudinal breaks with
a break area less than the flow area of the pipe.

RESPONSE :
The "mechanistic approach” was not used in the analysis of
longitudinal breaks postulated in recirculation system piping.

In all cases the equivalent longitudinal break area was taken
to be the flow area of the pipe.
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QUESTION 110.21

Expand Section 3.6.2.2.2.1.3 (page 3.6-20) to describe the
"experimental data or analytical theory" used to justify crack
opening times exceeding one millisecond.

RESPONSE :

For recirculation system piping postulated breaks, crack
opening times were assumed to be not more than one millisecond.
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QUESTION 110.22

Expand Section 3.6.2.2.2.a.6 (page 3.6-24) and
3.6.2.3.2.2.1a(ii) (page 3.6-27) to indicate what limits will
be used, and how they will be used, to ensure operability of
essential components.

RESPONSE:

One of the motor operated gate valves in the recirculation
piping system may be required to operate during accident
conditions. To ensure operability, combination of analysis and
testing of the discharge gate valve is described below:

In the recirculation loop, only recirculation discharge gate
valves are required to be operable for the safe shutdown of the
plant in the case of a recirculation line suction nozzle break.
Analysis results of the valve body, bonnet and yoke under the
limiting loading conditions indicate that the deformations do
not exceed the elastic limit of the materials. Hence, this
assures that the components will return to their original
position after the loads are removed. Since these discharge
valves are required to operate after the LOCA induced loads are
not present, the operability of the valve is assured. In
addition, the representative Susquehanna SES motor operators
designated by the vendor as one SMB family have been qualified
for operability under expected environments and loading
conditions. Therefore the above analysis and testing
adequately assures that the recirculation loop discharge gate
valve will be operable when required to operate.

During the LOCA loading on the valve, there is no binding that
prevents valve operation when the LOCA load is released.

See alsoc response to Question 110.45.
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QUESTION 110.23

Expand Sections 3.6.2.2.2 (pages 3.6-20 through 25), 3.6.2.3 (pages 3.6-25 through 30)
and 3.6.2.5.1.4 (page 3.6-31) to describe the protection criteria for the effects due to jet
impingement.

RESPONSE:

Subsection 3.6.1.1 provides a description of the protection criteria for the effects due to
jet impingement; specifically that portion that reads:

The failure of piping containing high energy fluid may lead to damage of surrounding
systems and equipment. The effects of such a failure including pipe whip, fluid jet
impingement, flooding, compartment pressurization, and environmental effects require
special consideration to ensure the following:

a) The ability to shut down the reactor safely and maintain it in a safe shutdown
condition.

b) Containment integrity.

c) A pipe break which is not a loss of reactor coolant must not cause a loss of
reactor coolant.

d) Resultant doses are below the guideline values of 10CFR50.67.

This criteria is applicable to those piping systems described in Subsection 3.6.2.2,
3.6.2.3, and 3.6.2.5 as well as all other high or moderate energy piping systems.
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QUESTION 110,24

Expand Section 3.6.2.3.1 (pages 3.6-25 and 26) to indicate how
maintaining stress below the yield strength of the material
ensures operability of the valve.

RESPONSE :

For response, see Subsection 3.6.2.3.1, Dynamic Analysis
Methods to Verify Integrity and Operability.
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QUESTION 110.25

Expand Section 3.6.2.3.2.2.(2) (page 3.6-28) to indicate what
and how the displacement effects on structures and other
systems and components are analyzed.

RESPONSE:

See revised Subsection 3.6.2.3.2.2.

Pipe displacements for the postulated ruptures of the
Recirculation Piping System after the postulated break
locations have been provided.

Pipe displacement effects on components (nozzles, valves, tees,
etc.) which are in the same piping run that the break occurred

in are addressed in section 3.6.2.3.2.2 (see response to
0 110.22).
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QUESTION 110.26

Sections 3.6.2.5.2.1 (page 3.6-31) and 3.6.2.5.2.3 (page 3.6-
32) are indicated as "“Later." Provide a schedule for their
inclusion in the FSAR.

RESPONSE :

See revised Subsection 3.6.1 and 3.6.2.
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QUESTION 110.27

It is the Staff’s position that a branch connection to a main
run need not be considered as a terminal end when all of the
following are met:

(1) The branch and main runs are of comparable size and
fixity (i.e., the nominal size of the branch is at least
one half of that of the main);

(2) The intersection is not rigidly constrained to the
building structure; and

(3) The branch and main runs are modeled as a common piping
system during the piping stress analysis.

Expand the definition of "Terminal Ends" in Section 3.6.3 (page
3.6-33) to correspond with this definition.

RESPONSE:

For response, see Subsection 3.6.3.

The identification of branch runs and terminal ends is
consistent with the intent of Regulatory Guide 1.46 and AND
Standard 58.2. For the GE scope of supply recirculation piping

system, the criteria of items 1, 2 and 3 in Question 110.27,
are satisfied, without exceptions.
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QUESTION 110.28

Expand Table 3.6-1 to include the following systems:
(1) Main stream drains
{2) Head vent
(3) Head spray

RESPONSE:

Systems (1) and (2) have been added to revised Table 3.6-1.
System (3) is listed in the table under "Residual Heat Removal"
system.
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Figures 3.6-1, 3.6-1A, 3.6-1B, 3.6-1C, 3.6-1D, 3.6-2, 3.6-3,
3.6-4, 3.6-5, 3.6-6, 3.6-7, 3.6-8, 3.6-8a.1, 3.6-8a.2,
3.6-8a.3, 3.6-8b, 3.6-8c, 3.6-8d, 3.6-8e, 3.6-9 and 3.6-14 are
indicated as "Later."™ Provide a schedule for their inclusion
in the FSAR.

RESPONSE :

See revised Figures 3.6-1, 3.6-1A, 3.6-1B, 3.6-1C, 3.6-1D,
3.6-2, 3.6-3, 3.6-4, 3.6-5, 3.6-6, 3.6-7, 3.6-8, 3.6-8a.1,
3.6-8a.2, 3.6-8a.3, 3.6-8b, 3.6-8c, 3.6-84 and 3.6-8e.

Figure 3.6-9 has been intentionally left blank.

Figure 3.6-14 has been provided.
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QUESTION 110.30

Provide a listing of moderate energy lines as required by
Section 3.6.1.2 of the Standard Format (Regulatory Guide 1.70,
Revision 2).

RESPONSE :

See revised Subsection 3.6.1.2.
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UESTION 110.31

Appendix 3.6A (last paragraph on page 3.6A-10) cites a draft
ANSI Standard as the method of calculating break flow rates,
As such draft documents are subject to frequent changes during
their development, they are not acceptable as a reference.
Therefore, expand the appropriate section to specifically
identify the criteria used.

RESPONSE:

For this information refer to Section 3.6A,.
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QUESTION 110.32

This question replaces item 112.6 which is deleted. Previous
analyses for other nuclear plants have shown that certain
reactor system components and their supports may be subjected
to previously underestimated asymmetric 1loads under the
conditions that result from the postulation of ruptures of the
reactor coolant piping at various locations. It is therefore
necessary to reassess the capability of these reactor system
components to assure that the calculated dynamic asymmetric
loads resulting from these postulated pipe ruptures will be
within the bounds necessary to provide high assurance that the
reactor can be brought safely to a cold shutdown condition. The
reactor system components that require reassessment shall
include:

Reactor pressure vessel

Core supports and other reactor internals
Control rod drives

ECCS piping that is attached to the primary
coolant piping

e. Primary coolant piping

f. Reactor vessel supports

Q00w

The following information should be included in the FSAR about
the effects of postulated asymmetric LOCA loads on the above-
mentioned reactor system components and the various cavity
structures.

1. Provide arrangement drawings of the reactor vessel
support systems in sufficient detail to show the
geometry of all principal elements and materials of

construction.
2. If a plant-specific analysis will not be submitted for
your plant, provide supporting information to

demonstrate that the generic plant analysis under
consideration adequately bounds the postulated
accidents at your facility. Include a comparison of
the geometric, structural, mechanical, and thermal-
hydraulic similarities between your facility and the
case analyzed. Discuss the effects of any differences.

3. Consider all postulated breaks in the reactor coolant
piping system, including the following locations:

a. Steam line nozzles to piping terminal ends.

b. Feedwater nozzle to piping terminal ends.

c Recirculation inlet and outlet nozzles to
recirculation piping terminal ends.
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Provide an assessment of the effects of asymmetric pressure
differentials! on the systems and components listed above in
combination with all external loadings including safe shutdown
earthquake loads and other faulted condition loads for the
postulated breaks described above. This assessment may utilize
the following mechanistic effects as applicable.

a. limited displacement break areas

b. fluid-structure interaction
c. actual time-dependent forcing function
d. reactor support stiffness
e. break opening times
4. If the results of the assessment in item 3 above

indicate loads leading to inelastic action in these
systems or displacement exceeding previous design
limits, provide an evaluation of the inelastic behavior
(including strain hardening) of the material used in
the system design and the effect on the 1load
transmitted to the backup structures to which these
systems are attached.

5. For all analyses performed, include the method of
analysis, the structural and hydraulic computer codes
employed, drawings of the models employed, and
comparisons of the calculated to allowable stresses and
strains or deflections with a basis for the allowable
values,

6. Demonstrate that active components will perform their
safety function when subjected to the combined loads
resulting from the loss-of-coolant accident and the
safe shutdown earthquake.

7. . Demonstrate the functional capability of any essential
piping when subjected to the combined loads resulting
from the loss-of-coolant accident and the safe shutdown
earthquake.

' Blowdown jet forces at the location of the rupture (reaction forces}, transient differentisl
' pressures in the annular region between the component and the wall, and transient differential
pressures across the core barrel within the reactor vesse!.
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RESPONSE:

Section 3.9 of the FSAR has been revised to reassess the
capability of specific reactor system components to withstand
calculated dynamic asymmetric loads resultant to postulated
ruptures of the reactor coolant piping. The Susquehanna SES
analyses is plant specific for all General Electric scope
reactor components. The submittal is patterned after the
LaSalle submittal (Docket Nos. 50-373 and 374) and addresses
the areas of concern identified in the question,

In addition, see revised Appendix 6A, Tables 6A-1{a), 6A-1(b),

6A-1cc), and 6A-1(d), and Figures 6A-1(a), 6A-1(b), 6R-2, 6A-
3g, 6A-3h, 6A-3i, 6A-3j, 6A-3k, 6A-31, 6A-9 and 6A-10.
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QUESTION 110.33

Your response to 110.2 referenced the generic Mark II response
of May 5, 1978, to NRC question MEB-2. This response is not
completely acceptable to the staff. We feel that the level of
damping used should be associated with the piping and component
service stress limit. The staff position was originally
included in Enclosure 5 of the NRC Mark II Generic Acceptance
Criteria transmitted by letter in September, 1978 to the three
Lead Plants, Zimmer, LaSalle, and Shoreham., The staff position
is repeated below:

(1) Use OBE damping when Service Limits A or B are
designated.

(2) Use SSE damping only when Service Limits C or D are
designated.

RESPONSE:

The level of damping used in the piping analysis is in
accordance with the stated staff position, i.e.,

1) OBE damping valves as given in Regulatory Guide 1.61 are
used for load cases with acceptance criteria service
limits A or B.

2) SSE damping valves as give in Regulatory Guide 1.61 are
used for load cases with acceptance criteria service
limits C or D.

The damping values used in the piping analysis for OBE and SSE
are 0.5 and 1.0 percentage of critical damping, respectively,
as given in FSAR Section 3.7b, Table 3,7b-2.

For NSSS systems Regulatory Guide 1.61 establishes two levels
of damping which are to be used in dynamic¢ analysis. These two
levels are related to conditions of design where the maximum
nominal stresses are either 1/2 yield or beyond yield. The
R.G. illustrates that OBE seismic loading is required to be no
higher than normal or upset (Service Limit B) plant conditions;
therefore, the wuse of 1/2 yield 1level of damping is
appropriate. The SSE seismic loading is at faulted (Service
Limit D) plant conditions where stresses are allowed to be at
or exceeding the yield; therefore, the use of the higher
damping level is appropriate.

To extend this concept to other combinations of dynamic
loadings, the important unifying concept is the allowable
stress levels. The ASME code has specified the component
allowable stress levels for emergency and faulted conditions to
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f

be at or above the material yield stress. Upset condition
allowables are intended to correspond to below material yield
stress. Thus the OBE and other dynamic events defined as an
upset (Service Limit B) plant condition should use the lower
damping value, while the SSE and other dynamic events defined
as emergency (Service Limit C) or faulted (Service Limit D)
conditions should use the higher damping value.
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QUESTION 110.34

Your response to 110.6 referenced the generic Mark II response
of May 5, 1978, to NRC question MEB 7(b}). This response is not
entirely acceptable to the staff. The staff position was
originally included in Enclosure 3 of the NRC Mark II Generic
Acceptance Criteria for Lead Plants. The staff position is
repeated below:

The requirement in 10 CFR 100, Appendix A, paragraph VI (2) is
that structures, systems and components of the nuclear power
plant necessary for continued operation shall be designed to
remain functional and within applicable stress and deformation
limits when subjected to the effects of the vibratory moticn of
the Operating Basis Earthquake in combination with normal
operating loads. Current staff review requirements to meet
this section of the Regulations are that such structures,
systems and components be designed within the Service Level B
limits (formerly termed upset) of Section III, Division 1, of
the ASME Code when subjected to the "OBE plus SRV" loading
condition. This loading condition represents an anticipated
operational occurrence; i.e., a condition of normal operation
expected to occur during the life of the plant resulting from
the following scenario: OBE, loss of offsite power, turbine
trip, and actuation of an undetermined number of safety relief
valves. As requested in question 110.42 following, provide a
commitment to include this load combination in your design of
safety related components.

RESPONSE :

The load combinations N+OBE+SRV will be included in the design
of safety-related components as an upset condition.

Safety-related NSSS components are designed to Service Level B

limits when subjected to the "OBE plus SRV" loading
combination, without fatigue considerations.
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QUESTION 110.35

Your response to 110.7 referenced the generic Mark I1 response
of May 5, 1978, to NRC question MEB-8. This response is not
completely acceptable to the staff. A staff position regarding
functional capability of piping was included as Attachment B to
Enclosure 5 of the NRC Mark II Generic Acceptance Criteria for
Lead Plants. Subsequent discussions with the Mark II Owners
Group has resulted in further refinement of the staff position.

We will require that PP&L provide assurance of the functional
capability of safety related piping for the Susquehanna plant.
Enclosure 110-1 provides one method acceptable to the staff for
providing such assurance. If you choose to employ other
criteria, sufficient information should be provided to
demonstrate the conservatism of the proposed criteria.

RESPONSE :

For response, see revised Subsection 3.9.3.1.1.6.

The subject of functional capability of safety-related piping
needed for the safe shutdown of the plant is a generic issue.
This issue is addressed by GE and the Mark II containment group
on the basis of the report:

E. Rodabaugh, "Functional Capability of. Essential Mark II
Piping."

This report has been submitted to the NRC for review.
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QUESTION 110.36

The response to question 112.5 is not completely acceptable.

For reactor coolant pressure boundary components and supports,
we have accepted the use of the square root of sum of squares
methodology for combining dynamic responses resulting from LOCA
and SSE. This acceptance is documented in NUREG-0484
"Methodology for Combining Dynamic Responses." At this time,
we have not accepted the use of SRSS for combining responses
from other combinations of dynamic 1loads and for other
components and supports. Our review of the SRSS methodology is
continuing and we are concentrating on the proposed Kennedy-
Newmark criteria. The eventual outcome is expected to
establish our position and criteria for general acceptance of
response combination using SRSS methods.

We request that you provide in the FSAR a specific listing of
all combinations of dynamic loads and all components for which
combination of dynamic responses by the SRSS method is
proposed. The listing should specifically include such loads
as OBE inertia loads, OBE anchor point movement loads, SRV
loads, turbine stop valve closure loads, Mark II containment
hydrodynamic vibratory loads, SSE 1loads, and LOCA loads
(including annulus pressurization).

RESPONSE :

All dynamic responses from such dynamic load events as LOCA and
SRV when required to be combined with OBE or SSE, are combined
in accordance with the Square Root of the Sum of the Squares
(SRS method) .

The FSAR documents the results of the hydrodynamic load

evaluation on NSSS equipment. This includes a listing of all
load combinations.
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The FSAR contains several apparently conflicting etatemente
regarding the consideration of OBE loads in the NSSS ASME
Class 1 fatigue calculations.

In FSAR Section 3.9.1.1 it is stated that Table 3.9-4 lists the
transients used in the fatigue analyses of Class 1 components
and supports. Page 21 of Table 3.9-4 states that 60 maximum
load cycles due to the OBE were considered for GE Class 1
piping. Thie is consistent with commitments in FSAR Section
3.7a.3.2. However, in 3.9.1.1 it is stated that the OBE was
not considered in the fatigue analyses of some components such
as control rod drives, CRD housings, incore housings, hydraulic
control units, core supports, other reactor internals, reactor
vessel, support skirt, shroud support, shroud plate, MSIV's,
SRV’s, recirculation pumps, and recirculation gate valves.
These apparent exceptions conflict with FSAR statement in FSAR
Section 3.7a.3.2 that "the OBE is an upset condition and
therefore must be included in fatigue evaluations according to
ASME Section III.

Provide clarification of the consideration of OBE loads for the
NSSS ASME Class 1 components to resolve the apparent conflicte
between the FSAR sections. As noted in Enclosure 110-2 OBE
loads are to be evaluated against service level B requirements
which include fatigue analyses.

