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QUESTION 211.1

It appears that portions of the recirculation pump seal cooling
water are not seismic Category I (Regulatory Guide 1.29). The
staff requires additional information to show that a complete
loss of pump seal cooling water would not lead to unacceptable
consegquences.,

RESPONSE :

Two non seismic Category 1 sources of cooling are available to
the recirculation pump seals: recirculation pump seal cooling
water supplied by RBCLCW and recirculation pump seal injection
water supplied by the CRD system.

General Electric’s Licensing Topical Report, NEDO-24083,
Recirculation Pump Shaft Seal Leakage Analysis, provides an
analytical basis for recirculation pump seal leakage, assuming
a failure of both cooling water systems. This generic analysis
predicts a bounding leakage rate well under 100 gpm. The
generic analysis is applicable to Susquehanna. The report also
documents tesgt results, demonstrating that pump seal integrity
will be maintained if any one of the two cooling water systems
is out of operation at a given time.
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S N 1.2

The FSAR states that missiles from pressurized component
failures are not credible. Valve stem, valve bonnet, and
temperature element assemblies are examples of sources of
missiles that should be addressed.

RESPONSE :

See revised FSAR Subsection 3.5.1.2.2.
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QUESTION 211.3

The description or reference to the Standby Liquid Control
System should be presented in Section 4.6. Address the
requirements of Standard Review Plan (SRP) 4.6.

RESPONSE:

The Standby Liquid Control System is described in Subsection
9.3.5. Section 4.6 has been revised to include thies reference.

Issuance of the Standard Review Plans (SRP) post-dates the
Susquehanna construction permit by more than 2 vyears.
Therefore, no attempt was made to design the plant to the
requirements of the SRPs. The Susquehanna FSAR was prepared
using Revision 2 of Regulatory Guide 1.70 as much as practical
for a plant of its vintage, with assurance from NRC management
that compliance with this Regulatory Guide assured submittal of
all necessary licensing information.

As documented in a letter of August 5, 1977 from G. G. Sherwood
to E. G. Case of NRC, the SRPs constitute a substantial
increase in the information required just to describe the
degree of compliance of various systems. This increase in turn
represents a substantial resource expenditure which is
unjustified and which could cause project delays if required of
these projects. As stated in the reference letter, General
Electric believes that SRPs should be applied to FSARs only to
the extent they were required in the PSARs.

General Electric believes the above position, which is the
essence of a directive from Ben C. Rusche, Director of Nuclear
Reactor Regulation, to the NRC Staff dated January 31, 1977, is
the appropriate procedure for review of the Susguehanna FSAR.
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QUESTION 211.4

Acceptance Criterion II.2.b of SRP 5.2.2 states that, "All
system and core parameters are at the values within the normal
operating range, including uncertainties and technical
specification limits, which would vresult in the highest
transient pressure." Insufficient information is presented in
the FSAR to determine that this acceptance criterion will be
met . The applicant should confirm that the overpressure
analysis will be based on an initial operating pressure (up to
the Technical Specification limit) which will result in the
most limiting peak pressure. The applicant should also confirm
that the overpressure analysis will include the effects of the
ATWS reactor recirculation pump trip on higher reactor
pressure.

Acceptance Criterion II.2.c¢c of SRP 5.2.2 states that, "The
reactor scram is initiated either by the high pressure signal
or by the second signal from the reactor protection system,
whichever is later." The applicant has stated that the gafety
valve sizing analyses can take credit for the first indirect
scram, which is the high neutron flux scram. The neutron flux
scram occurs before the high pressure scram and results in a
lower calculated peak pressure. The applicant should confirm
that the safety valve sizing analyses will be based on the SRP
acceptance criterion for reactor scram initiation.

RESPONSE :

The overpressure analysis shown in Chapter S5 of the FSAR
assumed the plant is initially operating at 105% steam flow
condition with a maximum vessel dome pressure of 1020 psig.
The expected maximum operating pressure at 100% power is
expected to be 1005 psig, therefore the assumed initial
operating pressure of 1020 psig is expected to be conservative
relative to expected actual operation. In addition, the
nominal high pressure scram set point is expected to be set at
1040 psig. An analysis has been performed for a BWR-3 to
investigate the effects of increasing the initial reactor
pressure relative to the initial value used in the overpressure
protection analysis on the peak . system pressure. The
conclusion was that increasing the initial operating pressure
results in an increase of the peak system pressure, which is
less than half the initial pressure increase as shown in Fig.
211.4-1 for the overpressure design transient (i.e., all MSIV
closure with indirect high neutron flux scram}. The same
general trend is expected to exist for Susquehanna. For the
Susquehanna project, the proposed technical specification limit
on the high reactor pressure scram is 1050 psig. Therefore,
the maximum increase in the initial pressure would be limited
to only 30 psi and the maximum peak system pressure increase
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during the overpressure design transient would be limited to
less than 15 psi. Thus the overpregsure criteria would still
be satisfied.

The overpressure analysis shown in Chapter 5 of the FSAR does
not include the effects of the ATWS recirculation pumps trip on
high reactor pressure. However, a sensitivity study performed
on a BWR-4 shows that the peak vessel bottom pressure will
increase by 2-4 psi when the effects of the ATWS recirculation
pump trip on high reactor pressure are included. This
conclusion is expected to be applicable to the Susguehanna
project.

General Electric’s position on the ASME Code Overpressure
Protection is expressed in the attached copy of the letter from
I. F. Stuart to the Director of Nuclear Reactor Regulation.
The design of S/R valves for GE reactors is based on the
requirements of Section III, Nuclear Vessels of the ASME Boiler
and Pregsure Vessel Code, which has also been adopted by the
NRC as part of the requirements in the Code of Federal
Regulations (10 CFR 50.55a). It is GE’s interpretation that
this code does not require the failure of qualified scram
signals such as the direct safety-grade position scram. GE
therefore considers the failure of the direct scram signal and
relies on flux scram to terminate the event to be an
appropriate basis for reactor vessel overpressure protection
compliance. Analyses show adequate margin, however, does exist
in the design of the S/R system that even if the flux scram
signal failed and the event was terminated by pressure scram
(clearly an emergency event), the peak vessel pressure would be
less than the emergency and upset ASME code limits.
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December 23, 197¢

Director of Nuclear Reactor Regulation
ATTN: Mr. Victor Stello, Jr.

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUBJECT: (00t OVEPPRESSURE PROTECTION ANALYSIS - SENSITIVITY OF PEAK VESSEL
PRESSURES TO VALVE UPERABILITY

Dear Mr, Stello:

Attached for your information as requested by Mr. Roy Woods of your staff
1s a study showing the sensitivity of peak vessel pressure to valve opera-
bility. This study is typical for a high power density PWR.

It should be notec that the design of safety/relief valves for General
Electric Nuciear reactors is ccsed on the requirements 0¢ Section III,
Nuclear Vesseis of the ASMI Boiler and Pressure Vessel Code, which has

also been adojted by the NRC as part of the requirements in the code of
Federal Regulations (JOCFR50.553). 1t is General Electric's interpretazion
that this code does not require the faflure of a qualified safety/relief
valve in addition to the failure of the direct safety-grade position scram
and is therefore nct considered to be the Licensing basis for reactor vessel
overpressure protestion. Even further, consideration of the failure of tne
direct safety-grade position scram ty itself, requires multiple equroment
failures. The probability of an overpressurization event with these myltiple
equipment failures is so low, General Electric c:r:iders that such an event
should be considered, as a minimum, as an “emerge-cy" condition. Therefore,
application of the “emergency” limit under these assumed faflure conditions
would be considered more appropriate.

In determining the required safety/relief valve capacity, General Electric
conservatively assumes failure of all direct safety-grade position scra~s in
the analysis. Further the G.E. anaiysis conservatively relies upon indirectly
derived signals (high neutron flux) from the reactor protection system and
although this condition could aopropriately be ciassified as an “emergency"”
condition, G.E. further conservatively applies the “upset” code requirements
rather than the more appropriate “emergency" limits.

In summary, the at:iched sensitivity study shows that several valves have to
fail in order to vizlate the "emergency" 1imit. Generai Electric considers
the faflure of the sirect position scram and subsequent shutdown by high
neutron flur scram, with a1l safetv/relief valves operable to satisfy the
code requira-~ents an¢ to be an appropriate G.E. licensing basis for reactor

vessel overgressure protection.
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GENERSL .. ELECTRIC

1f you have ar, further questions, please contact me.
Sincerely,

" e
7 -
-, L.

"

;
Ivan F. Stuart, Manager
Safety and Licensing
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Figure 1 characteristics the sensitivity of the peak vessel
bottom pressure to safety/relief valve capacity for a typical
high power density BWR for an MSIV closure with both direct and
flux scram. Although a specific plant sensitivity to valve
capacity may vary from that shown in Figure 1 the general
trends shown in the figure are considered typical for all
BWR'S. The conditions assumed in the analysis of the
information depicted in Figure 1 are given in Table 1. The
results in Figure 1 clearly show the peak vessel pressures are
below the ASME upset limit for the case of trip scram over a
large range of safety/relief capacity. Similarly the peak
pressures are also considerably below the ASME "emergency" and
"faulted" limits for the case of flux scram.

TABLE 1

Vessel Dome Pressure - psig 1020
Steam Flow - lbs/hr 10.96 x 10°

- % NBR 105.
Doppler Coefficient - ¢/°F 0.1817
Void Coefficient = ¢/% Rated Voids -13.0
Rated Void Fraction - % 41.60
Scram Reactivity Curve Figure 2
Scram Rod Drive Figure 2
Safety/Ralief Valve Setpoint - psig 1091 to 1111
Typical Valve Cepacity - % NBR Steam flow 6 - 10 per valve
Typica! Total Relief Valve Capacity 75 -78
(% NBR Steam flow)
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QUESTION 211.5

The Reactor Coolant Pressure Boundary {(RCPB) 1eakége detection
system should be presented in Section 5.2.5 of the FSAR to show
how you meet the requirements of SRP 5.2.5.

RESPONSE :

The Reactor Coolant Pressure Boundary (RCPB) Leakage Detection
System is described in Subsection 5.2.5 of the FSAR.
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Question Rev. 51

QUESTION 211.6

The process diagram for the RCIC should contain system design parameters for the steam
condensing mode of operation.

RESPONSE:
Steam for the steam condensing mode originates in the HPCI system. However, steam
condensing steam flow is not a design basis for pipe sizing and is therefore not presented on its

process diagram.

Steam for the steam condensing mode is shown on Dwg. M1-E11-3, Sh. 1 and M1-E11-3,
Sh. 2, the RHR Process Diagram.

NOTE: The steam condensing mode has been eliminated since the original response to
this question. See FSAR Section 5.4.7.1.1.5.
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QUESTION 211.7

The acceptance criteria of SRP 5.4.6 (page 5.4.6-3) state that,
"As a system which must respond to certain abnormal events, the
RCIC system must be designed to seismic Category I standards,
as defined in Regulatory Guide 1.29." The condensate storage
tank which is the normal suction supply for the RCIC is not
seismic Category I. The suppression pool provides a seismic
Category I backup source of water, but the switchover requires
operation action.

You should confirm that the Susquehanna design will conform to

the above acceptance criterion. Either of the following
alternatives would be acceptable approaches for meeting the
acceptance criteria: (1) seismic Category I supply, or (2)

safety-grade switchover to a seismic Category I supply, or (3)
manual switchover to a seismic Category I supply if
appropriately justified. You should discuss the approach to be
used for Susquehanna.

REQPONSE :

Issuance of the Standard Review Plans (SRP) post-dates the
Susquehanna construction permit by more than 2 years.
Therefore, no attempt was made to design the plant to the
requirements of the SRPs. The Susquehanna FSAR was prepared
using Revision 2 of Regulatory Guide 1.70 as much as practical
for a plant of its vintage, with assurance from NRC management
that compliance with this Regulatory Guide assured submittal of
all necessary licensing information.

As documented in a letter of August 5, 1977 from G. G. Sherwood
to E. G. Case of NRC, the SRPs constitute a substantial
increase in the information required just to describe the
degree of compliance of various systems. This increase in turn
represents a substantial resource expenditure which is
unjustified and which could cause project delays if regquired of
these projects. As stated in the reference letter, General
Electric believes that SRPs should be applied to FSARs only to
the extent they were required in the PSARs.

General Electric believes the above position, which is the
essence of a directive from Ben C. Rusche, Director of Nuclear
Reactor Regulation, to the NRC Staff dated January 31, 1977, is
the appropriate procedure for review of the Susquehanna FSAR.

The Susquehanna design will conform to the acceptance criteria
in SRP 5.4.6 by using a manual switchover to a seismic Category
I supply. Thie approach is based on the evaluation of a
similar question for the Hatch 2 FSAR, question 212.74. This
evaluation assumes a concurrent abnormal transient (i.e., loss
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of offsite power), seismic failure of the condensate storage
tank and HPCI taken as the worst single failure. 1In addition
it allows for operator action to switch over the RCIC suction
to the suppression pool. The results of this evaluation were
much less severe than other accidents reported in Chapter 15.
As this event is categorized as an accident and is less severe
than other accidents with acceptable results, the approach to
allow for manual switchover is considered justifiable.
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QUESTION 211.8

The SRP 5.4.7 states the residual heat removal system (RHRS)
should meet the requirements of General Design Criterion (GDC)
34 of Appendix A to 10 CFR Part 50. The RHR by itself cannot
accomplish the heat removal functions as regquired by GDC 34. To
comply with the single failure criterion the FSAR describes an
alternate method of achieving cold shutdown in Section 15.2.89.
Insufficient information is provided to allow an adequate
evaluation of this alternate method. 1In particular, we have
recently approved Revision 2 to SRP 5.4.7 (containing Branch
Technical Position RSB 5-1) which delineates acceptable methods
for meeting the single failure criterion. This Branch
Technical Position requires testing to demonstrate the expected
performance of the alternate method for achieving cold
shutdown. You should describe plans to meet this requirement.
In addition, we reguire that all components of the alternate
system be safety grade (seismic Category I).