BESPONSE :

For NSSS Safety Class 1 piping and equipment where applicable
codes require it, the OBE is considered as an upset condition
and -- as per NRC Enclosure 110.2 -- OBE loads are evaluated
against Service Level B requiremente which include fatigue
analysis. One OBE intensity earthquake with 10 peak stress
cycles is postulated for the fatigue evaluation. Necessary
améndments have been made to Subsection 3.7a.3.2 and to the
transients listed in Subsection 3.9.1.1 reflecting the above
bases.

For main steam piping isolation valves, main steam piping
safety/relief valves and reactor recirculation piping gate
valves, seismic loads were used as a design basie, but the
cycles associated with the OBE were not considered for the
fatigue evaluation. This is in compliance with the
requirements of ASME, Section III, NB-3500 for the normal-duty
fatigue analysis of these valves. The applicable thermal
cycles considered are listed in Subsection 3.9.1.1.

Rev. 47, 06/94 110.37-1




SSES-FSAR

For the recirculation pumps, seismic loads were used as a

design basis,
evaluation.

| Tables 3.9-1
clarification.

Rev, 47, 06/94

but the applicable code requires no fatigue

and 3.9-4 have also been amended for
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QUESTION 110.38

There are apparent conflicting statements in the FSAR regarding
the consideration of the OBE in the BOP ASME Class 1 component
fatigue calculations. Page 20 of FSAR Table 3.9-15 states that
2 OBE’s are assumed to occur, resulting in 600 maximum load
cycles for the BOP ASME Class 1 piping fatigue calculations.
However, it is stated in FSAR Section 3.7b.3.2 that 5 OBE's
with a corresponding total of 50 maximum stress cycles are used
for the BOP ASME Class 1 piping fatigue calculations.

Provide clarification of the consideration of the OBE loads for
BOP ASME Class 1 components to resolve the apparent conflicts
between the FSAR Sections.

RESPONSE :
Table 3.9-15 has been revised to clarify the consideration of

the OBE Loads for BOP ASME Class I components and to resolve
the conflict with Section 3.7b.3.2.
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QUESTION 110.39

Provide confirmation that Mark II containment SRV discharge and
suppression pool vibratory loads have been taken into account,
i.e., load cases 1 and 2 of Enclosure 110-2, for determination
of postulated pipe break locations in ASME Class 1, 2 and 3
piping using the stress and usage factor criteria specified in
3.6 of the FSAR.

RESPONSE:

Mark II containment SRV discharge and suppression pool
vibratory loads will be considered in the determination of
postulated pipe break locations in ASME Class 1, 2 and 3 high-
energy piping using the stress and usage factor criteria
specified in Section 3.6 of the FSAR.

Containment SRV discharge and suppression pool vibratory loads
have been considered in determining postulated break locations
in the ASME Class I Recirculation piping using the stress and
usage factor criteria of Section 3.6. One exception is the
combined loading of OBE and SRV loads where the fatigue usage
is not included.
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QUESTION 110.40

We have identified several portions of your vibration, thermal,
and dynamic effects testing program for NSSS and BOP piping
which deviate from the criteria of SRP section 3.9.2, we
require certain additional information to more fully define
your program. Modify FSAR sections 3.9.2.l1a and 3.9.2.1b to
provide this information for both NSSS and BOP systems.

(1) Expand your program to include the following piping
systems, including their supports and restraints.

(a) All ASME Class 1, 2 and 3 systems,

(b) Other high energy piping systems inside
seismic Category I structures,

(c) High energy portions of systems whose failure
could reduce the functioning of any seismic
Category I plant feature to an unacceptable
safety level, and

(d) Seismic Category I portions of moderate
energy piping systems located outside
containment. '

A visual check of many of these systems is acceptable.

(2) Describe how your program will verify that no restraint
of normal thermal movement occurs in the systems listed
in (1).

(3) Describe in more detail how your program will verify the
adequate performance of snubbers for the systems listed
in (1).

(4) You provide various references to "Code 1limits" and
"endurance limits" for the allowable values against
which measurements will be compared. Indicate how the
acceptance criteria of your test program will be related
to such limits.

(5) Provide a cross reference between FSAR section 3.9.2.1
and the appropriate test descriptions in FSAR
Chapter 14.

RESPONSE :

The following response applies to piping in the NSSS scope of
supply (recirculation and main steam) .

1) No expansion of Subsection 3.9.2 is necessary for

NSSS piping since recirculation and main steam
piping are already addressed.
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2) A thermal expansion preoperational and startup
testing program, performed through the use of
potentiometer sgensors, has been established to
verify that normal thermal movement occurs in the
systems within the NSSS piping scope of supply.
The main considerations of this program are as
follows:

a) The piping system during heatup and cooldown
is free to expand and move without planned
obstruction or restraint in x, y, and 2
directions,

b) The piping system does "shakedown" after a
few thermal expansion cycles.

c) The piping system is working in a manner
consistent with the assumption of the NSSS
stress analysis.

d) There is adeguate agreement between
calculated wvalues of displacements and
measured value of displacement.

e) Assure consistency and repeatability in
thermal displacements during heatup and
cooldown of the NSSS systems.

Limits of thermal expansion displacements have been established
prior to start of piping testing to which the actual measured
displacements can be compared to determine acceptability of the
actual motion.

If the measured displacement does not vary from the acceptance
limits values by more than the specified tolerance, the piping
system is responding in a manner consistent with predictions
and ie therefore acceptable. Two levels of 1limits of
displacements have been established to check the systems.
These are:

o] Level 1 which is the maximum limite that specify
level of pipe motion which if exceeded, make a
test hold or termination mandatory.

If a Level 1 limit is exceeded the plant will be
placed in a satisfactory hold condition, and the
responsible Piping Design Engineer will be
advised. Following resolution applicable tests
must be repeated to verify that the requirements
of the Level 1 limits are satisfied.

o Level 2 is that specified level of pipe motion

which is exceeded requires that the responsible
Piping Design Engineer be advised.
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If a Level 2 1limit 1is not satisfied, plant
operating and startup testing plans would not
necessarily be altered. Investigations of the
measurements and of the criteria and calculations
used to generate the pipe motion limits would be
initiated. An acceptable resolution must be
reached by all appropriate and involved parties,
including the responsible Piping Design Engineer
of the affected piping system. Depending upon the
nature of such resolution the applicable tests may
or may not have to be repeated.

A walkdown of the piping and suspension shall be
made to identify any obstruction or improperly
operating suspension components. The
instrumentation installation and calibration shall
be checked and any discrepancies corrected.
Snubbers shall be in their operating range about
the midpoint of the total travel range at
operating temperature. Hangers shall be in the
operating range between the hot and cold settings.

See Subsection 3.9.2.1b.

The criteria for vibration displacements shall be
based on assumed linear relationship between
displacements, snubber loads and magnitude of
applied loads for any function and response of
gystem.

Thus the magnitude of limits of displacements,
snubber loades, nozzle loads, are all proportional.
Maximum displacements (Level 1 1limits) are
established to prevent the maximum stress in the
piping systems from exceeding the normal and upset
primary stress limits and/or the maximum snubber
load from exceeding the maximum load to which the
snubber has been tested.

Based on the above criteria, Level 1 displacement
limits are established for all instrumented points
in the piping system. These 1limits shall be
compared with  the field measured ©piping
displacements. The method of acceptance is defined
in the response to Question 2.

See Table 3.9-33.
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110.41

the following additional information regarding the

dynamic analysis of reactor internals under faulted conditions:

a)

Provide response time histories at one key location
(having either the maximum stress combination or the
most critical deflection combination, whichever is
governing the design) for each of the following
internal components:

(1) Jet pump

(2) Shroud wall

(3) Shroud head

(4) Control rod :

(5) Instrumentation guide tube
(6) Core plate

For each location, separate response time histories for the

various

load effects associated with the SSE and most severe

pipe break event should be provided.

b)

If the method of regponse combination other than
absolute sum is used for the combination of responses
due to the various eseismic and pipe break load effects
in a. above, provide justification. This justification
should address whether a particular response time
history is considered static or dynamic, and if
dynamic, should describe the predominate frequencies.

RESPONSE :

a)

Rev. 46,

The following additional response time information for
selected internal componente under the SSE and the most
severe pipe break accidents is provided.

Table 110.41-1 - Internals component vs. location list.

Figures 110.41-1 & 110.41-2 - Horizontal and vertical
mathematical model figures.

Figures 110.41-3 thru 110.41-10 - Response time history
plots due to horizontal SSE.

Figures 110.41-11 thru 110.11-16 - Response time
history plots due to vertical SSE.

Figures 110.41-17 thru 110.41-24 - Response time
history plots due to recirculation pipe break.

06/93 110.41-1
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Figures 110.41-25 thru 110.41-32 - Response time
history plots due to feedwater pipe break.

There are two sets of SSE responses due to either
cracked or uncracked primary containment building.
Judging from the results, the uncracked case is the
more severe one.

As for the pipe break events, we have considered both
the feedwater line break and the recirculation line
break. Judging from the response time histories, it is
not conclusive as to which one is governing. Hence, we
have included both sets.

b) A finite element beam model was used to perform the
structural analysis for the RPV pedestal, shield and
RPV and internals to account dynamic loads due to a
LOCA (pipe break effect). The loads considered include
annulus pressurization (AP), jet impingement loads on
vessel and shield wall, jet reaction loads, pipe
restraint reaction loads and FW line reaction load
{applied to containment). All the loads are applied as
a force-time history at relevant nodes of the model
simultaneously and a dynamic analysis performed to
generate a dynamic response time history of various
components due to a LOCA. Similarly, a seismic dynamic
analysis on the same beam model is performed to
generate seismic response time history of various
components. Then the peak value of dynamic response
due to LOCA and due to seismic load are combined based
on the following:

Current practice in BWR design is to combine response
time histories of two or more dynamic loads by SRSS or
by absolute sum of peak magnitudes. SRSS is
technically justified based on the facts that (i) the
maximum peaks of individual responses are highly
unlikely to coincide in time, (ii) the probability of
significant exceedance of SRSS value is very small, and
(iii) the dynamic reserve margin inherent in nuclear
power plant structures (related to energy absorption
capability of component) designed to meet ASME code
stress limits is significantly greater than the static
code design margin to protect against failure.

Extensive documentation which substantiates the above technical
bases for the use of SRSS for Mark II applications has been
submitted to the NRC in the form of reports generated by the
Mark II Owner'’'s group.
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TABLE 110.41-1

COMPONENT VERSUS TIME HISTORY TABLE

Horlzontal Model* Vertical Model* ¢
Time Time
Components History Location{2) History Location{2)
Type(1) Typel1}
Core Plate F N-7 OF E-7 A N-7
(C-2 OF E-7)
Shroud N-58 OF E-31 F N-7 OF E-§
F (C-8 OF E-31) {C-7 OF E-5)
M (C-12 OF E-31)
Shroud Head N-22 OF E-22 F N-5 OF E-3
F {C-2 OF E-22} (C-7 OF E-3)
M {C-6 OF £-22)
CRD Guide Tube and
Housings Jet Pump A N-7, N-55 A N-2, N-3
A N-47 A N-8
— ]

{1) A = Accsleration Time History
F = Force Time History
M = Moment Time History
(2) N = Node
E = Element
€ = lLoad Component***
* Pertaining both to horizontal seismic and pipe break events.
i Pertaining to vertical seismic event only. The vertical pipe break events are judged to
be insignificant.
Ene C-1 = Force at End | C-7 = ForceatEnd J
C-2 = Shear at End | C-8 = ShearatEnd J
C-3 = Shear at End | C-9 = ShearatEnd J
C-4 = Torque at End ) C-10 = Torque st End J
C-5 = Moment at End | C-11 = Moment at End J
C-6 = Moment at End | C-12 = Moment at End J

Rev. 46A, 11/93




Security-Related Information
Figure Withheld Under 10 CFR 2.390

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

REACTOR PRESSURE VESSEL AND
INTERNALS HORIZONTAL
MATHEMATICAL MODEL FOR
EARTHQUAKE AND ANNULUS
PRESSURIZATION LOADING

FSAR FIGURE 110.41-1




Security-Related Information
Figure Withheld Under 10 CFR 2.390

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

REACTOR PRESSURE VESSEL
AND INTERNALS

VERTICAL DYNAMIC MODEL

FOR EARTHQUAKE LOADING

FSAR FIGURE 110.41-2
PP&L DRAWING




16.00

150

t
s
o
18
e
i
18 &
«© IF
=
.
[ -3
'
g § mk
2 5
g
S ey <=
3 7
[ I ] -E
<z
3 -
~A
.—-
-
1 = 1 ! E
8 ° 8 g g
- ] ]

(2203wt} NOWLVHITIINDY

FSAR REV, 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO HORIZONTAL SSE

FSAR FIGURE 110.41-3
PP&L DRAWING

SUSOUEHANHA-SSE- UNCRACKED HORIZ ACCEL AT MODE =7 FOR DOF = 1}



PR §
-8
{8
-8
18
[~
18

§

1

o
HEE

£ 3
: 2 ts
l l == I I 1 3

8 ° 8 8

g B g g g g

{z28%/'01) NOILYUFIANDY

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO HORIZONTAL SSE

FSAR FIGURE 110414
~ PP&L DRAWING

TIME (s0c)

SUSQUEHANNA-SSE~UNCRACKED HORIZ ACCEL AT NODE = 47 FOR DOF = |




18.00

14.00

12.00

=
10.00

MAX = T71.08 AT 8.245 sec

—50.15 AT 8.17 sec

TWE tenc)

0.01

20

1]
—-20
—40
—80
~80
-100

(z39/'V1) NOLLVETIIDDY

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO HORIZONTAL SSE

FSAR FIGURE 11041-5
PP&L DRAWING

SUSQUEHANNA-SSE-UNCRACKED HORIZ ACCEL AT NODE = 55 FOR DOF = 1



18.00

MAX « 13.02 kips AT 13.11 sec

MIN = —11.80 kips AT 13.038 sec

18

&~

s )

= W

e

o~

8. (]
-1 ©

3

~

_‘_ ]

3 W

—83 o
=

e

[ =]

-4

o

18 =

© ~N

&

£

[ =Y

W

St

g

3

[ ¥V )

A

—18 g

z

2

- 4

o [T}
o

16,000

10,000 p—

5,000

°

~8,000 |—

-10,000 [—
—18.000

Q) avon

FSAR REV, 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO HORIZONTAL SSE

FSAR FIGURE 110.41-6
PP&L DRAWING




16.00

14 00

MAX = 480.14 kips AT 6.08 sec

MIN = —516.47 kips AT 8.01 sec

12.00

10.00

|
8.00
TIME tose}

0.01

600,000

400,000 |—
—400,000 |
~800,000

1 I

: j :

g B
(9w} OY01  pSAR REV. 46, 06/93

" | SUSQUEHANNA STEAM ELECTRIC STATION

UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO HORIZONTAL SSE

FSAR FIGURE 110.41-7
PP&L DRAWING

SUSQUBHANNA-SSE-UNCRACKED-HORIZ LOAD FOR ELE = 22 COMP = 2 TYPE = 2




o091l

¢ = 3dAL 9 = dW0J 22 = 3713 ¥0J QVOT ZINOH-QINIVIINN-ISS-YNNYHINOSNS

(> 3L
oo'ri [ 4] Q0 01 008 009 oo'v 00T 100
000" 000’
] ] I I I ) ] ol
£00'000°0r~
Loo'000'0—
0
100°000°0C
€00°000'0r
208 QOO LY Q"W no— X LLZTT = NIW
0% L0 AV Gr'W nO— X 66LS' Y = XYW
000'000'00

f-vi} VY07

W.
m

&
m
:
:
:

s
g
&
:
m
:
2
2

FSAR REV. 46, 06/93

RESPONSE TIME HISTORY PLOT
DUE TO HORIZONTAL SSE

FSARFIGURE 11041-8
PP&L DRAWING



00’9t

¢ 200:3 § = dWOD TE = 373 Y03 Qv0T  ZIYOH-03%IVYINN-IIS-VYNNVHINOSNS

00'pL

00'ZL 0001

(29%) 3L

oos 00'9 oo’y 00 0o

MWIGITY AV A g0 XBEYO'L— = NIW

W 6Z°9 LV Qi g0l XZEO'L = XVW

| | 1 i

000°00%"\—

000°005"4

Q) avol

W
m

:
3
g
3
m
3
E

&
E
&
:
<
:
:

FSAR REV. 46, 06/93

RESPONSE TIME HISTORY PLOT
DUE TO HORIZONTAL SSE

FSAR FIGURE 110.41-9
PP&L DRAWING




Z = 3dAL 21 = dW0D T€ = 373 Y04 aV01 ,Nuzgrnmxuﬁusuwmwugu.bom:w

(%) 31l
o9l or ozL ool o8 09 oy oz o

208 10'9 LV Qrut QO_. X LEFZ = NIV b
W ZTHLAV QrY eo- X GEL'T = XVW

000'000°00Z-

000°000°001~

000'000'004

000’000 002

255 25 s
3mmm mo 3
HIER
Mmm 28 B
gl 2 g9 =g
| iz



MAX = B81.10 AT 8.075 soc

MIN = -81.82AT 8105 sec

16.00

L
14,00

| | |
8.00 10.00 12.00

TIME (mc)

SUSQUEHANNA-SSE-UNCRACKED-VERT ACCEL AT NODE = 2 FOR OOF= 3

0.01

{zo/'u) NOILVHININV
FSAR REV. 46, 06/93
SUSQUEHANNA STEAM ELECTRIC STATION

UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO VERTICAL SSE

FSAR FIGURE 110.41-11
PP&L DRAWING




MAX = 5511 AT 8.076 sec

~55.64 AT 8.106 sec

16.00

14.00

12.00

14.00

TME (sec)