As a result of this requirement, the air supply to the
automatic depressurization system (ADS) valves, including the
system upstream of the accumulators, must be safety grade.
This air supply must be sufficient to account for air
consumption necessary for valve operation plus air loss due to
system leakage over a prolonged period with loss of offsite
power.

RESPONSE :

As discussed in Subsection 9.3.,1.5.1, the gas supply to the ADS
values and the backup gas supply to the ADS accumulators is
safety grade. Codes covering the design and construction of
these components are discussed in Subsection 9.3.1.5.1.

All components that are a part of the alternate shutdown loop
see Subsection 15.2.9 and Figures 15.2-14 and 15.2-15 are
routinely tested as required by technical specifications.
Testing of the total alternate shutdown system would not
provide any additional pertinent information and would result
in introducing lower quality {(suppression pool) water into the
vessel. Based on the above, we do not feel that testing of the
total loop is necessary or desirable.

This issue was tentatively resolved with the NRC on the
Shoreham docket (BWR/4) by an agreement to test one safety
relief valve in San Jose simulating the alternate shutdown
condition. The rationale for acceptance of this plan was that
the SRV is the only component in the loop which has not been
demonstrated to be suitable for alternate shutdown conditions.
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This test was successfully completed in December 1979,
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See

Subsgection 18.1.23.3 for a discussion of the results of the

tests on the SRV’s,

Rev. 46, 06/93

211.8-2




SSES-FSAR

QUESTION 211.9

The SRP Section 6.3 does not allow credit for operator action
for 20 minutes following a loss-of-coolant accident (LOCA). The
FSAR states no operator action is required for at least 10
minutes. You should confirm that no operator action is
required until 20 minutes after the LOCA, or provide technical
justification and associated data based to support a time less
than 20 minutes. You should identify the manual actions which
must be performed to prevent safety criteria from being
exceeded following a LOCA over the break spectrum, including
single failures. It should also be shown that adequate alarws,
instrumentation, and time will be available to the operator to
perform manual actions necessary to prevent safety criteria
from being exceeded.

RESPONSE :

In Subsection 6.3.3 of the FSAR, the only analysis affected by
the 10 minute vs. 20 minute operator action assumption is the
outside steam line break (OSLB). Based on GE experience with
20 minutes operator action, the resulting peak cladding
temperature for the Susquehanna OSLB is estimated to be
<1500°F.

Issuance of the Standard Review Plans (SRP} post-dates the
Susquehanna Construction permit by more than two years.
Therefore, no attempt was made to design the plant to the
requirements of the SRPs. The Susguehanna FSAR was prepared
using Revision 2 of Regulatory Guide 1.70 as much as practical
for a plant of its vintage, with assurance from NRC management
that compliance with this Regulatory Guide assured submittal of
all necessary licensing information.

As documented in a letter of August 5, 1977 from G.G. Sherwood
to E. G. Case of NRC, the SRPs constitute a substantial
increase in the information required just to describe the
degree of compliance of various systems. This increase in turn
represents a substantial resource expenditure which is
unjustified and which could cause project delays if required of
these projects. As stated in the reference letter, General
Electric believes that SRPs should be applied to FSARs only to
the extent they were required in the PSARs.

General Electric believes the above position, which is the
essence of a directive from Ben C. Rusche, Director of Nuclear
Reactor Regulation, to the NRC Staff dated January 31, 1977, is
the appropriate procedure for review of the Susquehanna FSAR.
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SSES-FSAR
Question Rev. 57

QUESTION 211.10

Review procedure 111.20 of SRP 6.3 requires that a long-term cooling capacity following a LOCA
should be adequate in the event of failure of any single active or passive component of the
ECCS. Insufficient information is presented in the FSAR to determine that this requirement will
be satisfied with regard to passive failures. The ECCS should retain this capability to cool the
core in the event of a passive failure during the long-term recirculation cooling phase following
an accident. We will require you to address the following:

Detection and alarms must be provided to alert the operator passive ECCS failures during long-
term cooling which allow sufficient time to identify and isolate the faulted ECCS line. The leak
detection system should meet the following requirements:

(1) Identification and justification of maximum leak rate should be provided.
(2) Maximum allowable time for operator action should be provided and justified.

(3) Demonstration should be provided that the leak detection system will be sensitive
enough to initiate (by alarm) operator action, permit identification of the faulted
line, and isolation of the line prior to the leak creating undesirable consequences
such as flooding of redundant equipment. The minimum time following initiation
of an alarm before operator action is permitted is 30 minutes.

(4) It should be shown that the leak detection system can identify the faulted ECCS
train and that the leak is isolable.

(5) The leak detection system must meet the following standards:
a) Control Room Alarm
(b) IEEE-279, except single-failure requirements.

In addition, determine that the effects on ECCS of passive failures such as pump seals, valve
seals, and measurement devices. This analysis should address the potential for ECCS flooding
and ECCS inoperability that could result from a depletion of suppression pool water inventory.
The analysis should include consideration of (1) the flow paths of the radioactive fluid through
floor drains, sump pump discharge piping, and the auxiliary building; (2) the operation of the
auxiliary systems that would receive this radioactive fluid; (3) the ability of the leakage detection
system to detect the passive failure; and (4) the ability of the operator to isolate the ECCS
passive failure, including the case of an ECCS suction valve seal failure.

RESPONSE:

The ECCS equipment is located at the lowest elevation in the Reactor Building (Dwg. M-240,
Sh. 1). Each train of the ECCS systems is physically separated from the other in watertight
compartments. Each system within a train is further separated into watertight compartments.
To protect from common mode flooding, the floor and equipment drain lines for each ECCS train
has a normally closed valve in the line to the sump.

FSAR Rev. 67 211.10-1
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To alert the operator to any flooding occurring in an ECCS component room, a wall-mounted
flooding sensor is provided in each room. These monitors alarm in the main control room when
3.25 inches of flooding has occurred. The sensors are seismic Category | and meet the
requirements of IEEE-279, except single-failure requirements, and are shown on Dwg. M-151,
Sh. 1, M-151, Sh. 2, M-151, Sh. 3, M-151, Sh. 4, M-155, Sh. 1 and Figure 7.4-1. In addition, the
HPCI and RCIC compartments are provided with area leak detection systems consisting of area
temperature monitors. During the post-accident long-term cooling phase, the RHR and CS
systems are operating. The boundary condition for suppression pool inventory loss would be
passive failure in the largest of the ECCS rooms (Core Spray Room). Approximately 5000 |
gallons would be lost before the operator would be alerted by the room flooding monitors. The
operator would secure the affected Core Spray train and start the physically separated
redundant train within 10 minutes of receipt of the room flooding alarm (refer to Question
211.236. Assuming a leak rate of 50 gpm and accounting for retention of recirculation water
above the diaphragm slab, the suppression pool water level will still be adequate for proper
operation of the remaining ECCS pumps. Refer to Section 6.3.6. The ECCS pump rooms are
designed to accommodate flooding up to a level of 23 feet without affecting any redundant
safety-related equipment or structures. Appropriate actions would be undertaken to drain the
water from the room and repair or replace the passive failure. Any ECCS system leak can be
isolated, including packing failure on any ECCS pump suction valve. This packing can be
isolated since the valves are double-seat, wedge knife gate design.