SUSQUEMANNA-SSE-UNCRACKED-VERT ACCEL AT NODE = 3 FOR DOF = 3

0.01

{z998/°vY) NOILVH3I13IOVY

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNTTS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO VERTICAL SSE

FSAR FIGURE 11041-12
PP&L DRAWING




MAX = 64.85AT B.075 sec

MIN = _SEE8AT B.105 sec

16.00

14.00

12.00

10.00

8.
TWAE (anc)

{zo9/°v1) NOILVHTI30DV

FSAR REYV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS1AND2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO VERTICAL SSE

FSAR FIGURE 110.41-13
PP&L DRAWING

SUSQUEHANNA-SSE-UNCRACKED-YERT ACCEL AT NODE = 7 FOR DOF = 3




16.00

: 8
o o
=
<3
. ™
89
T 1 .-§
x [ J
s
18
e
s |
© 2
™S
-2
—8
—8
|
® g ¥

_(z508/°u) NOLLVHINIDDY

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2 ‘
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO VERTICAL SSE

FSARFIGURE 110.41-14

SUSQUEHANNA-SSE -UNCRACKED-VERT ACCEL AT NODE = 8 FOR DOF =3




¢= 3dAL L dW0D € 313 ¥03 OV01 LY3A=AINIVYINN-ISS-YNNYHINOSNAS

(2%%) 3L
00’9 oo'rl 00T 0001 oo’ 009 oo’y a0’z 100

_ [ | _ [ [ | oo0oe-

W..
m

g
2
2
2
<
m
3
g

000°08—

RESPONSE TIME HISTORY PLOT
DUE TO VERTICAL SSE

:
:
:
:
:

FSAR FIGURE 110.41-15

PP&L DRAWING

©
@1 avol

000'0}

M GL0V LY MO 1LTZ- = NIW

MIGOL'B LV SO G5TT = XYW

000'0E



8
©
—48
g §
g £
;O
< 5 —2
¥
: 7
. 8
%z 1®
z 3
e
® 3
=4
s
-]
—18
—1&
| 5
§ g g8
8 g ?

an gvol

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO VERTICAL SSE

FSAR FIGURE 110.41-16

SUSQUEHANNA-SSE-UNCRACKED-YERT LOAD FOR ELE = 5 COMP = 7 TYPE =2




0.301

¥ 1z
§ 3
<z :
: & i L
s 0 l:_
3 1 8
D : 2
nj':
/ s <
< - B
= <
= 5o
%_ ) 'é“
—~ . &
g 4
e —— ° -
= .
é__ 18 B
= 2
] j\_"'lf__-——-—g
: A

(29%/°v1) NOILLYY31IOOV

FSAR REV, 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO
RECIRCULATION PIPE BREAK

FSAR FIGURE 11041-17
PP&L DRAWING




|
0.2%
TWAE {oac)

]
0.451

TN
|

MAX = 271.0 AT 0.0260 sec
—401.8 AT 0.0010 sec
!
0.25%

|
0.201

V

T

|
0.051

L

i
-200 M-
—300 |
-400

{z29/01) NOLLYH31300V

FSAR REV, 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO
RECIRCULATION PIPE BREAK

FSAR FIGURE 11041-18
PP&L DRAWING

ACCEL AT NODE= 47 FOR DOF =}

SUSQUEHANNA-AP-RC-HORIZ




|
0.451 0.801

401

i} ¢
i3 - v
T < > -8 8
R C g
< s Az =8
s § ° g
[
Tiz
S
[ -4

— R

2 —— _§

—
-
| ] e —l=.____§
§ g ° 8 § §

(308/°u{) NOILVYITINV

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO
RECIRCULATION PIPE BREAK

FSAR FIGURE 11041-19
PP&L DRAWING

SUSQUEHANNA-AP-RC-HORIZ




0.50%

MAX = 150.9 kips AT 0.058 sec

MIN = 0 AT 0.000 sec

i | |
0.201 » 0.301 0.351 0.401 0.451
THAE toec)

|
0.181

]
0.101

]
0.051

160,683

140,683 —

120083

100,883 [—

-
40,083
20,063
[~
0.001

|
g
8

(i} ov0?

60,083

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT
DUE TO
RECIRCULATION PIPE BREAK

| esarmicure 1104120
PP&L DRAWING

LOAD FOR ELE = 7 COMP = 2 type = 2

SUSQUEHANNA-AP-RC-HORIZ



Z= 3dAl 2 dW0J 22 373 404 Qv01 ZIY0H-Ju-d¥-YNNYHINOSAS

(0% 2l
108°0 13 1417 Ltov'o 18€0 0C°0 1SZ°0 WZ'o [-1%] 104’0 1S0°0 1000
| ] _ ] ] _ ] ¥ ] 000’00z~

: e

060CII°0 LV ORI ¥EBL- = NIN

DUE TO

RECIRCULATION PIPE BREAK

S OSBL0 LY L'ONE = XYW

:
m

g
.
2
2
:
:

—4 000004~

RESPONSE TIME HISTORY PLOT

:
:
M
m
m

FSAR FIGURE 110.41-21
PP&L DRAWING

FSAR REV. 46, 06/93

—
(@) avon

/N

000’081




2= 3dAL 9 dW0D 22 313 ¥04 QV0) ZIYOH=2Y=dY-YNNYH3INOSNS

) %% 3vel
1S90 toro 1SC0 [Te m(+] LSO wo'o [3 1% ] 104°0 1S0'0 1000
100°000'8Z—
| ! _ | T | | | ] ot

IIA 100°000°0Z—

N\

— 100'000'81 =

DUE TO
RECIRCULATION PIPE BREAK

* UNITS 1 AND 2

FINAL SAFETY ANALYSIS REPORT

=1 000°000'0L~

SUSQUEHANNA STEAM ELECTRIC STATION
RESPONSE TIME HISTORY PLOT

FSAR FIGURE 110.41-22

PP&L DRAWING

FSAR REV, 46, 06/93

il
g
:
{arv) OvOl

208 00GL 0 LV %AIN-"V) £ 00V 0Z- = NIW

IEOPLL'0 LY PE-" W GTLL' 4L = XYW Z ~=1 000'000°04

+00’000'aL




403.8 kips AT 0.0980 sec

MAX =

MIN = --200.3 kips AT 0.1820 esc

|
3
TIME (sec)

] |
0.40% 0.45¢ 0.501

]
0351

™M
|
0.301

\v4
0.20

I
0.181

|
0.101

!
0.0%81

0.001

400,000

200,000

100,000 —
o
—100,000
200,000

{a) gvol

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

RESPONSE TIME HISTORY PLOT

DUE TO
RECIRCULATION PIPE BREAK

FSAR FIGURE 110.41-23

LOAD FOR ELE = 31 COMP = B8 TYPE =2

SUSQUEMANNA-AP-RC-HORIZ



¢= 3dAL 21= dWOJ TE = 373 ¥04 OV Z130H- 24 -dV-YNNVH3INOSAS
. pwa
1050 1SK0 oro 1500 toc'o VS0 wz'o 1510 101'0 1500 1000
I ] i I [ ] | i I 900'000°08—

W 0LLLO LY 20V V(B0 VL~ NIN i Bad
0 0LEL'0 LY NNV L'00F'BF « XYW

DUE TO

RECIRCULATION PIPE BREAK

mm
i
:

RESPONSE TIME HISTORY PLOT

:
:
m
m

FSAR REV., 46, 06/93
FSAR FIGURE 110.41-24

{'vral) avol

V. .

— t00'000°0T

#00°000°09



0.501

SE
§§ B
1.

3 ..
&7 °
5 =3
$ § 1z g
[ Y
_ I
18 18
' =
o=s
- =
<
< L
> -1: &
Pl E'
— 1z 4
—
x
- -
| et - - -—8 g
L °§
J «
! i P— et 1 g
? ? g : § § §

(z208/°v1) NOILYEITIINDY

FSAR REYV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

ANNULUS PRESSURIZATION
(HORIZONTAL)
FEEDWATER LINE BREAK

FSAR FIGURE 110.41-25




-+
g
2 3
g 5 | s
5 X —3
2 -
s 8 - §
~ R
i s 2 .
e
1z 1%
o!g
o
_§ g
2
] .
- —; g'
i
<f) 1s ¢
I ¢
h—
g

——
° g &
[} I

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

ANNULUS PRESSURIZATION
(HORIZONTAL)
FEEDWATER LINE BREAK

FSARFIGURE 110.41-26
PP&L DRAWING



302.2 AT 0.0180 sec

MAX =

MIN = -3598AT 0.0410 sec

]|
0.481 0.601

|
401

0.28 0.30 0.3%1
TME loac)

ACCEL AT NOOE = 55 FOR DOF =1

0.20

!
!

< __

1
0.101

§> |
— |

#

8 (-]
-

*
g

~100
=300 -
0.001

{z293/°v1) NOILYUTI300Y

FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

ANNULUS PRESSURIZATION
(HORIZONTAL)
FEEDWATER LINE BREAK

FSAR FIGURE 110.41-27
PP&L DRAWING

SUSQUEHANNA-AP-FW-HORTZ




MAX = 10.4 kips AT 0.0980 sec

—80.8 kips AT 0.0730 sec

| ! | ]
0.301 0.351 0.401 0.451 0.501

|
0.28
TIME {sec)

LACD FOR ELE = 7 COMP = 2 TYPE = 2

|
0.201

|
0.181

0.101

!
0.051

30.000

20,000

<
—
g
&

0.001

=
N

g

v

—80,000 }—
—80,000 |—
~100,000

Q) avol

FSAR REV, 46, 06/93

SUSQUERANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

ANNULUS PRESSURIZATION
(HORIZONTAL)
FEEDWATER LINE BREAK

FSAR FIGURE 110.41-28
PP&L DRAWING

SUSQUEHANNA-AP-FW-HOR1Z




|
0.481

|
0.401

]
0.301

I
0.209

0.181

|

§ §
s s g F°
i ——T 7
il = .
L iy a b
| 1 | = 3
P o
S . :
) avol
FSAR REV. 46, 06/93

SUSQUEHANNA STEAM ELECTRIC STATION
UNTTS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

ANNULUS PRESSURIZATION
(HORIZONTAL)
FEEDWATER LINE BREAK

FSAR FIGURE 110.41-29
PP&L DRAWING

TIME (ouc)

LOAD FOR ELE = 22 COMP = 2 TYPE =2

SUSQUEHANNA-AP-FW-HORIZ




¢ = 3diL 9 = dW0D 22 = 3713 ¥04 QY01 Z1UOH=N4-dV-VNNVHINOSNS

s s |
109°0 31 &4 100 1960 (1 3] 1920 ioz'0 (31N 1010 1800 100°0 <«
I S B I B B S soros- B W
2 5
30 0FBL0 LV KN 0 FRITGI- = NIN w2 M &
308 YO0 LV SN ZCOT6L = XV — ,mqg,l m m m m m o
m 2 m m 5 0
=—| oo0’co0’'01~ m.. m m " o) m m
%3 255 ¢
VAN i e
R : 4|2 2
< , ] M M
—1 000°000'G
~—— 000°000'01
(\ - 100'000'91
000'000°0Z




=288.0 ips AT 0.0820 sec

841.2 kips at 0.1200 sec

MAX =

! |
0.101 0.151
SUSOUEHANNA-AP~FW-HORIZ

\

|
0.4%1

|
0.401

|
0.301

|
0.351
LOAD FOR ELE 31 COMP 8 TYPE =2

]
0.251
TIVE laoc)

v

I
0.051

0.001

800,000
400,000 —

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

ANNULUS PRESSURIZATION
(HORIZONTAL)
FEEDWATER LINE BREAK

FSAR FIGURE 11(141451
PP&L DRAWING



¢= 3dAL 21 = dW0J It 373 ¥0J Gv01 Z140H-Md-dV-VNNVH3NDSAS

PP&L DRAWING

.
59 3. m
1050 1Sv'o 1or'o 1560 10c'0 1520 o 191°0 01’0 1S0°0 1000 m " W
[ _ | _ [ | _ I [ oomoodoor o m E m
w4 w WIB
mmm £E o
)
M ol m m A
L B} EE m ngk S
& w m\w
§ m [ m
1 i B
| :
= ¥00'000°08
208 0CZ4'0 AV 0001 Y EQU'EE~ ~ NIW
290 0GG1L'0 AV 3NN T LPE'BL » XYW
000'000°'001




SSES-FSAR

TABLE 110.41-1

COMPONENT VERSUS TIME HISTORY TABLE

Horizontal Model* Vertical Model**
Time Time
Components History Location(2) History Location(2})
Type(1) Typel(1)
Core Plate F N-7 OF E-7 A N-7
(C-2 OF E-7)
Shroud N-58 OF E-31 F N-7 OF E-5
F (C-8 OF E-31}) {C-7 OF E-B)
M (C-12 OF E-31)
Shroud Head N-22 OF E-22 F N-5 OF E-3
F (C-2 OF E-22) (C-7 OF E-3)
M {C-6 OF E-22}
CRD Guide Tube and
Housings Jet Pump A N-7, N-65 A N-2, N-3
A N-47 A N-8
{1) A = Acceleration Time History
F = Force Time History
M = Moment Time History
(2) N = Node
E = Element
C = Load Component***
* Pertaining both to horizontal seismic and pipe break events.
i Pertaining to vertical seismic event only. The vertical pipe break events are judged to
be insignificant.
e C-1 = Force at End ! C-7 = Forceat End J
C-2 = Shear at End | C-8 = Shear at End J
C-3 = Shear at End | C-9 = Shear at End J
C-4 = Torque at End { C-10 = Torgue at End J
C-5 = Moment at End | C-11 = Moment at End J
C-6 = Moment at End | C-12 = Moment at End J
Rev. 46a, 11/93
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FSAR Sections 3.9.3, 3.9.4 and 3.9.5 reference several tables
(3.9-2, 3.9-6, 3.9-14, etc.) that describe the various loading
combination considered in the design of ASME Class 1, 2, and 3

components, c¢omponent supports, core support structures,
control rod drive components, and other reactor internals,.

We have had discussions with the Mark II Owner's Group
concerning the load combinations appropriate for the design of
BWR Mark 1II plants. Our position with respect to 1load

combinations has been documented as Attachment A to Enclosure

5 of the NRC Mark II Generic Acceptance Criteria for Llead
Plants. This staff position ies repeated here as Enclosure
110-2. These loading combinations are applicable to the
Susquehanna plant.

Therefore, provide a commitment that all ASME Class 1, 2, and
3 components, component supports, core support structures,
control rod drive components, and other reactor internals have
been or will be analyzed or otherwise qualified in accordance
with Enclosure 110-2, as modified by the following two
clarifications:

(a) For load cases 1 and 2 all ASME Code Service Level B
requirements are to be met, including fatigue usage
factor requirements, and should take into account all
SRV discharge load effects (initial actuation and
continuous suppression pool vibratory) taken for the
number of cycles consistent with the 40 yr. design life
of the plant.

(b} For load case 10, SRV, should be assumed to be one SRV,
RESPONSE
I. Non-NSSS

For load cases 1 and 2 as identified in Question
110.42, enclosure 110-2, all ASME Code Service Level B
requiremente, including fatigue consideration for Class
1 components, are met for piping in non-NSSS‘s scope.

For load case 10, SRV, (one SRV) is not considered in
combination with DBA induced loads. However, the loads
resulting from condensation oscillation and chugging
are considered in combination with the effecte of

SRV ps -

Rev. 47, 06/9%4 110.42-1




SSES-FSAR

FSAR Tables 3.9-6, 3.9-10 and 3.9-14 are revised to
reflect the loading combinations and acceptance
criteria that are used for ASME Code Class 1, 2 and 3
components and their supports.

II. NSss
Load Case 1 combinations meet the cited staff position.

General Electric believes that the loading combination OBE
+ SRV,, (Load Case 2) ought to be considered as an Emergency
condition. The classification of this low probability
combination of loads as Emergency (Service Level C
requirements) is consistent with 1) the encounter frequency
of the OBE, 2) the number of combined stress cycles expected
over the plant lifetime, and 3) the intent of the ASME code.
However, response to continued regulatory staff inquiry, GE
agreed to meet Upset limits (Service Level B reguirements)
without fatigue analysis. The considerations for not
conducting the fatigue analysis involve the same technical
justifications enumerated above.

For load case 10, SRV, (one SRV) is not considered in
combination with DBA-induced loads.
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TABLE 110.42-1

ACCEPTANCE CRITERIA FOR NSSS PIPING & EQUIPMENT

loadCase | N | SRV, | SRV, | OBE | SSE | IBA™ | DBA™ | Acceptance Criterla
1 X X 8"
2 X X X 8™
3 X X o™
4 X X2 c
6 X X x(?l Dm
6. X X2 p™
7 X A
8 X 8
8 X X X X cH
NOTES:
{1} For load case 1, all ASME Code Service Leve! B requirements are to be met, including

fatigue usage. All SRV discharge load effects will be combined with mechanistically
associated loads and teken for the number of cycles consistent with the 40 year design life
of the plant.

{2) Loading due to DBA/SBA/IBA is determined from rated steady-state conditions.

(3) Piping functiona! cepability will be assured for essential piping per Enclosure 110-2 or
NEDE 21985.

{4) Not used.

{5} [BA end DBA includes all associated loads such as annulus pressurization, poo! swell,
chugging, etc.

{6) For load case 2, all ASME Code service requirements are to be met, excluding fatigue
usage.

(7) For specific load combinations refer to Table 3.9-2.