In the reactor building elevations above the ECCS rooms,the worse case pipe rupture evaluated
was found to be the 24” GBB-109/209 RHR piping in the piping/penetration rooms on elevation
683’ with a maximum crack flow of 1360 gpm. The crack is postulated with the RHR system in
shutdown cooling mode with the reactor cavity flooded. The analysis demonstrates that
adequate alarms and instrumentation are available to detect the break in a timely matter and
that sufficient time remains for operator action to terminate the event such that no unacceptable
flooding results. Credit is taken for operator actions to terminate the event within 45 minutes. In
this scenario, the sump room on elevation 645’ in the basement of the reactor building is flooded
due to the reactor building sumps backing up into this area. Watertight doors between the sump
room and connected division 1 RHR/core spray pump rooms prevent water from entering these
rooms and these systems remain operable during the flooding event. Water intrusion through
equipment hatches above the ECCS/RCIC room is conservatively assumed in this evaluation,
even though these hatches have been sealed with caulk. The analysis shows that the resulting
inleakage through the equipment hatches would not adversely affect operation any ECCS/RCIC |
systems. Adequate core cooling systems remain available to maintain safe shutdown,
assuming an additional single failure as required in BTP MEB-3-1.
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UESTI 211.1]

Review procedure III.5 of SRP Section 6.3 requires that prior
to installation, representative active components used in the
ECCS will be proof-tested under environmental conditions and
for time periods representative of the most severe operating
conditions to which they may be subjected.

Insufficient information is presented in the FSAR to determine
that proof testing has been performed for ECCS pumps which must
function during the long term following a loss-of-coclant
accident. Demonstrate that the design of the ECCS pumps which
must function during the long term following a loss-of-coolant
accident have been qualified by representative testing.

RESPONSE:

The RHR & CS pumps are designed for the life of the plant (40
years) and tested for operability assurance and performance as
follows:

A. In-shop tests including (1) hydrostatic tests of
pressure retaining parts of 150% times the design
pressure, (2) performance tests while the pump is
operated with flow to determine the total developed
heat at zero flow and design flow, (3} net positive
suction head (NPSH) requirements.

B. After the pump is installed in the plant, it undergoes
the (1) system hydro tests, (2) functional tests, (3)
the reguired periodic inservice inspection of once a
month for an hour during normal plant operation, and

one month of operation each year for shutdo (RHR
pumps only}.
C. In addition, the pumps are designed for a postulated

single operation of 100 days for one accident during
the unit’s 40-year life.

The following table shows the maximum expected accumulated
operating time for the life of the plant (40 years).

Mode of Operation RHR [of]
1. In-shop test 4 (hours) 4 (hours)
2. Pre-Operation 168 168
3. Monthly Testing 480 480
4. Yearly Testing 40 40
5. Post LOCA 2400 2400
6. Shutdown 28800 B/A
31892 3092
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QUESTION 211.12

The initial MCPR assumed for the LOCA analysis is higher than
the proposed plant operating limit MCPR. This assumption
should be corrected to be below the operating limit MCPR.

RESPONGSE :

The initial MCPR for the LOCA analysis was erroneously given as
1.31. The actual value used in the calculation was 1.2. The
initial MCPR value in Table 6.3-2 has been corrected to 1.2.
(Note that this is less than the value of 1.25 shown in Table
4.4-1 as the steady state MCPR.)
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ION 211.13

Provide analyses to show that diversion of ECCS to containment
cooling at 10 minutes after a LOCA will not result in exceeding
any safety criteria for the entire break spectrum, with
consideration of single failure.

RESPONSE:

The effect on the standard ECCS analysis of diverting up to 2
LPCI pumps at ten minutes has been investigated for another
BWR/4 with LPCI modification. The analysis showed that
diverting LPCI flow at ten minutes can increase the
temFeraturee for some small breaks (less than approximately 0.2
ft.°) . However, this increased PCT was still significantly less
than the 2200° limit. The single failure for Susquehanna has
been reviewed in light of the previous analysis and it was
determined that a Susguehanna analysis would yield similar
results.
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QUESTION 211.14

Table 6.3-7 should be clarified to show what ECCS equipment is
available for core cooling with the assumed single failures.

RESPONSE:

Table 6.3-7 is 1intended to show the ECCS systems assumed
available for reflooding the vessel after a LOCA. The first
column lists the assumed single failures. The second column
lists the corresponding ECC systems available for a
recirculation suction line break. The third column lists the
corresponding ECC systems available for recirculation discharge
line break. (Note: No credit is taken for LPCI flow into the
broken discharge line). The references to "loop" signify LPCI

injection into the recirculation loop. For example: "Two LPCI
(1 loop) " means "2 LPCI pumps injecting into 1 recirculation
lOOp. n /
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UE N 211.

The staff notes that certain components upstream of the break
in the recirculation 1line influence the total break area
assumed in a LOCA calculation. Provide these components and
their values of area that comprise the design basis area used
for suction and discharge breaks in the LOCA calculation.

RESPONSE:

The component areas that comprise the suction and discharge
break areas in the LOCA analysis are as follows:

Suction Break

Recirculation Suction Line 3.541 ft?
Nozzle/Safe End
RWCU Line Minimum Area .080 ft?

Jet Pump Discharge Nozzles - _.538 ft?
Total 4.159 ft

18 rge Break

Recirculation Pump 1.389 ft?
Minimum Area

Jet Pump Discharge Nozzles - _.538 ft?
One Bank
Total 1.927 ft?
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QUESTION 211.16

Address the inadvertent closure of the recirculation line
suction valve as a single-failure in the ECCS analysis break
spectrum,

RESPONSE :

This is not a standard ECCS analysis. However, in response to
this qQuestion, we have investigated the consequences of this
improbable single failure throughout the break spectrum and for
various times when failure is postulated to occur. Under all
conditions, the resulting PCT is at least 100°F below the
current maximum Appendix K PCT of 1874°F. Furthermore, except
as noted below, the resulting worst-case PCT for each break
size falls well below the current PCT vs. break area plot.

At a discharge break size of 1.0 ft? and valve closure
beginning at the instant of the LOCA, the resulting PCT is
1767°F, which is 12°F above the current Appendix K PCT for 1.0
ft? break. Delaying the time of the postulated beginning of
inadvertent valve closure at this break size by as little as &
seconds or changing the break size by + 0.1 ft? decreases the
PCT to less than that previously calculated. Thus, this small
perturbation to the current PCT vs. break area plot occurs
within a very narrow range of discharge break size and a very
narrow range (< 5 seconds) of times when this single failure is
postulated to occur.

We feel that this single failure need not be reported in the

standard Appendix K analysis because it represents a highly
improbable event, and it is far from the limiting case.
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QUESTION 211.17

Provide an analysis of "The Loss of Instrument Air" transient.

RESPONSE :

Recent operating experience indicates that complete loss of
instrument air is a remote possibility, since there is enough
instrument air stored to provide backup for safety-related air-
operated equipment. However, reports of partial loss of
instrument air appears to have had no serious effects on
reactor components, although it occurs with a moderate
frequency.