Rev. 46A, 11/93
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Table Rev. 47
TABLE 110.42-1
ACCEPTANCE CRITERIA FOR NSSS PIPING & EQUIPMENT

Load Case | N | SRV, |SRVaps | OBE SSE IBA®) DBA® | Acceptance Criteria
1 X X B"
2 X X X B®
3 X X X D®
4 X X x®@ C
5 X X X x®@ D®
6 X X X®@ D®
7 X
8 X X B
9 X X X c®

NOTES:

(1

For load case 1, all ASME Code Service Level B requirements are to be met, including fatigue
usage. All SRV discharge load effects will be combined with mechanistically associated loads
and taken for the number of cycles consistent with the 40 year design life of the plant. These
cycles also bound those expected for the period of extended operation of the plant.

Loading due to DBA/SBA/IBA is determined from rated steady-state conditions.

Piping functional capability will be assured for essential piping per Enclosure 110-2 or
NEDE 21985.

Not used.

IBA and DBA includes all associated loads such as annulus pressurization, pool swell, chugging,
etc.

For load case 2, all ASME Code service requirements are to be met, excluding fatigue usage.

For specific load combinations refer to Table 3.9-2.

FSAR Rev. 65 Page 1 of 1
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QUESTION 110.43

Provide the bases for the allowable buckling loads, including
the buckling allowable stress limit, under faulted conditions
for all NSSS and BOP ASME Class 1 component supports. For the
reactor vessel support skirt, provide a comparison of the
calculated buckling loads against the critical buckling loads
of the skirt under the most limiting faulted loading condition.
Describe the analytical techniques used in determining both the
calculated buckling loads under faulted conditions and the
critical buckling loads of the Susquehanna support skirt.
Provide the most limiting locad combination considered in the
buckling analyses for the reactor vessel support skirt.

RESPONSE :

Structural elements used in the support of ASME Class 1
components and piping are evaluated for buckling using a stress
criteria that limits the allowable stresses for supports to 2/3
of the critical buckling stress.

Commercially available struts and snubbers have been specified
in accordance with vendor catalogue data. The capacity of
these items, stated in the catalogue, relative to buckling is
limited by the maximum permissible pin to pin dimension.
Calculations and tests substantiating these data are on file at
the vendors engineering office.

Per GE design specification the permissible compressive load on
the reactor vessel support skirt cylinder modeled as plate and
shelltype component support was limited to 90 percent of the
load which produces yield stress, divided by the safety factor
for the condition being evaluated. The effects of fabrication
and operational eccentricity was included. The safety factor
for faulted conditions was 1.125.

An analysis of reactor pressure vessel support skirt buckling
for faulted conditions shows that the support skirt has the
capability to meet ASME Code Section III, Paragraph F-1370(c)
faulted condition limits of 0.67 times the critical buckling
strength of the support at temperature assuming that the
critical buckling stress limit corresponds to the material
yield stress at temperature. The faulted condition analyzed
included the compressive loads due to the design bases maximum
earthguake, the overturning moments and shears due to the jet
reaction load resulting from a severed pipe, and the
compressive effects on the support skirt due to the thermal and
pressure expansion of the reactor vessel. The expected maximum
earthquake loads for the Susqguehanna 1 & 2 reactor vessel
support skirts are less than 60% of the maximum design bases
loads used in the buckling analysis described; therefore, the

Rev, 46, 06/93 110.43-1
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expected faulted loads are well below the critical buckling
limits of Paragraph F-1370(c) for this reactor vessel support
skirt. The expected earthquake loads for this reactor were
determined using the seismic dynamic analysis methods described
in Section 3.7 of the Susquehanna 1&2 Safety Analysis Report.

Rev. 46, 06/93 110.43-2
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QUESTION 110.44

For ASME Class 1, 2, and 3 components that could be exposed to
jet impingement or pipe whip impact 1loads resulting from
postulated pipe breaks in adjacent high energy piping, describe
the procedure used to determine the stress 1levels in the
components and all other components in the target system
resulting from exposure to such loads in combination with those
resulting from other applicable loads. Provide specific
assurance that the calculated stress levels are kept below ASME
Service Level D limits or, if applicable, more conservative
limits for active components or where piping functional
capability must be assured.

RESPONSE:

For a discussion of the methods used for determining the jet
impingement or pipe whip impact loads resulting from postulated
pipe breaks in adjacent high energy piping, see BN-TOP-2, Rev.
2. Because of the high degree of separation in Susquehanna SES,
we have not identified any postulated pipe break location in
which loads on an adjacent pipe would require a stress
analysis. This situation is a result of applying the criteria
in BTP MEB 3-1 and APCSB 3-1 for those systems and equipment
that must remain operational after a pipe break.

Rev. 46, 06/93 110.44-1
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QUESTION 110.45

Your FSAR indicates that active valves will be qualified for
operability under seismic loading on a prototype basis. We
agree that a prototypical test can qualify a limited range of
similar valves. Your FSAR does not sufficiently describe the
characteristics you consider in determining that a valve is
similar to the tested prototype valve, and therefore can be
qualified by analysis only.:

Provide a discussion of how you establish the "similarity" of
valves to a tested prototype. This discussion should include,
but not be limited to, characteristics such as valve type,
size, geometry, pressure rating, stress level, manufacturer,
actuator type, and actuator load rating.

RESPONSE :

For response see revised Subsection 3.9.3.2b.2.

Additional information regarding bases for demonstrating
operability under seismic loading used for qualifying active
values in the GE scope at supply is provided below:

Recirculation System Gate Valves

Operability of recirculation valves was demonstrated by tests
involving the value/actuator combination and the valve singly.
Similarly designed valves that by analysis exhibited greater
stress-to-acceleration relationships in the extended structure
than those used in SSES have been successfully seismically
tested. All recirculation gate valves for SSES are provided by
one vendor (LUNKENHEIMER)} and are of the same configuration
(i.e., valve body with weld end preps, bonnet, yoke and motor
operator). All electrical actuators used are of similar design
({LIMITORQUE-SMB) . A complete range of sizes of actuators,
covering the SSES installed sizes, have been tested and
successfully qualified.

Main Steam Isolation Valves

Operability of the MSIV's was demonstrated by analysis and by
testing. A dynamic loading test and a static deflection test
have been completed on the representative SSES valve actuator
assembly. Both tests demonstrated operability of the valve to
the specified limits.

Safety/Relief Valves and Standby Liquid Control Valves

Operability of S/R valves and SBLC valves was demonstrated by
successfully testing representative SSES valves (production
units) . .

Rev. 46, 06/93 110.45-1
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QUESTION 110.46

Describe in more detail the dynamic testing performed to
demonstrate the operability of safety related NSSS and BOP
snubbers under upset, emergency and faulted load combinations.
Describe the magnitudes of the applied loads, the frequency
content, and the number of load cycles at each applied load
level in these tests.

RESPONSE:

For response see Subsection 3.9.3.4.

Rev. 46, 06/93 110.46-1



SSES-FSAR

QUESTION 110.47

As required by 10 CFR 50.55a(g) we request that you submit your
preservice and initial 20 month inservice testing program for
pumps and valves. Enclosure 110-3 provides a suggested format
for this submittal and a discussion of information we require
to justify any relief requests.

RESPONSE :

The preservice and initial 20-month inservice testing program
for pumps and valves has been submitted under separate cover.

Rev. 46, 06/93 110.47-1
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QUESTION 110.48

It is not clear from the FSAR how the seismic analyses of
seismic Category I electrical and mechanical equipment have
taken into consideration all three seismic accelerations (i.e.,
x, y and z directions) acting on the equipment,

Regulatory Guide 1.92 provides methods acceptable to the staff
for combining the responses to the three spatial components of
seismic excitation.

Describe how your analyses have considered the three spatial
components of seismic excitation.

ESPONSE :

Consideration of the three spatial components of the earthguake
motion for the equipment has been addressed in Subsection
3.7b.3.6. It is considered in the same manner as for the
structures in Subsection 3.7b.2.6 which states that "----the
response value used is the maximum value obtained by adding the
response due to the vertical earthgquake with the larger value
of the responses due to one of the horizontal earthquakes by
the absolute sum method."

The use of three components of earthquake motion, as described
by Regulatory Guide 1.92, Revision 1, was not a requirement for
the issuance of the Susquehanna SES construction permit,
Therefore, the majority of NSSS equipment analyzed used the
methods described in Section 3.7(a).3.6 for combining the
responses to the three spatial components of seismic
excitation. However, for all current analyses of the NSSS ASME
safety Class I piping the total seismic response in a given
direction is predicted by combining the responses calculated
from the two horizontal and the vertical directional inputs.
Both time history and response spectra methods are used to
compute the responses.

Where the time history analysis method is used to compute the
responses from the three directional earthquakes, the vector
sum at every time step is used to calculate the maximum
combined response.

Where response spectra method is used, the structural responses
to each of the three components of earthgquake motion are
combined by the method of square root of the sum of squares
(SRSS) .
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UESTION 110.4%

Hydrodynamic vibratory loadings result from the flow of a
steam-water-air mixture into the suppression pool. This flow
may result from SRV actuation or from a postulated pipe break.
In either case the resultant vibration of the suppression pool
may affect components in other portions of the reactor
building. Therefore, hydrodynamic vibratory loadings of
various magnitude any frequency content can be associated with
the following cases: SRV, SRV_, SRV,,, SRV, , IBA and DBA.

The staff will require that electrical and mechanical eguipment
required for c¢old shutdown be demonstrated capable of
performing their safety function under the most severe of the
following combinations of seismic and hydrodynamic vibratory
loadings:

(1) SRV, or SRV, (whichever is controlling) + OBE
(2) SRV, or SRV, (whichever is controlling) + SSE
(3) SRV, + OBE + IBA
(4) SRV,  + SSE + IBA
(5) SSE + DBA

(6) SRV, + SSE + DBA

Provide a commitment that all NSSS and BOP seismic Category I
mechanical and electrical equipment will be qualified for the
most severe combined seismic and hydrodynamic vibratory
loadings. The LaSalle (docket 05000373} and Zimmer ({docket
05000358) plants have stated that, in general, the SRV, case
imposes the most severe hydrodynamic vibratory loadings on
safety-related equipment. However, this does not preclude the
possibility that other hydrodynamic loads might be limiting for
particular components at your plant. As noted above, you
should consider the most limiting case.

RESPONSE :

Procedures for the assessment and requalification of NSSS and
BOP Category I mechanical and electrical equipment for the
additional hydrodynamic loads has been described in Sections
7.1.6 and 7.1.7 respectively of the Design Assessment Report
(DAR). Basically, the hydrodynamic loads which are comprised
of SRV loads and LOCA related loads are added to OBE or SSE by
the absolute sum method. SRV loads consider the enveloping
case that includes all appropriate pressure traces for
axisymmetric and asymmetric discharges. LOCA related loads
consider the enveloping case that includes pool swell/large
bubble loading, condensation-oscillation loading and chugging
loading. The load combinations and the capability assessment
criteria for the equipment assessment are described in Sections
5.7 and 6.7 respectively of the DAR. These load combinations
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indicate that the effects of the seismic and the hydrodynamic
loads are combined by the absolute sum method. If an equipment
marginally fails to qualify for the dynamic loads by the
absolute sum method, such equipment is qualified by combining
the dynamic loads by the SRSS method.

However, if an equipment did not qualify by the SRSS method, it
will be redesigned for the dynamic loads combined by the
absolute sum method.

Subsections 3.9.2.2a and 3.9.2.2b and Section 3.10 have been
revised to include this information.

All NSSS Seismic Category I equipment reguired for cold
shutdown will be demonstrated to be capable of performing their
safety function under the most severe of the following
combinations as appropriate:

(1) SRV, or SRV, (whichever is controlling) + OBE
(2) SRV, or SRV,, (whichever is controlling) + SSE
(4) SRV, + SSE + IBA (this case envelopes case (3)
above)
(5) SSE & DBA
(6) Exception is taken to this load combination consistent

with the position of the Mark II owners group.
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QUESTION 110,50

A review of the design adequacy of your safety-related
electrical and wmechanical equipment under seismic and
hydrodynamic loadings will be performed by our Seismic
Qualification Review Team (SQRT). A site visit at some future
date will be necessary to inspect and otherwise evaluate
selected equipment after our review of the following requested
information.

The SQRT effort will be primarily focused on two subjects. The
first is the adequacy of the original single-axis, single-
frequency tests or analyses of equipment qualified per the
criteria of IEEE Std. 344-1971.

The second subject is the qualification of equipment for the
combined seismic¢ and hydrodynamic vibratory 1loadings. The
frequency of this vibration may exceed 33 hertz and negate the
original assumption of a components rigidity in some cases.

Attached Enclosure 110-4 describes the SQRT and its procedures.
Section V.2.A requires information which you should submit so
that SQRT can perform its review.

Several of the BWR Mark II OL applicants have stated in their
Closure Reports that equipment will be qualified for the SRSS
combination of the hydrodynamic and seismic required response
spectra (RRS). Similarly, when qualified by analysis, the peak
dynamic responses of the equipment to the hydrodynamic and
seismic loads will be combined by SRSS. The combining of SRSS
of either the RRS or peak dynamic responses for hydrodynamic
and seismic loadings is not acceptable at this time.

To aid the staff in its review, provide a compilation of the
required response spectra listed below for each floor of the
seismic Category I buildings at your plant.

(1) The RRS for the OBE or SSE, whichever is controlling.
If the OBE is controlling, explain why.

(2) The controlling hydrodynamic RRS

(3) Items (1) and (2) combined by SRSS

(4) Items (1) and (2) combined by absolute sum.

RESPONSE:

The concerns raised by this question are addressed in the SRQT
submittals of December, 1980, January, 1981, and February,
1981.
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QUESTION 110.51

FSAR Sections 3.10b.1.2.6.2(g) states that "the above tests are
used to validate an analytical method which is subsequently
used without the actual test data." Describe this analytical
method with emphasis on the following:

(1) Describe how this method considers the multifrequency,
triaxial response of the panel.

(2) Describe how this method predicts resonant response of
the panel and the corresponding amplified motion at the
instrument mounting locations.

(3) Describe how this method has been verified by test or
analysis and any limitations of the method.

RESPONSE:

See Subsections 3.10b.1 and 3.10b.2 for response.
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UESTION 110.52

In FSAR Sections 3.10b.2.4 and 3.10b.2.5 you state that a panel
is "required to withstand the seismic level of 1.5 g units."
Then you state that "the application seismic environment is
established by the particular floor spectra." Clarify these
statements to indicate their interrelationship, to define the
term "application seismic environment," and to describe more
clearly how the required response spectra for the component was
derived.

RESPONSE :

| see subsections 3.10b-1 and 3.10b.2 for response.
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QUESTION 110.53

Your discussion of Regulatory Guide 1.84 implies that ASME Code
Cases not approved by this guide were used in the design of
N8SS C(Class 2 and 3 components. Provide a 1list of each
unapproved Code Case used in the Susquehanna design. This
information is needed so that we can complete our review of the
design criteria that has been used for NSSS ASME Class 2 and 3
components.,

RESPONSE :

In the case of NSSS Class 2 and 3 components, no Code Cases
were used in the Susquehanna design.,
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QUESTION 110.54

The second paragraph of Section 3.7a.3.6.1 (first full
paragraph on page 3.7a-15) indicates that the seismic design is
based on the largest absolute value of the algebraic sum of one
horizontal response and the vertical response. (i.e., the
larger of [x + y] or [y + 2].

It is the Staff’s position that this may lead to non-
conservative results because of opposite signs tending to
cancel each other when not justified on a time history basis.
Therefore, the appropriate method should be to use the largest
value of the sum of the absolute values of one horizontal
response and the vertical response., (i.e., the larger of [x] +
{yl or (Y] + [z]. Provide a commitment to meet this position.

RESPONSE :

The seismic design of NSSS piping and equipment for combining
the responses to the spatial components of seismic excitation
will comply with the staff position of the largest value of the
sum of the absolute values of one horizontal response and the
vertical response (i.e., the larger of [x] + [y] or [y] + [z2].
However it should be noted that the "SSES" test in Section
3.7a.3.6.1 is correct and is also consistent with the staff
position because in the response spectrum method of modal
analysis the modal responses are first combined by "SRSS"
method and then the responses to the spatial components of
seismic excitation which are devoid of sign are combined by the
absolute sum method. Therefore, it is immaterial if the
respon?es are combined as [x + ¥y)] or [y + z] or [x] + [y] or
[yl + (z2].

See also the response to 110.48.
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QUESTION 110.55

Section 3.7a.3.7 (page 3.7a-15) indicates that all modes are
combined using the SRSS method when the response spectra method
of modal analysis is used.

It is the Staff’'s position that this may lead to non-
conservative results when dealing with closely spaced modes.
Several acceptable procedures for combining modal responses,
when closely spaced modes are present, are contained in
Regulatory Guide 1.92. Provide a commitment to meet the
procedures in Regulatory Guide 1.92.

RESPONSE :

The seismic design of Susquehanna SES was established prior to
the issuance of Regulatory Guide 1.92 and therefore the
consideration of closely spaced modes in the response spectrum
method of seismic analysis as described ‘in this Regulatory
Guide was not a licensing requirement for Susquehanna SES.
However, the seismic analysis of the NSSS ASME Safety Class 1
piping for SSES was updated by employing the double sum method
of Regulatory Guide 1.92 for combining closely spaced modal
responses. For other NSSS equipment where the response spectrum
method of seismic analysis was used, the square root of the sum
of the sguares method (SRSS) was used to combine the closely
spaced modes.
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QUESTION 110.56

The second paragraph of Section 3.7b.3.7 indicates that modal
responses will be combined in accordance with Section 5.2 of
BP-TOP-1, Rev., 2. This referenced topical report has not been
accepted by the Staff and a later revision (Rev. 3), which
revises Section 5.2, is currently under review by the Staff.
Therefore, to eliminate any possible confusion as to the
method {s) used for this plant, it is requested that you clearly
indicate the method(s) of combining modal responses which were
used.