The Compressed Air Systems are described in FSAR Subsection
9.3.1; with the Instrument Air System in Subsection 9.3.1.1,
the Service Air System in Subsection 9.3.1.2, the Radwaste
Building Low Pressure Air System in Subsection $.3.1.3, the
Intake Structure Compressed Air System in Subsection 9.3.1.4,
and the Containment Instrument Gas System in Subsection
9.3.1.5. The systems of interest are the Instrument Air and
Containment Instrument Gas Systems,

The Containment Instrument Gas System consists of two, 100%
capacity compressors augmented with nitrogen bottles for the
ADS accumulators. The Instrument Air System consists of two,
100% capacity compressors.

However, in the event instrument air is 1lost from these
redundant sources, the .following events would occur (in a
sequence dependent on the location and type of failures):

(1) Control Rod Drive System - The scram inlet and outlet
valves will open, shutting down the reactor. The CRD
flow control valve will close to approximately 2% open.
The drain and vent valves for the Scram Discharge Volume
will close.

The main turbine pressure control system will maintain
reactor pressure after the reactor is shutdown until the
turbine control valves are closed. If the mode switch
is still in the "Run" mode the main steam isolation
valves will close and produce a scram signal as the
reactor pressure decreases below 850 psi,

(2) Reactor Cleanup System - All air-operated cleanup filter
demineralizer valves and the reject valve to radwaste or
the main condensers will close upon loss of air.

(3) Standby Liquid Control - The level indication for the
storage tank will decrease to zero.
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(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)
(13)

SSES-FSAR

Main steamline isoclation  valves will close.
{Accumulators have sufficient volume for one-half cycle
of operation, open to close,)

Main steam safety relief valves will remain closed for
the same reason as the main steamline isolation valves.
However, there is sufficient air in each relief
accumulator to provide one actuation of each relief
valve following MSIV failure.

Containment atmosphere control valves and containment
ventilation isolation valves fail closed on loss of
instrument air.

Drywell and containment ventilation cooling water valves
fail closed on loss of instrument air.

Spent fuel pool cooling and cleanup system - The only
air operated valve is the demineralized makeup to the
pool skimmer surge tank which faile closed and is
provided with a manual bypass valve.

The ventilation supply isolation dampers to the
secondary containment fail closed.

The standby gas treatment system - only the fire
protection water to the charcoal filter would be lost.

The RCIC steamline drain and RHR heat exchanger steam
supply valves will close.

Loss of instrument air has no effect on HPCI.

All testable check valves in the systems - Testability,
not operability, would be lost to those testable check
valves supplied by the Containment Instrument Gas or
Instrument Air Systems.

The following is the sequence of operator actions expected
during the course of the event. The operator should:

(1)
(2)

(3)

Confirm that the reactor has become subcritical.

Initiate a scheduled surveillance of the standby liquid
control storage tank to confirm proper water level and
add water manually as required from the <clean
demineralized water system,

Operate RCIC and/or HPCI according to normal procedures
to maintain normal reactor water level.
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(s)

(6)

(7)

SSES-FSAR

Continue the cooldown of the reactor with the RHR
system, after reactor pressure and temperature have
decreased to the operating limits of RHR.

Confirm normal operation of the standby gas treatment
system.

Manually makeup water to the closed cooling water system
and the fuel pool system from the clean demineralized
water system as required.

Manually adjust the control room ventilation heating and
cooling system to maintain comfortable conditions.

Loss of the instrument air system will result in the shutdown
of the reactor due to the opening of the control rod scram
valves and the closing of the main steamline isolation valves.
The failure of instrument air will not interfere with the safe
shutdown of the reactor since all equipment using instrument
air is designed to fail to a position that is consistent with
the safe shutdown of the plant.
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QUESTION 211.18

We note that some analyzed transients take credit for non-
safety-grade systems or components. The concern is that these
events are analyzed using less reliable systems to show that
the acceptance criteria are met. Confirm that the criteria
would not be exceeded for each transient if credit is not
allowed for these nonsafety systems.

RESPONSE :

Additional failures over and above those presented in the
analyzed transients are considered to be accident conditions.
The consequences of these accident conditions are considered to
be less limiting than other analyzed accidents,

Rev. 46, 06/93 211.18-1



SSES-FSAR

QUESTION 211.12

In the analyses for the generator load rejection and turbine
trip transients, credit is taken for immediate reactor scram
and recirculation pump trip obtained from a valve closure
signal (turbine control valve for load rejection and turbine
stop valve for turbine trip). Analyze these transients without
taking credit for immediate reactor scram and recirculation
pump trip. Take credit only for safety-grade, seismic Category
I equipment and assume loss of offsite power. What is the
effect of the failure of a single safety-grade component?

Present curves similar to those of Figures 15.2-2 and 15.2-4
and give values of maximum vessel pressure and minimum MCPR
with the times at which these values occur. Evaluate the
percent of fuel rods which would reach boiling transition.
Since this event is not an anticipated transient, limited fuel
failure can be allowed if dose consequences are acceptable.

RESPONSE :

A study was performed for Hatch 2 plant (BWR/4) analyzing the
generator load rejection transient with concurrent failures of
direct scram, RPT function, and bypass function. The results
are represented in the attached Table 211.19-1 and Figures
211.19-1 and 211.19-2. Combining the results of the table of
peak clad temperatures with the conclusions reached in the
Letter Report "Transient Reclassification"!, it was concluded
that there will be no calculated fuel failures. This is based
on experimental evidence and calculational studies given in the
above document for conditions similar to those used in Hatch 2
analysis. The conclusions of the Hatch 2 study which
considered single failures of safety-grade components are also
applicable to Susquehanna.

A loss of offsite power would improve the results of the above
transient since the only additional  effect would be a slow
coastdown (in comparison to the RPT function) of the
recirculation pumps.

' This report was submitted to the NRC as an attachment to a letter to R.C. DeYoung from E.A.
Hughes, "Turbine Trip Without Bypass Analyzed as an Infrequent Event,” October b, 1976.
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TABLE 211.191
SUMMARY OF RESULTS
HATCH 2
-
1. Maximum Vesse! Pressure {psig} 1245,
at t{sec) = 2.8
2. Minimum Transients
MCPR 0.89
at t{sec) = 1.7
3. 9% Rods in Boiling Transition 6.7
4. Peak Ciedding Temperature <1420°F

Rev. 46, 06/93
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TABLE 211.19-1

SUMMARY OF RESULTS

HATCH 2

Maximum Vessel Pressure (psig} 1245,

at tisec) = 2.8

Minimum Transients

MCPR 0.89

at tisec) = 1.7
3. % Rods in Boiling Transition 6.7
4. Peak Cladding Temperature <1420°F
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QUESTION 211.20

The frequency category in Table 15.0-1 should be defined and be
consistent with the frequency classification discussion in the
text of Section 15.0.3.

RESPONSE :

Please see revised Table 15.0-1. The frequency categories are
defined at the end of the table.
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QUESTION 211.21

identify the limiting transient for each category in Section 15.0.2. For MCPR limiting
transients, provide the MCPR versus time plots. Larger scale time plots of those
parameters presented in Chapter 15.0 should be presented for the limiting transient in
each category.

RESPONSE

The limiting transient for each category may be identified on Table 211.21-1. The
concept and derivation of a safety limit is such that its validity is transient or path
independent.

Heat flux is the main contributor to the CPR circulation. Since the heat flux peaks and

then decreases in a short period of time, the CPR will also attain its minimum value and
return to is initial position rather rapidly. For this reason plots will not be provided.
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TABLE 211.21-1

LIMITING TRANSIENTS

-

FREQUENCY % RODS IN
ANALYTICAL CATEGORY TRANSIENT EVENT ACPR CLASS BOIL. TRANS. NOTES
1. Decrease in core Feedwater control failure max 0.16* Moderate < 0.1 Limiting event
coolant demand
temperature Loss of feedwater heater 0.12 Moderate < 0.1
manual flow controi {100°F)
2. Increase in reactor Generator load rejection 0.11 Moderate < 0.1
pressure bypass on
Turbine trip, bypass on 0.09 Moderate < 0.1
Generator load rejection 0.19* Maoderate < 0.1 Limiting event
bypass off
Turbine trip, bypass off 017+ Moderate < 0.1
3. Decrease in reactor | Trip of both recirculation ~ 0.0* Moderate 0.0 Transient is inconsequential for
coolant system pump motors this analytic category
flow rate
4. Reactor and power RWE - at power 0.18 Moderate < 0.1 Limiting event
distribution
anomalies
5. Increase in reactor Inadvertent HPCI pump start .11 Moderate < 0.1 Limiting event
coolant inventory :
¢ ODYN results without adjustment factors.
Rev. 46, 06/93
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QUESTION 211,22

Provide assurance that the pressure time plots in Chapter 15
are consistent with the initiation logic for the safety-relief
valves. For example, modifications may have been made to the
safety/relief system to prevent subsequent reopening of these
valves during pressure increase transients to meet containment
design bases loadings.

RESPONSE:

The pressure time plots in Chapter 15 are in fact consistent
with the initiation logic for the safety/relief valves. No
modifications have been incorporated to the safety/relief
system to prevent subsequent reopening of these valves during
pressure increase transients to meet containment design basis
loadings.
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QUESTION 211.23

Provide the number of rods that are expected to be in boiling
transition for the events that go below the safety limit MCPR.

RESPONSE :

For transient events, refer to the response provided to
Question 211.21

For events classified as accidents, the number of rods in
boiling transition is not the applicable criterion on which to
base acceptability but rather an amount of failed fuel as given
in Table 15.0-la. Therefore the number of rods in boiling
transition is not explicitly calculated for accidents.
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QUESTION 211,24

Provide assurance that the limiting pump trip is assumed in
analyzing decrease in reactor coolant system flow rate
transients. The trip initiated from a loss of power may be
different than a trip initiation from the recirculation pump
trip (RPT) system since the location of the electrical breakers
may be different and, thereby, cause different coastdown
characteristics.

ESPONSE :

The limiting pump trip is assumed in analyzing decrease in
reactor coolant system flow rate transients. The two pumps are
tripped or the one pump is seized at time zero with
corresponding flow coastdown, which are conservative
assumptions in simulating the transients.
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UES N 1

Provide a list of normal and maximum expected leakage rates and
activity concentrations from identified and unidentified
sources (e.g., CRD flange leaks, vent cooler drains, etc.) that
are directed to the drain sumps.

RESPONSE :

For response see revised Subsections 5.2.5.1.2.4.3, 5.2.5.3.2,
and 5.2.5.4.1 and Tables 5.2-11 and 5.2-12.
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QUESTION 211.26

The drywell equipment drain sump receives two types of reactor
coolant leakage--hot and cold. Leakage from "hot" sources such
as the reactor vessel head flange, vent drain, and valve
packings may flash into steam which must be condensed to reach
the sump. What assurance is there that the steam will be
condensed for leak detection monitoring purposes? For leakage
from "cold" sources, the floor drain system is employed.

Thue, the floor drain system should be tested periodically for

blocked lines. Discuss the surveillance program planned to
minimize the potential for drain system blockage.

RESPONGE :

For response see Subsections 5.2.5.1.2.4.1 and 56.2.5.1.2.4.3.
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TION 211.27

In conformance with Regulatory Guide 1.45, the radioactivity
monitoring channels are stated to be qualified for operation
following an SSE. Confirm that all of the remaining leakage
detection methods (systems) are qualified for operation
following an OBE. (This includes the drywell equipment and the
floor drain sumps, sump cocolers, and associated instrumentation
and piping.)

RESPONSE:
See Subsections 5.2.5.1.2.4.6, 7.6.1b.1.1.2, and 7.6.1b.1.2.2.
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QUESTION 211.28

With regard to the sensitivity and response times of the
containment airborne radiation monitoring systems, provide a
detailed discussion on the capability of these monitors to
detect a 1 gpm leak in 1 hour for varying containment
background activity levels. The background activity levels
should be considered for the plant containing fresh,
irradiated, and permissible amounts of failed fuel, and the
presence of normal expected leakage rates. Also, include the
assumptions used in determining response times, such as the
preset alarm level for higher background leakage and the
plateout factor. Note that in Section 7.6.1b no information
has been provided regarding sensitivity and response times, and
reliability of the airborne radioactivity monitoring systems as
was stated to be in Section 5.2.5.1.2.3.

ESPONSE :

For response see revised Subsection 5.2.5.1.2.3.1 and Table
5.2-13,
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QUESTION 211.29

Clarify that the calibration of the level sensors is performed
during normal plant operation. Note that per SRP 5.2.5, the
leakage detection systems should be equipped with provisions to
permit calibration and operability tests during plant
operation. Also, the testing and calibration should be in
compliance with IEEE Standard 279-1971. Discuss how you intend
to comply with the above requirements,

RESPONGSE :

Thie information is supplied in revised subsections
5.2.5.1.2.4.1 and 5.2.5.1.2.4.7.
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QUESTION 211.30

Section 5.2.5.1.2.4.1 and Figure 9.3-11 indicate that the
drywell floor drain sumps collect overflow from the drywell
equipment drain tank in which the latter is used for collection
of unidentified leakage. This type of design feature appears
to preclude separate monitoring of identified and unidentified
leakage. :

Show that measures will be taken to prevent a small
unidentified leakage that is of concern from being masked by a
larger acceptable identified leakage.

E NSE :

For response see Subsections 5.2.5.1.2.4.1 and 5.2.5.1.2.4.3.
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QUESTION 211.31

Explain why the piping from the valve stem packing leakoff
connections (of the power-operated valves in the HPCI, CS,
RCIC, RHR, etc.) to the equipment drain sump contain normally
closed manual valves, Shouldn’t these valves be normally
opened?

ESPONSE :

For response see Subsection 5.2.5.2.
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QUESTION 211.32

In conformance to Regulatory Guide 1.45 you state that
provisions will be made to monitor systems connected to the
RCPB for signs of intersystem leakage. Provide a detailed
digcussion that includes identification of all potential
intersystem leakage paths (including detecting leakage from
primary coolant system to the RHR and ECCS injection line) and
the instrumentation used in each path to provide positive
indication of intersystem leakage in the affected system.

RESPONSE :

Provision has been made to monitor systems connected to the
RCPB for signs of intersystem leakage.