Your attention is also directed to Question 110.55.
RESPONSE -

Refer to revised Subsection 3.7b.3.7 for response to this
question.
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QUESTION 110.57

It is the staff’s position that all essential safety-related
instrumentation 1lines should be included in the vibration
monitoring program during pre-operational or startup testing.
We require that either a visual or instrumented inspection (as
appropriate) be conducted to identify any excessive vibration
that will result in fatigue failure.

The essential instrumentation lines to be inspected should
include the following:

a) Reactor pressure vessel level indicator instrumentation
lines (used for monitoring both steam and water levels)

b) Main steam instrumentation lines for monitoring main
steam flow (used to actuate main steam isolation valves
during high steam flow)

¢) Reactor core isolation cooling (RCIC) instrumentation
lines on the RCIC steam line outside containment (used to
monitor high steam flow and actuate isolation)

d) Control rod drive lines inside containment (not normally
pressurized but required for scram)

RESPONSE :

The essential instrumentation lines will be inspected as part
of the pre-operational or startup testing for excessive
vibration levels although typically, these 1lines do not
experience high vibration levels.

a) Reactor pressure vessel level indicator instrumentation
lines will be walked down after installation by cognizant
design personnel to assure that the piping and
constraints are such that the steady state vibratory
effects of RPV induced vibration are minimized. The
instrumentation 1lines and constraints in the cold
condition will exhibit like vibratory behavior as in the
hot condition. Therefore, a visual inspection of the RPV
level instrumentation lines will be made during pre-
operation or startup testing during a recirc pump flow.
The acceptance criteria for the testing is an in FSAR
Section 3.9.2.1b.2.

b) Main steam instrument lines for monitoring main steam
flow will be walked down after initial operation by
personnel to assure that the steady state vibratory
effects will be minimized since the source of any
vibration would be main steam flow, a visual inspection
is impractical.
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Inspection using remote instrumentation and evaluation as
outlined in FSAR Section 3.9.2.1b.2 will be performed or,
if it can be demonstrated that the first mode vibration
of the instrument line has a frequency greater than main
steam line significant vibration mode freqg., the
instrumentation lines will be considered dynamically
isolated from the main lines and, as such, require no
vibration monitoring.

c¢) HPCI and RCIC instrument lines (to monitor high steam
flow) will be walked down by cognizant design personnel
after installation and prior to startup to assure that
steady state vibratory effects will be minimized. Any
vibration in these lines will result from steady state
vibrations of the large bore HPCI and RCIC turbines steam
supply lines., These steam supply lines are included in
the steady state power escalation testing. Remote
instrumentation will be placed on these steam supply
lines to assure that excessive vibration levels do not
exist. The remote instrumentation would identify any
large bore piping line. The test data will be evaluated
as described in FSAR Subsection 3.9.2.1b.2.

d) For Unit 1, the control rod drive inside containment will
be visually inspected during cold recirc. pre-operational
or startup flow testing for steady state vibratory
effects and during pre-operation rod insertion/withdrawal
testing for dynamic transient effects.

For Unit 2, the control rod drive inside containment will
be wvisually inspected only during preoperational rod
insertion/withdrawal testing for dynamic transient effect
(Ref. PLA-2142, dated March 29, 1984). The acceptance
criteria for the testing is in FSAR Subsection
3.9.2.1b.2,
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QUESTION 112.1

The information presented in Subsection 3.6.2.1.1 concerning
pipe break criteria for piping between containment isolation
valves 1is not completely acceptable. To justify a break
exclusion region in piping systems penetrating primary
containment, the criteria presented in Branch Technical
Position APCSB 3-1, Paragraph B.2d should be specified in
addition to the information presented. It is the staff’'s
position that one hundred percent volumetric examination of all
process piping welds in this region be performed during each
inspection interval.

RESPONSE:

This information is contained in revised Subsections 3.6.2.1.1
and 5.2.4.7.

Rev. 46, 06/93 : 112.1-1



SSES-FSAR

QUESTION 112.2

Provide sketches showing the locations of the resulting
postulated pipe ruptures, including identification of
longitudinal, and circumferential breaks, structural barriers,
if any, restraint locations, and the constrained direction in
each restraint.

Also provide a summary of the data developed to select
postulated break locations including, for each point, the
calculated stress intensity, the calculated cumulative usage
factor, and the calculated primary plus secondary stress range
as delineated in SRP Section 3.6.2, Paragraph III.I.b.

RESPONSE:

This information is contained in revised Subsection 3.6.2.1.1
and Figure 3.6-17.
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UESTION 112.3

Provide a summary comparison of the results obtained from the
use of each program in Subsection 3.9.1.2 of the FSAR with the
results derived from a similar recognized and approved program
or results from test problems.
RESPONSE :

Subsection 3.9.1.2 has been revised and Appendix 3.9A has been
added to provide the requested information.
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The information presented in Subsections 3.9.2.2b and 3.10 of
the FSAR concerning seismic qualification of Category 1
mechanical and electrical equipment may not be completely
acceptable. Criteria which is acceptable to the staff and is
currently being implemented on all plante is outlined in the
Regulatory Guide 1.100. Provide a comparison of your program
with the criteria of the above mentioned Regulatory Guide.

RESPONSE :

The implementation paragraph of this regulatory guide states
that the requirements of the position statements will only be
applied to plants that received construction permits after
November 16, 1976. The Construction Permit for Susguehanna SES
was issued in November 1973 and therefore the guidelines of
this regulatory guide have not been utilized in the design of
this nuclear power station.

Seismic qualification of the NSSS safety related electric
equipment has been conducted in accordance with the IEEE
Standard 344-1971. Section 3.10a describes the complete
qualification methods and procedures that have been utilized.

For an explanation of seismic qualification criteria for non-
NSSS eqguipment, see the following subsections:

a) Mechanical Comﬁonente - revised Subsection 3.9.2.2b and
new Table 3.9-18;

b) Instrumentation - revised Section 3.10b;

c) Electrical Components - revised Subsection 3.10c.2.2 and
revised Table 3.10c-1.
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Explain in detail how the loads discussed in Subsections
3.9.2.2a, 3.9.2.2b.2, 3.9.3.1 and Table 3.9-2 of the FSAR are
combined for various plant conditions. Table 3.%-2(d) of the
FSAR shows that for Emergency and Faulted conditions, the peak
loads are combined using the square root of the sum of the
squares method. It is the staff’'s position that these peak
loads be combined by absolute sum unless acceptable
justification is provided for an alternative method of
combination. Provide such justification, or alternatively
evaluate the effect of combining responses to dynamic loads by
absolute sum on componente and supports.

RESPONSE :

For the method of Load Combination for emergency and faulted
plant conditions for non-NSSS ASME III Class 1, 2, and 3
components, see Table 3.9-6 and revised Subsections 3.9.3.1.19
and 3.9.2.2b.2.

The combination of loads discussed in Subsections 3.5.2.2a
(NSSS componente) and 3.9.3 is detailed in Table 3.9-2. Table
3.9-2 is the major part of this section and presents the
loading combinations, analytical methods (by reference or
example) and also the calculated stress or other design values
for the most critical areas in the design of each component.
These calculated values are also compared to the applicable
code allowables. The combining of two or more peak dynamic
loads by the SRSS method in Table 3.9-2(d) is a generic issue
and has been recently addressed and resolved by GE and Mark II
owners group (see NUREG 0484). The generic resolution applies
to Susquehanna SES.
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Question 112.6

Recent analyses have shown that certain reactor system
components and their supports may be subjected to previously
underestimated asymmetri¢ loads under the conditions that
result from the postulation of ruptures of the reactor coolant
piping at various locations. It is therefore necessary to
reassess the capability of these reactor system components to
assure that the calculated dynamic asymmetric loads resulting
from these postulated pipe ruptures will be within the bounds
necessary to provide high assurance that the reactor can be
brought safely to a cold shutdown condition. For the purpose
of this request for additional information, the reactor system
components that require reassessment shall include:

(1) Reactor Pressure Vessel

{2) Fuel Assemblies, including Grid Structures

(3) Control Rod Drives

{4) ECCS Piping that is attached to the Primary Coolant
Piping

(5) Primary Coolant Piping

{6) Reactor Vessel and Pump Supports

{7) Reactor Internals

(8) Biological Shield Wall and Neutron Shield Tank (where
applicable)

(9) Pump Compartment Wall

The following information should be included in the FSAR about
the effects of postulated asymmetric LOCA loads on the above-
mentioned reactor system components and the reactor cavity
structure.

(1) Provide arrangement drawings of the reactor vessel, and
pump support systems to show the geometry of all
principal elements and materials of construction,

(2) If a plant-specific analysis will not be submitted for
your plant, provide supporting information to
demonstrate that the generic plant analysis under
consideration adequately bounds the postulated
accidents at your facility. Include a comparison of
the geometric, structural, mechanical and thermal
hydraulic similarities between your facility and the
case analyzed. Discuss the effects of any differences.

(3) Consider all postulated breaks in the reactor coolant
piping system, including the following locations:

(a) Steam line nozzles to piping thermal ends.
(b) Feedwater nozzle to piping terminal ends.
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{(c) Recirculation inlet and outlet nozzles to
recirculation piping terminal ends.

Provide an assessment of the effects of asymmetric
pressure differentials' on these systems/components in
combinations with all external loadings including safe
shutdown earthquake loads, asymmetric cavity
pressurization for both the reactor vessel, and
recirculation pump which might result from the required
postulate. This assessment may utilize the following
mechanistic effects as applicable:

(a) limited displacement break areas

(b) fluid-structure interaction

(c) actual time-dependent forcing function
(d) reactor support stiffness

(e) break opening times.

(4) If the results of the assessment required by Item 3
above indicate loads leading to inelastic action in
these systems or displacement exceeding previous design
limits provide an evaluation of the inelastic behavior
(including strain hardening) of the material used in
the system design and the effect of the 1load
transmitted to the backup structures to which these
systems are attached.

(5) For all analysis performed, include the method of
analysis, the structural and hydraulic computer codes
employed, drawings of the models employed and
comparisons of the calculated to allowable stresses and
strains or deflections with a basis for the allowable

values.

(6) Provide an estimate of the total amount of permanent
deformation sustained by the fuel spacer grids.
Include a description of the impact testing that was
performed in support of your estimate. Address the
effects of operating temperatures, secondary impacts,
and irradiated material properties (strength and
ductility) on the amount of predicted deformation.
Demonstrate that the fuel will remain coolable for all
predicted geometries.

' Blowdown jet forces at the location of the rupture {reaction forces), differential pressures in
the annular region between the vessel and the shield, and transient differential pressures across
the core barre! within the reactor vessel.
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(7) Demonstrate that active components will perform their
safety function when subjected to the postulated loads
resulting from a pipe break in the reactor coolant
system.

(8) Demonstrate functionability of any essential piping
where service level B limits are exceeded.

RESPONGSE:

In accordance with NRC letter from Mr., Olan D. Parr (NRC) to
Mr. N. W. Curtis (PP&L) dated February 8, 1979, Question 110.32
replaces Question 112.6, therefore it is no longer necessary to
respond to Question 112.6.
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QUESTION 112.7

Most of the operating BWR plants have reported finding radial
cracks on the reactor vessel feedwater nozzle and the CRD
return line, Describe what design modifications will be made
to eliminate this problem. 1In addition, provide a description
of the analyses that will be performed to demonstrate the
adequacy of the reactor vessel feedwater nozzle and CRD return
line to withstand the imposed service condition without the
cracking experienced in the operating plants.

RESPONSE :

The mechanisms which have caused cracking in operating BWRs are
understood. A summary discussion of the previously observed
problems and the solutions incorporated in the Susqguehanna
design is presented in the following.

A detailed evaluation of the problems of the feedwater nozzle
and sparger is presented in NEDE-21821 "BWR Feedwater
Nozzle/Sparger Final Report" March 1978. The solution of the
feedwater nozzle and sparger cracking problems involves several
elements, including material selection and processing, nozzle
clad removal, and thermal sleeve and sparger redesign. The
following summarizes the problems that have occurred in the
nozzle and sparger and shows the solution that eliminates each
problem:

Problem aus Fix
Sparger arm Mechanical Eliminate/minimize
cracks fatigue clearance between
thermal sleeve and
safe end.
Thermal Eliminate low flow
fatigue stratification by
use of top-mounted
elbows.
Flow hole Thermal Eliminates
cracks fatigue separation by use
of converging
nozzles.
Nozzle cracks Thermal Eliminate clad,

control leakage,
protect nozzle with
multiple sleeves.
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The sparger vibration has been attributed to a self-excitation
caused by instability of leakage flow through the annular
clearance between the thermal sleeve and safe end. Tests have
shown that the vibration is eliminated if the clearance is
reduced sufficiently or sealed. The solution which has been
selected uses a two-stage piston ring seal mounted in the
thermal sleeve in conjunction with an interference fit between
the sleeve and safe end. This feature is also an essential
part of the solution of the nozzle cracking problem, and is
described later in more detail. Freedom from vibration over a
range of conditions has been demonstrated by the tests reported
in NEDE-21821, Section 4.

Sparger arm cracking has also been caused by thermal fatigue,
both at the flow holes and adjacent to the tee connection with
the thermal sleeve. In both cases, excessive cyclic thermal
stresses are caused by the exposure of material in a
constrained structure to an unstable boundary between cold
feedwater fluid and hot reactor fluid. At low feedwater flow,
the presence of exit flow holes at the midplane of the sparger
allowed the sparger to be only partially filled with ceold
fluid. This caused a temperature gradient from the top of the
sparger to the bottom, with associated bending stresses which
changed directly with changes in the flow gradient. Relocation
of the exit flow holes at the top of the sparger allows
complete filling of the sparger with the feedwater fluid even
at low flow, producing a more stable and homogeneous
temperature distribution. As shown by the data reported in
NEDE-21821, Section 4.3, stratification has been eliminated
over the range of operating flows.

Flow hole cracks occurred partly because the surface of the
hole was constrained by the in-plane stiffness of the
surrounding sparger material when exposed to the exit flow to
reactor coolant gradients, and partly because the gradients
themselves were unstable. The instability of the gradients
resulted from changing location of the operation point between
the cold exit flow and the warmer boundary layer produced by
heating of the sparger by reactor fluid.

The result was a high-cycle thermal stress around the edge of
the hole. This condition is eliminated by the exit flow elbows
which have a long enough exit throat to stabilize the flow
separation.

Also, the thermal stress produced by a given gradient is much
less with the exit hole in a cylindrical tube, rather than in
what previously would behave locally more as a flat plate.
Testing, as reported in NEDE-21821, Section 4.3, has shown that
the high frequency cycling is eliminated by the new design.
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In order to allow for removal of the sparger, it is necessary
to provide a sealed joint between the nozzle safe end and the
thermal sleeve. This seal is achieved by use of a metal piston
ring backed up with a coil spring expander. Even if the piston
ring seal was leaktight when initially installed, its long-term
sealing ability is unknown. The effects of wear and corrosion
on the mating safe end surface would eventually cause leakage
to increase to the point where nozzle cracking would initiate.
The rate of deterioration is unpredictable but is expected to
be short relative to the life of the pressure vessel. To
provide protection against seal failure resulting in nozzle
cracking, the second piston ring and the added thermal sleeves
have been incorporated in the new design. It has been
demonstrated by test that the triple thermal sleeve arrangement
prevents the leakage flow causing nozzle cracking. This is the
result of the concentric sleeve arrangement channeling leakage
away from the nozzle end and the fact that the second seal is
exposed to very low driving pressures, making leakage past it
very small.

As was mentioned earlier, the cracking of the feedwater nozzles
is a two-part process. The crack initiation mechanism as
discussed above is the result of self-initiated thermal
cycling. If this were the only mechanism present, the cracks
would initiate, grow to a depth of approximately 0.25 inch, and
arrest. This degree of cracking could be tolerated, but
unfortunately there is another mechanism which supports crack
growth. This mechanism is the system induced transients,
primarily the startup/shutdown transients. The triple thermal
sleeve arrangement also assists in this area because, even with
the piston rings leaking, the heat transfer coefficient between
the feedwater and the nozzle are reduced to the point where the
thermal stresses in the nozzle are not high enough to cause
significant crack growth. Analysis presented in NEDE-21821,
Section 4.6, demonstrates this benefit and the benefit of using
unclad nozzles.

The cracking of the CRD return nozzles is caused by a mechanism
which is very similar to that which caused cracking in the
feedwater nozzles - thermally induced fatigue.

The CRD return flow is always at a low temperature. The low
flow rate is also low and as the fluid passes through the
nozzle it mixes with the hot (540°F) reactor coolant. This
mixing is turbulent and results in alternating hot and cold
cycling on the nozzle wall. The result is high cycle fatigue
which initiates cracking. This mechanism has been demonstrated
by test. Tests have also demonstrated that lower-freguency
thermal cycles occur in a stagnant CRD return line nozzle.
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The fix for this problem is the elimination of the CRD return
flow to the vessel nozzle. It has been shown that the CRD
system will operate satisfactorily with the return line cut and
capped. This has been demonstrated by tests at Peach Bottom,
Fitzpatrick, and other operating BWR's.

Stress analyses in keeping with the requirements of the ASME
Code, Section III, will be performed to demonstrate the
adequacy of the reactor vessel feedwater nozzle (and sparger)
and the CRD return line nozzle cap.
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QUESTION 112,8

Provide the criteria used in the design of supports for all
ASME Class 1, 2 and 3 active pumps and valves to assure that
the supports do not deform to the extend that operability of
the supported components will not be impaired.

RESPONSE :

The recirculation piping suspension system to be supplied by GE
will use three types of component supports. These are hangers,
struts and snubbers to support the recirculation pumps and
valves.

The design of the hanger supports which carry the load caused
by dead weight only has already been completed and is in
accordance with the rules and regulations of ANSI Code B31.7.
The scope of supply responsibility of the component supports
such as struts and snubbers which carry the dynamic loads is
presently in the process of being negotiated between the
customer and GE. In the event GE is responsible for supplying
struts and snubbers, the design will comply with the
requirements of ASME Code Section III, Subsection NF. All the
component supports are designed, fabricated and assembled so
that they cannot become disengaged by the movement of the
supported pipe or equipment while performing its function
during the various operating conditions of the plant. The
design load on each of these component supports is identified
as follows:

(a) Hangers

The design load on hangers is the load caused by dead
weight. The hangers are calibrated to ensure that they
support the design load at both their hot and c¢old load
settings. Hangers provide a specified down travel and
up travel in excess of the specified thermal movement.

(b) Struts

The design load on struts includes those loads caused by
dead weight. Thermal expansion, primary seismic loads,
i.e. operating basis earthquake (OBE) and safe shutdown
earthquake (SSE) and system anchor displacements, etc.

(c) Snubbers
The design load on snubbers includes those loads caused

by seismic forces (OBE and SSE) and system anchor
displacements, etc.
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The analyses that are used for the design of these component
supports to ensure that all such supports will not deform to
the extent that would impair the pressure-retaining integrity
of the supported components under normal, upset, emergency and
faulted plant conditions, can essentially be divided into three
parts as given below:

(a)

(b)

(c)

Piping analysis to determine design loads on component
supports.

The piping analysis is performed with GE SAP4 program.
SAP4 is general Structural Analysis Program for static
and dynamic analysis of 1linear elastic complex
structures. The finite element displacement method is
used to solve for the displacements and loads and
compute the stresses of each element of the structure.
The loads resulting from thermal expansion, dead weight,
primary seismic loading (OBE and SSE), and system anchor
displacements are first determined individually and then
combined under normal, upset, emergency and faulted
plant conditions to determine the design locad on the
respective component support. Piping supportse are then
designed by the load rating method and, in general, the
load combinations for the various plant operating
conditions correspond to those used to design the
supported pipe.

Design transient cyclic data are not applicable to
piping supports as no fatigue evaluation is necessary to
meet Code reguirements.

Selection from the vendor data.

After determining the design load by piping analysis,
component supports are selected from the vendor data
that indicates loads are equal to or below the 1load
rating of the components.

Analvysis and/or tes to monstrate ¢ceptability

The vendor performs analyses and/or tests to demonstrate
acceptability for his load rating data on component
supports. Also, the vendor performs analyses and/or
tests to demonstrate that all such component supports
will not deform under faulted plant conditions to the
extent that would impair the required operability of the
supported components to perform a safety function for
gsafe shutdown of the plant.

For non-NSSS supports, please see Subsection 3.9.3.4.6 for a
discussion of design criteria.
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QUESTION 112.9

Provide the following information in the FSAR:

(1) A tabulation of snubbers utilized in your facility as
supports for safety related systems and components
including:

(a) System identification and location

(b} Type (hydraulic, mechanical)

(¢) Fabricator and rated load capacity

(d) Function (shock or vibration arrestor, dual
purpose)

(2) A summary of the contents of the snubber design
specifications.

(3) A description of snubber suppliers performance
qualification tests and load tests.

(4) A summary of system and component structural analyses
showing:

(a) Structural analysis model.

(b) Description of the characterization of snubber
mechanical properties used in the structural
analysis including considerations such as (i)
differences in tension and compression spring
rates, (i1) effect of entrapped air and
temperature on fluid properties, (iii) other
factors affecting snubber characteristics.

(c) List load conditions and transients analyzed.

(d) Maximum snubber 1loads, corresponding piping or
component stresses.

(e) Comparison of computed loads and stresses from (d)
above with rated snubber load and component stress
intensity limits.

RESPONSE:

See revised Subsection 3.9.3.4.6 for this information.
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QUESTION 112.10

To aid us in our licensing review of Susquehanna, you are
requested to provide the following information to us:

1.

Describe those actions being taken by you to preclude
the occurrence of cracking such as described in 1E
Bulletin 80-07.

Provide a commitment to adopt whatever long-term
solution is approved. :

I1f you anticipate receiving an Operating License before
a long-term solution is agreed upon, describe any
short-term actions which you will take to prevent or
detect excessive cracking.

Provide a rationale as to why these actions are
sufficient to justify plant operation until a long-term
solution is found.

RESPONSE:

1.

Those step(s) to be taken to preclude the occurrence of
cracking of the jet pump hold-down beams such as
described in 1E Bulletin 80-07 are described in PLA-670
N. W. Curtis to B. J. Youngblood, dated March 25, 1981.

It ie anticipated that there will be alternative long
term solutions developed and approved. These approved
solutions will be evaluated at the conclusion of
current investigative activities and a commitment made
at that time,

If a long term solution is not agreed upon prior to
receipt of an operating license, the following short
term actions will be taken to prevent or detect
excessive cracking:

a. A procedure will be instituted to monitor jet
pump loop flow/recirculation pump speed ratios
daily. A deviation from the normal range may
indicate a problem wherein individual jet pump
performance data will be used to determine if a
problem exists.

b. A performance monitoring program will be
established to obtain and periodically update a
"normal" operation data base. Operating data
will then be compared to the data base at least
weekly to provide an early indication of
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potential problems. Calibration checks of the
instrumentation used in this program will be
performed at least every 18 months or more
frequently should there be a tendency for
significant drift over the 18 month period.

c. A review of the jet pump operability technical
specifications will be performed with the
objective of making them more responsive to
Operating experience. The recommended Technical
Specification includes daily monitoring of
Recirculation Pumps Flow/Speed Ratio and Jet Pump
Loop Flow/Pump Speed Ratio to detect potential
problems.
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QUESTION 1231.1

Provide a sketch of the Susquehanna reactor vessels (including
dimensions} showing all longitudinal and circumferential welds,
and all forgings and/or plates. Welds should be identified by
a shop control number (such as a procedure gqualification
number), the heat of filler metal, type and batch of flux, and
the welding process. Each forging and/or plate should be
identified by a heat number and material specification.

RESPONSE:
Unit 3:

Vessel Beltline Material ‘Identification = Susquehanna SES
Unit 1.

A. Lower Shell Course (CBIN Dwg R-1, Rev. 4, Contract
No. 683331)

1, Plates
PC # iD # MELT # SLAB §
21 1 CB5083 1
21 2 C0770 2
21 3 Co8l4 2
2. Welds

The vertical welds and girth weld for this shell course
were completed in the "field." Records were not kept on
which of the electrodes, identified by heat and 1lot
numbers, were used in the weld-up of the specific field
welds of this shell asgembly. It is assumed that any of
the SMAW electrodes - type 8018 released for field
welding could have been used on any or all of the
associated seams in the beltline region.

Electrodes released for the field welding of these plates
are as follows:

Iype Lot No., = Heat No,
SMAW Electrode Type 8018 B504B27AE 40180371
SMAW Electrode Type 8018 629616 L320A27AG
SMAW Electrode Type 8018 402K9171 K315A27AE
SMAW Electrode Type 8018 41153071 L311A27AE
SMAW Electrode Type 8018 494K2351 L307A27AD
SMAW Electrode Type 8018 C115A27A 402C4371
SMAW Electrode Type 8018 J417B27A 412P3611
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B. Lower Intermediate Shell Course
1. Plates
EC # ID 4 MELT # SLAB #
22 1 co803 1
22 2 Co77¢ 1
22 3 C2433 1
2. Welds
The vertical welds and the girth weld for this shell course
were completed in the "field.® Records were not kept on
which of the electrodes, identified by heat and lot numbers,
were used in the weld-up of the specific field welds of the
shell assembly. - It is assumed that any of the SMAW
electrodes (type 8018) released for field welding could have
been used on any or all of the associated seams in the
beltline region.
Electrodes .released for the field welding of these plates
are as follows:
Iype Lot No. Heat No.
SMAW Electrode Type 8018 B504B27AE 40180371
SMAW Electrode Type 8018 629616 L320A27AG
SMAW Electrode Type 8018 402K8%171 K315A27AE
SMAW Electrode Type 8018 411L3071 L311A27AF
SMAW Electrode Type 8018 494K2351 L307A27AD
SMAW Electrode Type 8018 C115A27A 402C4371
SMAW Electrode Type 8018 J417B27AF 412P3611
Unit 2:
Vessel Beltline Material 1Identification = Susquehanna S8ES
Unit 2
A. Lower Shell Course

1. Plates
PC ID# MELT # SLAB #
21-1 6C956 1-1
21-2 60980 1-1
21-3 6C1053 1-1
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2. Welds

The vertical welds and girth weld for this shell course
were completed in the "field." Records were not kept on
which of the electrodes, identified by heat and lot
numbers, were used in the weld-up of the specific field
welds of this shell assembly. It is assumed that any of
the SMAW electrodes - type 8018 released for field
welding could have been used on any or all of the
associated seams in the beltline region.

Electrodes released for the field welding of these plates
are as follows:

Iype Lot No. Heat No.
SMAW Electrode Type 8018 B504B27AE 40180371
SMAW Electrode Type 8018 629616 L320A27AG
SMAW Electrode Type 8018 402Ks8171 K315A27AE
SMAW Electrode Type 8018 411L3071 L311A27AF
SMAW Electrode Type 8018 494K2351 L307A27AD
SMAW Electrode Type 8018 Cl15A27A 402C4371
SMAW Electrode Type 8018 J417B27A 412P3611
SMAW Electrode Type 8018 C10SA27A 09MO0OS57
SMAW Electrode Type 8018 E204A27A 624263
SMAW Electrode Type 8018 F414B27AF 659N315
B. Lower Intermediate Shell Course

1. Plates
BC _ID# MELT & SLAB #
22-1 C2421 3
22-2 C2929% 1
22-3 C2433 2

2. Welds

The vertical welds and girth weld for this shell course were
completed in the "field.® Records were not kept on which of
the electrodes, identified by heat and lot numbers, were
used in the weld-up of the specific field welds of this
shell assembly. It is assumed that any of the SMAW
electrodes (type 8018) released for field welding could have
been used on any or all of the associated seams in the
beltline region.

Electrodes released for the field welding of these
plates are as follows:
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SMAW
SMAW
SMAW
SMAW
SMAW
SMAW
SMAW
SMAW
SMAW
SMAW

Rev, 46,

Electrode
Electrode
Electrode
Electrode
Electrode
Electrode
Electrode
Electrode
Electrode
Electrode

06/93

Type
Type
Type
Type
Type
Type
Type
Type
Type
Type

SSES-FSAR

8018
8018
8018
8018
8018
8018
gols
8018
8018
8018

121.1-4

Lot No.

B504B27AE
629616
402K9171
41113071
454K2351
C115A27A
J417B27AF
Cl09A27A
E204A27A
F414B27AF

Heat' No,

40150371
L320A27AG
K315A27AE
L311A27AF
L307A27AD
402C4371
412P3611
0SM0S7
624263
659N315
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QUESTION 121 .2

Supply the following information for each of the ferritic

material
coolant

{1)

(2)

For each

s of the pressure retaining components in the reactor
pressure boundary of the Susquehanna plant:

The unirradiated mechanical properties as reguired by
the testing programs in Section III of the ASME Code
and Appendix G of 10 CFR Part 50 (test results to be
presented should include Charpy V-notch, dropweight,
lateral expansion, tensile, upper shelf energy, Tnpt
and RTnpt) . If any of these properties have not been
determined by a test method required by Appendix G of
10 CFR Part 50, state the actual test procedure used
and/or the method used to estimate the test result
together with a complete technical justification of the
procedure used.

Identify the material(s) in the reactor coolant
pressure boundary that will limit the
pressure-temperature operating curves at the beginning-
of-life.

reactor vessel beltline weld, plate or forging provide

the following information:

(3)

(4)

(5)

The chemical composition {particularly the Cu, P and S
content) and the maximum end-of-life fluence.

The relationship used to predict the shift in RTppt
and percent decrease in upper shelf energy as a
function of neutron fluence.

Identify the material(s) in the reactor coolant
pressure boundary that will limit the
pressure-temperature operating curves and the end-of-
life.

RESPONSE :

(1)

Rev. 46,

The Susquehanna SES Unit No. 1 reactor pressure vessel
was ordered prior to the issuance of Appendix G 10 CFR
Part 50. The ferritic material for the pressure
boundary was qualified by dropweight testing for the
shell plate material and both dropweight and Charpy
V-notch testing for the weld material, The test
results, along with the specific requirements
prevailing at the time of vessel ordering are
summarized in the tables which follow.

06/93 121.2-1
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Impact Properties of SA533, Grade B, Ciass 1
Plate Material in Beltiine Region

Location Plates Drop Wt. NDTT (°F)
Lower Shell Course 21-1 -10°F
: 21-2 -30°F
21-3 -30°F
Lower Intermediate 221 -10°F
Shell Course 22-2 - -30°F
22-3 -S0°F

Impact Properties of Weld Materials Employed
In the Beltline Region

— e =
Weld
Material Charpy "V~ Test Temp. Required Drop Wt.
Identification (FtAb} °F NDTT °F
Lot #B504B27AE 57, 68, 62 -20 30 ft/ibs at -80
H: #40150371 10°F
Lot #629616 51, 62 +10 " -70
Ht #L320A27AG
Lot #402K9171 58, 58 +10 " <70
Ht #K315A27AE
Lot #411L3071 51, 67 +10 " -70
Ht #L311A27AF
Lot #494K2351 87, 96 +10 ® -80
Ht #L307A27AD
Lot #C115A27A 82, 84, 92 +10 " N/R
Ht #402C4371
52, 65, 69 -20 " -80
Lot #J417B27AF
Ht #412P3611

Note: N/R - Not Reported

Unirradiated fracture toughness properties (Typr. RTNpT and
upper shelf fracture energy) as required by Appendix G. 10 CFR
Part 50, identifying the limiting material in the reactor
vessel beltline region.

The Susquehanna SES Unit No. 2 reactor pressure vessel was
ordered prior to the issuance of Appendix G, 10 CFR Part 50.
The ferritic material for the pressure boundary was qualified
by dropweight testing for the shell plate material and both
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dropweight and Charpy V-notch testing for the weld material.

The

test results,

along with the

specific

requirements

prevailing at the time of vessel ordering are summarized in the
tables which follow.

Impact Properties of SA533, Grade B, Class 1
Plate Material in Beftling Region

Location Plates Drop Wt. NDTT (°F)

tower Shell Ring 211 -20°F

21-2 -20°F

21-3 +10°F
Lower Intermediate 2241 -10°F

Shell Ring 22-2 -20°F
22-3 -30°F
Impact Properties of Weld Materials Employed
In the Beltline Region
Weld Material Charpy "V" Test Temp. Required Drop W1
Identification {FtAb) oF NDTT °F
Lot #B504B27AE 57,58, 62 -20 30 ftNbs at -80
Ht #40150371 10°F
Lot #629616 51,62 +10 " -70
Ht #L320A27AG
Lot #402K9171 58, 58 +10 " -70
Ht #K315A27AE
Lot #411L3071 b1, 67 +10 " -70
Ht #L311A27AF
Lot #494K2351 87, 96 +10 - -80
Ht #L307A27AD
tot #C115A27A 82,84, 92 +10 * N/R
Hr #402C4371
Lot #J417B27AF 62, 65, 69 -20 . -80
Ht #412P3611
lot #C108A27A 43, 43, 44 +10 " N/R
Ht #09MO57?7
Lot #E204A27A 26, 38, 42, -20 - -70
Ht #624263 50, 76
Lot #F414B27AF 74,76, 77 -10 - -80
Ht #659N315
Note : N/R - Not Reported
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(2) Intermediate shell plate 23-3, Heat Slab No. C1232-2 is
initially limiting for Susquehanna Unit 1. Core beltline
plates 22-1, 22-2, & 22-3, Heat & Slab Nos. 6C956-1-1,
6C980-1-1, & 6C1053-1-1 respectively are initially limiting
for Susquehanna Unit 2 with respect to pressure-temperature
operating curves at the beginning-of-life. The feedwater

nozzles will also be 1limiting at lower pressures as

indicated on Figures 5.3-4 and 5.3-5 for Units 1 & 2.
(3) Vessel Plate jal Su anna SES Unit 1

C. Mn P s Cu Si Ni Mo
(Values are shown in percent)
== S e ==
Lower Shell
PC 21-1, Melt #B85083, |.21 1.27 |.010 |.019 |.14 .25 48 51
Slab #1
PC 21-2, Melt #C0770, | .22 1.23 |.008 |.016 |.14 19 .50 .49
Slab #2
PC 21-3, Melt #C0814, |.20 [1.36 |.011 016 .13 |.26 .51 .51
Slab #2
Lower Intermediate Shell
PC 22-1, Melt #C0803, |.21 1.30 J.009 |.019 |.09 |.24 53 52
Stab #1
PC 22-2, Melt #C0776, | .22 1.34 |.0010 |.010 |.12 .27 .48 .48
Slab #1
PC 22-3, Melt #C2433, |.18 1.30 009 0156 | .10 .23 63 57
Slabh #1
C Mn P S Cu Si Ni Mo Cr vn
{Values are shown in percent)
—— e —