Specifically, radiation detectors are provided on the
downstream piping of each RHR heat exchanger to detect primary
coolant leakage into the RHR service water system (see
Subsection 11.5.2.1.14); the radiation monitoring in the
reactor building closed cooling water system (see Subsection
11.5.2.1.15) detects leakage from the reactor water cleanup
system non-regenerative heat exchangers.

Additionally, radiocactive material leakage to the service water
from the fuel pool heat exchanger is monitored by the service
water discharge radiation monitoring system (see Subsection
11,5.2.1.10).
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QUESTION 211.33

BWR operating experience has shown that the HPCI and RCIC
systems have been rendered inoperable because of inadvertent
leak detection isolations caused by equipment room area high
differential temperature signal. The events occurred when
there was a relatively sharp drop in outside temperature. As
noted in Section 5.4.6.1.1.1 and Table 5.2-8, Susguehanna
incorporates this type of HPCI, RCIC and RHR (steam) isolation.
Provide a discussion of the modifications that have been or
will be made to prevent inadvertent isolations of this type
which affect the availability and reliability of the HPCI, RCIC
and the RHR systems.

Secondly, provide the trip settings for isolation of the HPCI,
RHR and RCIC systems due to high area temperature in terms of
degrees above ambient temperature.

Also, discuss the method of specification that would be

applied. Show that the setting could not be set too low and
cause inadvertent isoclation when the system is needed.

RESPONSE :

For response see Subsection 5.2.5.1.3.
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UES N 211.34

In Section 7.6.1a.4.3.9.2.1 you state that the HPCI high
ambient area temperature switch will start the timer and
initiate (after a delay period) the HPCI isolation valve
closure, Provide this time delay period and justify its
selection.

RESPONSE :

The time delay is provided to allow the operator the
opportunity to differentiate between HPCI or RCIC pipe routing
tunnel leakage and once identified isolate the source of the
leakage while not allowing plant safety to be compromised.

The HPCI/RCIC common pipe routing area temperature switches
activate a timer which is set for a 15-minute delay. This
delay provides time for the operator to determine which system
is leaking, and manually isolate that system from the Control
Room before the leak detection logic automatically isolates
both systems. The maximum temperature limitations of the
HPCI/RCIC isolation valves will not be exceeded given this time
delay and a 5 GPM leak rate.

See Reviged Subsection 7.6.1a.4.3.9.2.1
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QUESTION 211,35

Describe the provisions used for protection of the RCIC, HPCI
and the RHR systems from cold weather in order to assure
satisfactory operational performance. Also, in the assessment
include the standby liquid control and the control rod drive
hydraulic systems and sources of water (e.g., CST standby
service water) for all the above systems.

RESPONSE :

All safety related portions of the RCIC, HPCI, RHR, Standby
Liguid Control and CRD Systems (except CST 1level
instrumentation which is described in Section 6.3.2.2.1) are
located within heated portions of the Reactor Building whose
temperature will not go below 40°F. Additionally the Standby
Liquid Control System is provided with storage tank heaters and
heat tracing for the piping and pumps to assure adequate
elevated temperatures to prevent solution plateout.

None of the above systems require an external supply of water
(condensate storage tank) in order to perform the safety
related function. However, the RHR System requires RHR Service
Water to be supplied to the RHR heat exchangers. This supply
of water came from the Ultimate Heat Sink which is located
outside and subject to outside temperatures. Subsection 9.2.7
discusses the protection of this cooling water supply system
from winter temperatures.
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QUESTION 211.36

In the consideration of potential missiles, justify why other
pressurized components such as blank flange assemblies and
pressurized vessels or bottles (e.g., safety/relief valve air

accumulators and nitrogen accumulator tanks) have been omitted
from the evaluation.

RESPONSE :

See Subsection 3.5.1.1.2 for response.
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QUESTION 211.37
Discuss the potential for missiles inside the containment due
to gravitational effects (of such components as electrical

hoists or any unrestrained equipment) during maintenance times,
reactor operation, and following a LOCA.

RESPONSE:

See Subsections 3.5.1.2 and 3.5.1.2.3 for this response.
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QUESTION 211.38

With regard to rotating component failure missiles, show by
analysis that the impeller fragments resulting from
recirculation pump overspeed condition during a LOCA will not
penetrate the pump case. Secondly, provide or reference a
study that shows the probability for significant damage to
occur within the containment from impeller missiles being
ejected out the open end of the broken pipe is acceptably low.
If a similar study for another plant is to be referenced,
justify its appropriateness to your plant design.

RESPONSE :

The analysis that demonstrates that impeller fragments
resulting from a recirculation pump overspeed condition does
not penetrate the pump case was documented in the GE Letter
Report, *"Analysis of the Recirculation Pump Under Accident
Conditions" Rev. 2 which was transmitted to the NRC on March
30, 1979. The relevant calculations below were extracted from
pages 1l4a and 14b of that report.

"The analysis provided below calculates the energy of a 90°
section of a complete impeller (thie missile possesses the
maximum translational kinetic energy). The translational

energy in the missile is compared to that required to penetrate
the pump case,

issi Ki i ner

WK? for impeller = 900 1b ft?

I = WK? = 900 = 27.95 1b ft sec?

g 32.2

K.E. =1 I0* =) (27.95)(550)2 = 4.23 x 10°% ft lbs
TOTAL 2 2

K.E. = 4,23 X 10° = 1.06 X 10° ft 1bs
90° SECTOR 4
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Penetration Energy

(2) (_"_[_C_’) )
2tl1 4
t+f 1;? .

D= = 20.84 in.

where:
D = effective missile diameter (in)
d = impeller diameter (in)
{ = height of impeller (in)
Using the Stanford missile equation
Es = (20,84) (70000) [16000 (3.5)? + 1500 {(33.5) (2.5)]
46500 4
Es = 6.15 x 10° ft 1bs

Since E, > K.E., no penetration of the pump case is
probable."

A study showing the extremely low probability for significant
damage within the containment from an escaping pump impeller
missile was submitted to the NRC as Attachment 3 to the above-
mentioned Letter Report. This bounding analysis is applicable
to the Susquehanna plant.
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QUESTION 211.39

Based on the review of nuclear power plant piping system design
integrity, past history has shown several failures of safety
valve headers resulting in the valves becoming missiles
(NUREG-0307) .

Since you address only the credibility of valve bonnets and
stems, justify why the safety valve header and valve is not
considered as a credible missile. Also, your statement that
bonnet ejection is highly improbable and not considered
credible missiles for valves of ANSI 900 psig rating and above
is not supported. Show that should a large valve component
become a missile, containment penetration would not occur.
Discuss protection, such as equipment separation and
redundancy, to preclude damage to the systems necessary to
achieve and maintain a safe plant shutdown.

RESPONSE:

For response see revised Subsection 3.5 and 3.5.1.2. For a
discussion of the effects of a large valve component missile or
other missile generated inside the containment on the
containment structure itself, see Section 3.8.
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QUESTICN 211.40

Provide a 1listing of the systems and equipment inside
containment necessary to achieve and maintain a safe plant
shutdown.