Weld Material - Unit 1
Type SMAW
Electrode 8018
Lot # and Heat #
Lot #8504B27AE |.05 1.18)] .013| .012| .03 371 1.0 .56 .03 .02
Ht #401S0371 4
Lot #629616 .05 1.17].016| .018| .04 441 .99 b5 .05 02
Ht #L320A27AG
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C Mn P $§ Cu Si Ni Mo Cr vn
Lot #402K9171 06 1.15].015] .016] .03 36| .98 53 05| .02
Ht #K315A27AE
Lot #411L3071 .05 1.20] .016| .0t9} .03 46| .93 .50 041 .02
Ht #L311A27AF
Lot #494K2351 .05 1.18}] .015] .017| .04 37 11 57 .04 02
Kt #L307A27AD 0
Lot #C11bA27A |.033 | 1.22|.009| .014| .02 491 92 B571 N/R{ NR
Ht #402C4371
Lot #J417B27AF {.07 1.10} .016} .019] .03 36| .93 47 .03 .02
Ht #412P3611
Note: N/R - Not Reported

a r -
o Mn P s Cu Si Ni Mo
{Values are shown in percent)

Lower Shell
PC 21-1, Melt #6C956, .18 1.43 [.012 |].006 |.11 .22 .55 .52
Stab #1-1
PC 21-2, Melt #6C980, 19 1.35 {.011 006 {.10 .22 .66 51
Slab #1-1
PC 21-3, Melt #6C1053, .18 1.37 012 010 {.10 .30 .58 .50
Slab #1-1
Lower Intermediate Shell
PC 22-1, Melt #C2421, .19 1.22 .007 011 .13 .25 .68 .55
Slab #3
PC 22-2, Melt #C2929, .20 1.27 006 015 .13 22 .64 .56
Stab #1
PC 22-3, Melt #C2433, A8 130 |.002 {.015 {.10 23 63 .67
Slab #2
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C Mn P S Cu Si Ni Mo Cr Vn

{Velues sre shown in percent}

Weld Materia! - Unit 2

Type SMAW
Electrode 8018
Lot # and Heat #

Lot #B504B27AE |.05 | 1.18].013]| .012| .03} .37] 1.04 b6 .03| .02
Ht #40180371

Lot #629616 .05 ]11.17] .015] .018] .04| .44 .99 .55 .05] .02
Ht #L320A27AG

Lot #402K9171 06 | 1.15].015| .016| .03| .36] .88 .83| .05| .02
Mt #K315A27AE

Lot #411L3071 05 |1.20|.016| .019| .03] .46| .93| .50] .04| .02
Ht #L311A27AF

Lot #494K2351 .05 |1.18].015] .017] .04] .37] 1.10] .67| .04] .02
Ht #L307A27AD

Lot #C115A27A |.033| 1.22} .009| .014| .02} - .48} .92 57| N/R! N/R
Ht #402C4371 )

Lot #J417827AF |.07 | 1.10}.0186! .018| 03] .36] .93) .47] .03] .02
Ht #412P3611

Lot #C109A27A |.063 | 1.18| .009] .021| .03| 47| .89] .63{ N/R| NR
Ht #0SMO57

Lot #E204A427A {.051 ] 1.08] .010| .023| .06|f .38 .89 60| N/MR| N/R
Ht #624263 :

Lot #F414B27AF |.05 | 1.14| .015] .013}] .04 .35| 1.00| .49 05] NR
Ht #659N315

Note: N/R - Not Reported

The maximum end-of-life fluence is 1.4 x 10" n/em? at 1/47T
depth of the vessel beltline material for Units 1 and 2.

{(4) This information is contained in Subsection 5.3.1.4.1.7.

(5) Core beltline plates 22-2 & 22-3, Heat.& Slab Nos. C0776-1
and C2433-1 are limiting at end-of-life for Susquehanna
Unit 1. For Susquehanna SES Unit 2, the core beltline
plates which were limiting at the beginning-of-life (see
response to 121.2 (2) are also limiting at the end-of-life.
The feedwater nozzles are also limiting at lower pressures
for Units 1 & 2 as shown on Figures 5.3-4 and 5.3-5.
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TION 121.3

The FSAR states that compliance with Appendix G of 10 CFR
Part 50 and Appendix G of Section III of the ASME Code was not
possible for components purchased prior to the issuance of the
Summer 1972 Addenda of the ASME Code without replacement of
large amounts of materials, reworking of fabricated components
and the revision of most all of the design analyses for the
components.

The details of the method of compliance as stated in the FSAR
are insufficient to identify the areas of noncompliance with
Appendix G of 10 CFR Part S50. The applicant should state
specifically those sections in which strict compliance with the
regulations was not achieved.

The technical bases for the proposed alternate methods used to
satisfy the requirements of those sections of Appendix G of 10
CFR Part 50 where strict compliance was not achieved should be
presented. These bases should include technical justification
to demonstrate that the proposed alternatives provide
acceptable safety margins relative to the Appendix G
requirements.

RESPONSE :

See revised Subsection 5.3.1.5.
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QUESTION 121 .4

Paragraph II.C.2 of Appendix H. 10 CFR Part 50 states:
"Surveillance capsules containing the surveillance specimens
gshall be located near but not attached to the inside vessel

wall in the beltline region..." FSAR Section 5.3 indicates
that the capsule holder brackets were welded to the reactor
pressure vessel inner wall. Present sufficient design and

fabrication detail to demonstrate that the capsule attachments
were designed and constructed in accordance with accepted
standards, such as the ASME Code Section III rules for
attachments to vessels.

RESPONSE:

The surveillance brackets are welded to the clad material which
surfaces the pressure vessel and are, therefore, not attached
to the pressure boundary directly. As attached, the brackets
do not have to comply with specifications of the ASME Pressure
Vessel Code.- See Figure 121.4-1.
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QUESTION 121.5

In FSAR Sections 1.6 and 5.3 General Electric Report NEDO-
20631, "Mechanical Property Surveillance of Reactor Pressure
Vessels for General Electric BWR-6 Plants," dated March 1975,
is referenced.

This report has not been submitted for review. Therefore the
information referenced by the GE report must be provided in the
FSAR so that an evaluation of compliance with Appendix H of 10
CFR Part 50 can be made for this plant.

RESPONSE:

The report NEDO-20631 has been withdrawn as a reference for
Susquehanna SES, and was replaced by report NEDO-21708,
"Radiation Effects in Boiling Water Reactor Pressure Vessel
Steels," dated October 1977. The NRC staff has been provided
NEDO-21708 for review. NEDO-21708 addresses the reguirements
of Appendix H to 10CFR Part 50 and supports the current
application of Regulatory Guide 1.99.
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QUESTION 121.6

To provide assurance that high energy turbine missiles will not
be produced at operating speed or design overspeed, provide
documentation (including the results of material property
testing) to show the degree of conformance of the turbine-
generator with the guidelines in SRP 10.2.3, "Turbine Disk
Integrity," Paragraph II, "Acceptance Criteria."

RESPONSE :

Turbine disk integrity is discussed in Section 10.2.3. Results
from tests on the disks are given below.

High Pressure Rotor

The high pressure turbine rotors were forged from vacuum
degassed NiCrMoV steel. Final rotor properties were verified
by tests after a suitable quench and temper. The measured
rotor properties, together with a 100% volumetric (ultrasonic)
evaluation, form the basis for rotor material acceptance.

Material properties of high pressure rotors on turbines 170 X
592 and 170 X 593 have been examined and the rotors were found
acceptable for their intended application. In particular, the
high pressure rotors on above units have bore measured room
temperature Charpy energies in excess of 50 foot pounds and
bore measured 50% fracture appearance transition temperatures
(FATT) below S0°F.

The ratic of fracture toughness K, to maximum tangential stress
for above rotors meets or exceeds 2V in. K. for the above
ratio was calculated from acceptance data by methods which are
more conservative than methods described by J. A. Begley and W.
A. Longsdon in Westinghouse Scientific Paper 71-1E7-MSLRF-P1.
Rotor bore tangential stresses for the above ratio consist of
the sum of centrifugal stress at 115%* of rated speed, thermal
stress and shrink stress.

The tangential stresses, as calculated above, were compared
with measured rotor yield strength, as adjusted to rotor
operating temperature, and it was found that stresses are lower
than .75 of yield strength, as required by design criteria.

LOW PRESSURE ROTOR

The low pressure turbine wheels were forged from vacuum
degassed NiCrMoV steel. Final wheel properties were verified by
tests after a suitable quench and temper. The measured wheel
properties, together with a 100% volumetric (ultrasonic)
evaluation, form the basis for wheel material acceptance.
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Material properties of low pressure wheels on turbines 170 X
592 and 170 X 593 have been examined and the wheels were found
acceptable for their intended application. 1In particular, all
wheels on above units have surface measured room temperature
Charpy energies in excess of 60 foot pounds and surface
measured 50% fracture appearance transition temperatures (FATT)
below 0°F.

The ratio of fracture toughness K, to maximum tangential stress
for all above wheels meets or exceeds 2Vin. Kic for the above
ratio was calculated from acceptance data by methods which are
more conservative than methods described by J. A. Begley and W.
A. Longsdon in Westinghouse Scientific Paper 71-1E7-MSLRF-P1.
Wheel bore tangential stresses for the above ratio consist of
the sum of centrifugal stress at 115%* of rated speed, thermal
stress and shrink stress.

The tangential stresses, as calculated above, were compared
with measured wheel yield strength, as adjusted to wheel
operating temperature, and it was found that stresses are lower
than .75 of yield strength, as required by design criteria.

*Note: The highest speed anticipated from loss of load

with normal operation of the control system is
110% of rated speed. '
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QUESTION 121.7

(Reference Hatch Nuclear Plant Unit No. 2 response to items
121.15 and 121.18). The following information is necessary to
demonstrate that the Susqguehanna Unit Nos. 1 and 2 feedwater
inlet nozzle thermal sleeve/sparger design has been evaluated
with due consideration to nozzle cracking due to thermal
cycling and that a program of schedule augmented inservice
inspections, with a sensitive method that will assure
detection, has been developed:

(1) The technical basis to assure the structural integrity
of both the feedwater inlet nozzle and the sparger.

(2) An evaluation of the feasibility of automated
ultrasonic testing (UT) fixtures installed on all
feedwater inlet nozzles with particular attention on
examination of the nozzle bore region.

(3) An evaluation of the feasibility of performing the
internal surface examination by magnetic particle
methods.

Your response should contain:

a) a description of the nozzle and sparger design
including dimensions, materials of construction and
weld locations.

b) description of analyses and test data, referencing if
necessary data previously submitted to the staff where
directly appropriate for this plant.

c) projected crack growth rates, stress levels and usage
factors for both the nozzle and the sparger should be
described in detail.

d) any plant modifications that are planned to reduce the
feedwater to reactor water temperature differential
during low power operation.

e) any instrumentation that will be installed in the
reactor to verify the conclusions of the design
analysis should be identified.

Several ultrasonic testing concepts and procedures have been
used to examine the feedwater inlet nozzle regions in operating
plants. Define the specific ultrasonic testing procedure that
will be used for Susguehanna Unit Nos. 1 and 2. Discuss the
influence of 1local grindouts on crack detection on your
ultrasonic testing method.
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In addition, provide a description of the augmented inservice
inspection (ISI) program to be implemented including scheduled
surface examination, ultrasonic testing and verification of the
leak tight integrity of the thermal sleeve to safe end joint on
all nozzles. The essential elements of an acceptable program
are given below:

Augmented Inservice Inspection Plan

<

(1) Preservice Examination - Preservice UT examination
should include all nozzle inner radius, bore, and safe
end regions. In addition, a preservice surface
examination should be performed on the accessible
regions of all nozzle inner radii.

(2) Inservice Examination - To confirm the continuing
structural integrity, the following examinations should
be performed:

(a) At each scheduled refueling outage, an external
UT examination of all feedwater nozzle inner
radii, bore and safe end regions.

(b) After 50 startup/shutdown cycles but prior to 70
cycles, a surface examination of the accessible
regions of all nozzle inner radii. The
definition of startup/shutdown cycles and the
procedure for liquid penetrant examination is
contained in report  NUREG-0312, "Interim
Technical Report on BWR Feedwater and Control Rod
Drive Return Line Nozzle Cracking."

(c) Subsequent surface examinations of the accessible
region of all nozzle inner radii should be
performed at the earlier of (i) every other
scheduled refueling outage, or (ii) at the
scheduled refueling outage after 20 but prior to
40 startup/shutdown cycles after the last surface
examination.

{3) Thermal Sleeve to Safe End Joint - An examination
method, such as a leak test should be developed to
confirm the continuing structural and leak-tight
integrity of the thermal sleeve to safe end joint.

tan ndar

(1)

All UT indications elevated to be cracks should be
verified by appropriate surface examination and removed
by local grinding.
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All surface indications evaluated to be service induced
cracks should be removed by local grinding.

The UT inspection personnel should be required to
demonstrate supplemental qualifications by either (i)
past successful experience in locating and identifying
cracks in BWR feedwater inlet nozzles or (ii)
performing a qgualification test on a full size unclad
nozzle mockup.

Recording and Reporting Standards

Requirements for recording of indications and reporting of
inspection results are contained in report NUREG-0312,

RESPONSE :

Note:

Rev. 46,

All responses are presented in the order they are found
in the Question.

(1) Discuss the technical basis to assure the
structural integrity of both the feedwater inlet
nozzle and the sparger, including:

{a) A description of the nozzle and sparger
: design including dimensions, materials of
construction and weld locations.

Description of feed water inlet nozzle.

Part ria
Nozzle Forging SAS08CL II
Safe End SAS08CL I

Dimensions, location of weld and other
details are provided in the following

drawings:

79E902, Sheet 1 Susquehanna SES
Units 1 and 2 -
Figure(s) 121.1-
la, b

137C5543 PT No. 4 Susquehanna SES

Units 1 and 2 -
Figure(s) 121.7-2

Description of sparger material, basic

dimensions and weld locations are presented
in the drawings:
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Susquehanna Unit 1 - Figure(s) 121.7-3a,b,c
Susquehanna Unit 2 - Figure(s) 121.7-4a,b,c

(b) A description of analysis and test data
referencing, if necessary, data previously
submitted to the staff where directly
appropriate for this.

The information for part b has been provided
in the response and reference document cited
for Question 112.7.

{c¢) Projected crack growth rates, stress levels
and usage factors for both the nozzle and
the sparger should be described in detail.

The information for part ¢ has been providegd
in the response and reference document cited
for Question 112.7

(d} Any plant modifications that are planned to
reduce the feedwater to reactor water
temperature differential during low power
operation.

Susquehanna SES is currently evaluating
specific modifications to fluid systems and
operating procedures as discussed in General
Electric Document NEDE-21821A.

(e) Any instrumentation that will be installed
in the reactor to verify the conclusions of
the design analysis should be identified.

Due to demonstrated benefits from nozzle
cracking fixes, no instrumentation has been
installed for design verification.

Evaluate the feasibility of automated ultrasonic
testing (UT) fixtures installed on all feedwater
inlet nozzles with particular attention on
examination of the nozzle bore region.

Currently, automated ultrasonic examination of
the feedwater nozzle inner radii, safe-end, and
bore region 1is not feasible. Preservice
examinations on the nozzles will be performed
utilizing a General Electric developed ultrasonic
testing (UT) procedure. This procedure divides
the nozzle inner surface into three regions, each
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of which is examined separately by a single angle
beam shear wave technique. Current state of the
art technology does not allow for automation of
this technique due to the complexity of the
technique and various scanning patterns involved;
also, computer assisted signal discrimination
equipment is not yet available for field usage.

Scanning solely of the nozzle bore region may be
accomplished from the cylindrical section of the
nozzle forging utilizing a temporary, removable
track scanner. In terms of radiation exposure,
(examination/set up time) and examination
coverage, automation of only this portion of the
examination is not beneficial and is not being
considered for preservice activities.

Evaluate the feasibility of performing the
internal surface examination by magnetic particle
methods.

Magnetic prod inspection methods are not
acceptable in this area. Due to limited access
in which to perform the examination, maintenance
of proper prod contact with the nozzle surface is
difficult, possibly resulting in arc-strikes
below the electrodes. These surface defects are
localized heat affected zones of higher hardness
than the surrounding metal. Should the arc
strike be accompanied by localized cracking, then
surface grinding would be necessary to restore
the nozzle to its original surface condition.

Handheld magnetic¢ yokes will not readily fit in
the area between the sparger body and the nozzle
radius while maintaining proper contact with the
nozzle surface and still allow adeQuate access to
perform the examination. Based on the above,
magnetic particle examination methods are not
considered feasible inside the reactor vessel
with the present sparger configuration.

Define the specific ultrasonic testing procedure
that will be used for Susquehanna Unit Nos. 1
and 2. Discuss the influence of local grindouts
on crack detection on your ultrasonic testing
method.
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Susguehanna SES will perform preservice
examinations of all feedwater nozzle inner radii,
safe end, and bore regions to provide a baseline
for routine augmented inservice inspections
outlined 1later in this response. Feedwater
nozzle safe end examinations will be performed in
accordance with ASME Section XI requirements to
General Electric Company Procedure #ISE-QAI-322
"Ultrasonic Examinations of Similar and
Dissimilar Metal Welds." The inner radii and
bore regions will be performed in accordance with
General Electric Company Generic Procedures
listed below:

TP-508-0173 Rev, D "pProcedure for Nozzle
Inner Radii 2one I
Ultrasonic Examination”

TP-508-0174 Rev. D "Procedure for Nozzle
Inner Radius Zone 2
Ultrasonic Examination"

éSOYP14 Rev. 0 "procedure for Nozzle
Inner Radius Zone 3
Ultrasonic Examination®

Susquehanna SES site specific procedures
technically in accordance with these generlc
procedures are being generated.

For examination purposes, the inner surface has
been divided into three regions’' each of which is
examined separately by a single angle beam shear
wave technique. Examination of the nozzle inner
radius will be performed by pulse-echo ultrasonic
techniques from the exterior of the reactor
pressure vessel by contacting the vessel plate
surface. The nozzle inner bore region shall be
examined from the outer blend radius and the
cylindrical portion of the nozzle - the former
requiring a special transducer wedge that
complements the curvature of the contact area
radius.

Should local grindouts be made in the examination
surface creating a depression with definable
sides, depth, and 1length, the |ultrasonic
technigues being used would obtain reflections
from these cavities. Such reflections will be
minimized by blending the grind cavity into the
surrounding base metal in accordance with ASME
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requirements, This should result in improved
detection sensitivity to actual cracking in the
grindout area by eliminating spurious geometric
indications from the grindout.

{5) Provide a description of the augmented inservice
inspection (ISI} program to be implemented
including scheduled surface examination,
ultrasonic testing, and verification of the leak
tight integrity of the thermal sleeve to safe end
joint on all nozzles.

UGMENTED INSERVICE INSP ON o]¢]

Susquehanna SES will implement the reactor feedwater (RFW)
nozzle inspection program described below. Justification for
any deviations from recommended inspections in NUREG 0619 are
presented following the response.

PRESERVICE EXAMINATIQN

Susquehanna SES will ©perform a preservice ultrasonic
examination of reactor feedwater nozzle inner radii, bore, and
safe end regions. All U.T. personnel and procedures will be
fully qualified as required. In addition, a preservice liquid
penetrant examination will be performed on accessible areas of
all Unit #1 feedwater nozzle inner radius surfaces. Also, all
nozzle forgings have previously been fully shop magnetic
particle inspected and have met ASME Section III requirements.
Full liquid penetrant examination will be performed on all Unit
#2 feedwater nozzle forgings prior to installation of the
spargers,

Inservice Examination

Susguehanna SES-1 will perform the following routine inservice
inspections as follows:

1. Ultrasonic examination of the reactor feedwater nozzle
inner radii and bore region will be performed every two
(2} refueling cycles on one (l) RFW nozzle. The
inspection interval begins with the first refueling
cycle since the unclad nozzle and triple sleeve sparger
was installed prior to plant start up. Safe end
examinations will <continue to be performed in
accordance with ASME Section XI requirements.

2. Penetrant testing of the nozzle inner radii and bore

region will be performed only as required to verify and
characterize U.T. indications.
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3. Visual inspection of the sparger will continue to be
performed in accordance with ASME Section XI
requirements.

4. Verification of the thermal sleeve to safe end joint

shall be made by performance of in-vessel physical leak
testing or some alternate method such as on-line
leaking monitoring. Susquehanna SES is presently
pursuing the feasibility of the later.

In the event an indication is discovered by UT and found to
result from service induced cracks propagating from the nozzle
inner surfaces, the following action will be taken:

All accessible areas of remaining feedwater nozzles will be
examined using penetrant techniques during the refueling outage
in which the cracking is verified.

All surface indications determined to be service induced cracks
will be removed by local grinding.

A RFW nozzle examination program for subsequent refueling
outages will include the external ultrasonic examination of all
feedwater nozzle inner radii, bore and safe end regions for
each scheduled refueling outage for 3 consecutive outages. If
no new indications are discovered, or if new indications are
determined to not result from service induced cracks at the
nozzle inner surfaces, the aforementioned program will be
resumed, If after 3 additional outages no new indications
resulting from surface induced cracks are detected, subsequent
examinations will be scheduled in accordance with normal ASME
Section XI requirements.

The conduct of surface examinations of accessible nozzle inner
radius surfaces will continue to be used throughout plant life
only to confirm or characterize new ultrasonic indications
which are suspected to result from service induced cracks at
the nozzle inner surfaces.

Thermal Sleeve to Safe En int

Susquehanna SES shall verify the integrity of the thermal
sleeve-to-safe end joint by performance of in-vessel physical
leakage testing or alternate methods such as on-line periodic
leakage monitoring.

Recording and Reporting Standards

Susquehanna SES-1 will record crack indications and report
inspection results in compliance with the requirements stated
in NUREG 0619.
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TIFICATION OF DEVIA N_FROM _RE NDATION

Ultrasonic Examinations Freguency

Susquehanna SES will ultrasonically examine one RFW nozzle
every second refueling outage. Thig is justified for the
following reasons, which reflect a significant advance in the
Susquehanna SES design and operating procedures towards the
long term solution of the BWR nozzle cracking problems per
NUREG 0619.

a. Improved Design: The Susquehanna SES RFW thermal-
sleeve-to-safe-end joint provides a near 2zero leakage
design. This design essentially eliminates the primary
historical initiating source of nozzle cracking in BWRs.

b. No Nozzle Cladding: The Susquehanna SES-1 RFW nozzle
surfaces are not «clad., The 1likelihood of crack
initiation in unclad nozzles is considerably reduced
such that elimination of the nozzle <c¢ladding and
installation of the triple sleeve sparger design may be
all that is necessary to suppress cracking within the
design lifetime.

¢. Proven Examination Technique: The ultrasonic
examination equipment and personnel to be used in
performing both baseline and inservice ultrasonic
examinations will be qualified on a full scale mock-up
of the nozzle, simulating the nozzle geometry and
anticipated fatigue crack defects. Since the
Susgquehanna SES-1 reactor feedwater nozzles are unclad
as stated in b) above, a more sensitive examination is
possible due to lack of clad/basemetal interface,

d. Augmented Examination Frequency: The above stated
program provides RFW nozzle examination coverage at
approximately one and one half times the frequency of
the ASME Section XI requirements, i.e., all RFW nozzles
will be examined within approximately seven years rather
than within ten years.

The above factors, when combined, provide adequate assurance
that the factors which have led historically to BWR RFW nozzle
cracking have been virtually eliminated. Furthermore, any
cracking which might occur from unanticipated sources will be
discovered before propagating to a significant depth utilizing
an augmented examination schedule with state-of-the-art
gqualified ultrasonic examination techniques.
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urfa xamination

Susqguehanna SES-1 will perform liquid penetrant examinations of
the accessible internal surfaces of all RFW nozzles during the
preservice inspection activities. In-service surface
examinations necessitating removal of the spargers, will be
performed only when indications of service induced cracking are
discovered ultrasonically. This is justified as follows:

a. Reduced probability of crack initiation and growth as
stated in the Jjustification above {Ultrasonic
Examinations Frequency a thru f}.

b. Access: In order to obtain access to perform a
penetrant surface examination of the RFW nozzle surfaces
during a refueling outage, the vessel water level would
have to be lowered below the level of the spargers and
hydrolaser decontamination performed. Special shielded
platforms would be required to minimize exposures.

c. Removal of the current design sparger for routine
penetrant examination may result in damage to the
thermal sleeve sealing surface, resulting in increased
likelihood of leakage.

Acceptance Standards

(1) All UT indications evaluated to be cracks should be
verified by appropriate surface examination and removed
by local grinding.

(2) All surface indications evaluated to be service induced
cracks should be removed by local grinding.

{3) The UT inspection personnel should be reguired to
demonstrate supplemental qualifications by either (i)
past successful experience in locating and identifying
-cracks in BWR feedwater inlet nozzles or (ii)
performing a qualification test on a full size unclad
nozzle mock-up.

Response:

(1) Susguehanna SES will comply with this criteria as
stated in 2{(a) above.

(2) Susquehanna SES will comply with this criteria as
stated in 2(a) above.
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(3) Susguehanna SES will utilize General Electric¢ Company
qualified procedures previously referenced. All
personnel performing examinations at Susquehanna SES
will be qualified in accordance with these procedures

on a full nozzle mock-up.
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QUESTION 121.8

We will reguire that your inspection program for Class 1, 2 and
3 components be in accordance with the revised rules in 10 CFR
Part 50, Section 50.55a, paragraph (g) published in the
February 12, 1976 issue of the FEDERAL REGISTER.

To evaluate your inspection program, the following minimum
information is necessary for our review:

(1} A preservice inspection plan to consist of the
applicable ASME Code Edition and the exceptions to the
Code requirements.

{2) An inservice inspection plan submitted within six
months of anticipated commercial operation.

The preservice inspection plan will be reviewed to support the
safety evaluation report finding on compliance with preservice
and inservice inspection regquirements. The basis for the
determination will be compliance with:

(1) The Edition of Section XI of the ASME Code stated in
your PSAR or later Editions of Section XI referenced in
the FEDERAL REGISTER that you may elect to apply.

(2) All augmented examinations established by the
Commission when added assurance of structural
reliability was deemed necessary. Examples of
augmented examination requirements can be found in NRC
positions on (a) high energy fluid systems in SRP
Section 3.2, (b) turbine disk integrity in SRP Section
10.2.3, and (c) feedwater inlet nozzle inner radii.

Your response should define the applicable Section XI
Edition(s) and subsections. If any examination reguirements of
the Edition of Section XI in your PSAR can not be met, a relief
request including complete technical justification to support
'your conclusion must be provided.

The inservice inspection plan should be submitted for review
within six months of anticipated commercial operation to
demonstrate compliance with 10 CFR Part 50, Section 50.55a,
paragraph (g). This plan will be evaluated in a safety
evaluation report supplement. The objective is to incorporate
into the inservice inspection program Section XI requirements
in effect six months prior to commercial operation and any
augmented examination requirements established by the
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Commission. Your response should define all examination
requirements that you determine are not practical within the
limitations of design, geometry, and materials of construction
of the components.

Attached are detailed guidelines for the preparation and
content of the inspection programs and relief requests to be
submitted for staff review.

RESPONSE:

The inspection program for Class 1, 2 and 3 components has been
provided (PLA-619, N. W. Curtis to B. J. Youngblood dated

1/27/81).
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UES N 12

Paragraph IV.A.2.a, Appendix G, 10 CFR Part 50, requires that
a reference temperature, RTyyr , be determined for each ferritic
material of the reactor vessel and that this reference
temperature be used as a basis for providing adequate margins
of safety for reactor operation. Previously-submitted data are
inadequate to define an RTyp; for the reactor vessel ferritic
materials; therefore, supply the following additional
information: <

(a) If both CVN and dropweight tests were conducted for
vessel beltline shell plates as stated in FSAR
Subsection 5.3.1.5.1.2, supply the CVN test results in
addition to the previously submitted dropweight test
results (per response to Question 121.2). Calculate an
RTypr for every shell plate, and explain in detail the
method used to establish each RTy,pr value.

(b) If only dropweight tests were conducted for ‘vessel
beltline shell plates as stated in the response to
Question 121.2, explain in detail the method(s) used to
establish an RTypyr value for each vessel plate.

(c) Supply both CVN and dropweight test results for every
other ferritic vessel plate not addressed by items (a)
and (b). This should include the upper shell and both
lower and upper vessel heads. Calculate an RTy; value
for each plate and explain in detail the method used to
establish the RTypy values.

(d) 1Identify every ferritic weld seam in the reactor vessel

by weld wire, heat number, flux type, lot of flux and
welding process. This should include any ferritic weld
in the beltline region, upper shell, and lower and
upper vessel heads. Submit CVN and dropweight test
results in addition to the previously submitted
beltline weld data. Calculate an RTyy; for every
ferritic weld gseam, and explain in detail the method(s)
used to establish each RTyyr value.

(e) Submit the correlation data used to establish an RTyp
value of no less than -50°F when dropweight results are
not available for weld material. This data should
include weld wire and flux types, welding process, and
heat treatment for each correlation weldment specimen.
Explain in detail the analysis used to establish
the -50°F value.

RESPONSE:

This information was provided by letter dated 5/20/81 (PLA-796,
Curtis to Youngblocod).
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QUESTION 121.10

Paragraph IV.A.3, Appendix G, 10 CFR Part 50, requires that
materials for piping, pumps and valves meet the impact energy
requirements of Paragraph NB-2332 of the ASME Code. Materials
for bolting must meet the requirements of Paragraph NB-2333 of
the ASME Code. To demonstrate compliance with Paragraph
IV.A.3, supply all impact test data for the ferritic materials
of these components. Identify each material by its ASME
specification, heat or 1lot number, and dimensions when
applicable. If any of the above data are not available, submit
data from the literature and/or further tests, and analyses to
demonstrate compliance with Appendix G.

RESPONSE:

This information was provided by letter dated 5/20/81 (PLA-796,
Curtis to Youngblood).
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UE ON 12

Paragrap
reactor

h IV.B, Appendix G, 10 CFR Part 50, requires the
vessel beltline materials have a minimum upper shelf

energy of 75 ft-1lbs in the transverse direction. Insufficient
data have been supplied to demonstrate that all the beltline
plates and welds meet this upper shelf requirement. Submit the

followin
IV.B:

(a)

(b)

g information to demonstrate compliance with Paragraph

Impact energy data for all beltline plates (21-1, -2,
and -3 of Unit No. 1 and 21-1, -2, and -3 of Unit No.
2) that will demonstrate that the plates in the vessel
beltline will have 75 f£ft-1lbs (in the transverse
direction) for unirradiated material or that the upper
shelf energy will not fall below 50 ft-lbs at the
design fluency level. If these data are not available,
submit data from the literature and/or further tests on
similar base metal, and analyses used to define the
upper shelf energy level.

Impact energy data for the following beltline weld
materials that will demonstrate that the weld seams in
the vessel beltline will have 75 ft-lbs for
unirradiated material or that the upper shelf energy
will not fall below 50 ft-lbs at the design fluency
level. These welds, identified by lot number/heat
number are: 629616/L320A27AG, 411L3071/L311A27AF,
J417B27AF/412P3611, C109A27A/09M057 and
E204A27A/624263. If these data are not available,
submit data from the literature and/or further tests of
weld material of the same weld wire and flux type, and
analyses used to define the upper shelf energy level.

RESPONSE :
This information was provided by letter dated 5/20/81 (PLA-796,

Curtis t

Rev. 46,
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UESTION 121.12

The materials surveillance program uses three specimen
capsules, that should contain reactor vessel steel specimens of
the limiting base material, weld metal and heat-affected zone
material. To help demonstrate compliance with Appendix H, 10
CFR Part 50, provide a table that includes the following
information for each specimen:

{1} Actual surveillance material;

{2) Origin of each surveillance specimen (base metal: heat
number, plate identification number; weld metal: weld
wire, heat of filler material, production welding

conditions, and plate material used to make weld
specimens);

(3) Test specimen and type;

(4) Fabrication history of each test specimen;

(5) Chemical composition of each test specimen.
Provide the location, lead factor and withdrawal time for each
specimen capsule calculated with respect to the vessel inner

wall. The above information should be submitted in tabular
form as illustrated in Enclosure 1.

RESPONGSE :

This information was provided by letter dated 5/20/81 (PLA-796,
Curtis to Youngblood).
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QUESTION 121.13

Paragraph III.A of Appendix G, requires that ferritic materials
of the reactor coolant pressure boundary be impact tested by
means of Charpy V-notch and dropweight (when reguired by the
ASME Code} tests. Supply the impact test data for the vessel
nozzles, flanges and shell regions near geometric
discontinuities to demonstrate compliance with Paragraph III.A.
Each component material must be identified by heat number and
location within the reactor coolant pressure boundary. Impact
test data should include test temperatures, CVN energy, and/or
mils lateral expansion.

ESPO

This information was provided by letter dated 5/20/81 (PLA-796,
Curtis to Youngblood).
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QUESTION 1231.14

The applicant has not submitted a Pre-service Inspection (PSI)
Program for review. To evaluate compliance with 10 CFR Part
50.55a(g) (2), we will require a complete response to Question
121.8 concerning the PSI. All pre-service examination
requirements defined in Section XI of the ASME Code that have
been determined to be impractical must be identified and a
supporting technical justification must be provided. The PSI
program should include at least the following information:

(a) For ASME Code Class 1 and 2 components, provide a table
gimilar to IWB-2600 and IWC-2600 confirming that either
the entire Section XI pre-service examination was
performed on the component or relief is requested with
a technical justification supporting your conclusion.

(b) Where relief is requested for pressure retaining welds
in the reactor vessel, identify the specific welds that
did not receive a 100% ©pre-service ultrasonic
examination and estimate the extent of the examination
that was performed.

(c) Certain ASME Code Class 1 and 2 vessel and piping
system welds, that are 1/2 inch or less in nominal wall
thickness, are subject to a Section XI pre-service
volumetric examination. Confirm that a 100% volumetric

: examination was performed on these thin-wall weldments.

{a) Where relief is regquested for piping system welds
(Examination Category B-J, C-F and C-G), provide a list
of the specific welds that did not receive a complete
Section XI pre-service examination including a drawing
or isometric identification number, system, weld
number, and physical configuration, e.g., pipe to
nozzle weld, etc. Estimate the extent of the pre-
service examination that was performed, the primary
reason & complete examination is impractical,
alternative and/or supplemental examination performed
and that method of fabrication examination.

(e) Describe the extent and method of pre-service
volumetric examination of Class 1 integrally-welded
supports in Examination Categories B-H and B-K-1.

(£) Describe the extent and method of pre-service
examination of Class 2 pressure-retaining bolting 2
inches in diameter or less.

RESPONSE:

The response to this question was submitted by letters dated
5/19/81 (PLA-B13, Curtis to Youngblood), 6/16/81 (PLA-846,
Curtis to Schwencer), and 4/23/82 (PLA-1053, Curtis to

Schwencer) .
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ION 5

Paragraph 50.55a({b) (2) (iv) requires that ASME Code Class 2
piping welds in the Residual Heat Removal Systems, Emergency
Core Cooling Systems and Containment Heat Removal Systems shall
be examined. List the lines in these systems that were
exempted from preservice volumetric and/or surface examination
based on Paragraphs IWB-1220 and IW<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>