ESPONSE:
Subsection 3.2.1 discusses plant systems and eguipment

necessary to achieve and maintain a safe plant shutdown. Refer
to Table 3.2-1.
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I 11.41

Provide information demonstrating that loss of the operating
CRD pump at low reactor pressure (less than 500 psig) will not
result in accumulator depressurization and loss of scram
capability. If the accumulator check valves leak following
loss of the operating CRD pump, provide estimated time and
basis before reactor scram capability becomes marginal. Also,
present a testing program or procedure that would assure that
operation of these check valves is acceptable over the plant
lifetime.

SPON

The failure of a CRD pump will not affect the capability to
scram all control rods if required. Scram is achieved on
either HCU accumulator pressure or a combination of accumulator
pressure and reactor pressure. Flow from the CRD pump is not
required to successfully scram the plant. Each of the 185
control rod drives has its own HCU which operates independently
of any others. Each HCU is safety grade and has its own
accumulator. The condition of the accumulators is continuously
monitored by the Reactor Manual Control System. Loss of
pressure and/or leakage from any of the 185 accumulators is
detected by PSL-130 and LSH-129 respectively for each
accumulator, as shown in Figure 4.6-5. Both occurrences are
annunciated and a 1light signal identifies the particular
control rod drive.

If a CRD pump fails the operator will bring the second pump on-
line. If that pump is unavailable the operator can initiate a
manual scram. If the pressure in a scram accumulator drops and
approaches a pressure level below which control rod scram
capability is impaired, an alarm is triggered and a light
signal will identify the particular control rod drive. The
operator will initiate a manual scram depending on the number
of drives in this state.

If an accumulator check valve were to leak at the maximum
allowable rate against which it has been designed, the minimum
time available before scram capacity of an individual drive
becomes marginal is at least 20 minutes. This, however, does
not mean that the total core scram capability becomes impaired
due to the leakage from one check valve.

The core is designed to be shutdown from all operating
conditions with the most reactive control rod fully withdrawn.

BWR reactor experience indicates there has been no failure to

scram in over 200 reactor years that can be attributed to the
reactor scram mechanical system of which the HCUs are a part.
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No more than three failures of individual drives to scram have
occurred in over 270,000 individual drive scrams,
Several failures to scram of individual drives would have to
occur simultaneously to prevent reactor shutdown.

In summary, as previously mentioned, accumulator pressure is
continuously monitored and a pressure decrease is alarmed to
the operator; therefore, further analysis of the reliability
and duration of the check valves to hold scram accumulator
pressure is not needed.

Operational experience has shown that a testing program or
procedure that would assure acceptable check valve operation is
unnecessary.

The applicant’'s position is that it is unreasonable and
unjustified to postulate simultaneously the loss of the CRD
pump and, in addition, the standby CRD pump; the common mode
failure of the accumulator check valves; and reactor pressure
too low to drive the control rods into the reactor.

The events postulated utilize accident assumptions applied to

normal operational events and assumes failure of non-safety
grade equipment (CRD pump and CRD standby pump}.
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UESTION 211 .42

Confirm whether the newly revised collet retainer design will
be incorporated into the CRD mechanism.

RESPONGSE :

The revised collet retainer tube will be used on both
Susquehanna plants. Materials as given in Subsection 4.5-1 for
the Outer Tube, Tube, and Spacer are correct.
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QUESTION 211.43

In response to Question 112.7 regarding radial cracks in the
reactor vessel feedwater nozzles and the CRD return line you
stated that you are eliminating the CRD return line. Discuss
the impact of this modification on the plant. 1In particular,
include information covering, but not limited to, the following
areas: - :

(1) Compare reactor vessel makeup capability for one and two
CRD pump operation before and after the proposed
modification. Commit to preoperational testing to verify
the modified flow capability.

(2) Commit to preoperational testing to verify individual
performance of modified CRD components and other aspects
of the CRD system potentially affected by eliminating
the CRD return line (equalizing valves, filters, scram
times, settling function, etc.).

(3) Should new equalizing valves be added, discuss the
potential 1lifetime effect on drive speeds; in
particular, evaluate the vulnerability of the CRD system
to a voiding of the drive exhaust header after a single
failure.

(4) Evaluate the lifetime effect of the added flow through
such components as the drive exhaust header and
stabilizing lines; in particular, discuss the increased
potential of corrosion products from carbon steel piping
to deposit additional foreign matter in the drives.

(5) Discuss the potential for, and effect on, flow reversal
through the directional control solenoid valve over the
plant lifetime.

(6) Discuss the expected effect of the CRD modifications on

the AP settling function across drives to ensure
latching after withdrawal.

ESPONSE :

(1) The Control Rod Drive (CRD) system provides water to

a) maintain the CRD scram accumulators in a charged
condition,

b) drive the control rods in and out of the core, and

c¢) c¢ool the CRD mechanisms.
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Verification of functional requirements including control room
flow and pressure indications, is confirmed during
preoperational- testing.

The CRD return line was designed to provide a reactor pressure
reference to the CRD system and to return to the reactor vessel
water exhausted from CRD movement or for water in excess of
system demands. In response to the discovery of cracking in
the CRD return line nozzle, some BWRs under construction chose
to modify the CRD system by total removal of the CRD return
line and capping of the CRD return line nozzle. Although no
credit has been taken for the CRD system high pressure
inventory make-up capability in any previous safety analyses,
the NRC staff believed the CRD coolant makeup capability of the
system was a necessary redundant core cooling system and
therefore made the recommendations outline in NUREG-0619.
Section 8.1 of NUREG-0619 recommends that those BWR’s without
a dedicated return line piped to the reactor vessel demonstrate
system capacity equivalent to the vessel coolant make-up
required forty minutes following a reactor scram.

The CRD pumpe were designed to simultaneously: 1) deliver a
high discharge head for maintaining the scram accumulator
charged and 2) deliver a relatively low coolant flow rate to
the CRDs at operating reactor pressure. Performing as a high
pressure make-up system was not a criterion considered when the
CRD pump performance characteristics were specified.

The CRD system discharge piping was sized based on a maximum
pump discharge flow rate of approximately 100 GPM. At the
increased flow rates necessary to meet the recommendations of
NUREG-0619, the piping pressure losses can increase as much as
300%. The impact of the increased flow rate recommended by
NUREG-0619 is most evident when compared to the increase in
piping pressure losses. While the system piping is capable of
meeting the system functional requirements, it will not have
the capability to meet the vessel make-up inventory
recommendations of NUREG-0619.

In summary, the CRD system meets its functional regquirements
and this is verified during preoperational testing. The pumps
and piping were not designed to provide core cooling makeup
flow. No significant differences in flow capability exists
with or without CRD return line. Therefore, the two pump
testing is shown to be unnecessary. Although PP&L recognizes
the CRD system as a potential source for reactor coolant make-
up, it is meager when compared to HPCI, RCIC and feedwater
make-up flow rates. No credit is taken for the CRD system
coolant make-up capability in any plant safety analysis, but
the Emergency Procedure Guidelines employ this system and all
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other potential inventory make-up systems if demanded by
emergency operating symptoms,

The above text was excerpted from a "white paper" submitted by
the Licensing Review Group to the NRC on March 26, 1982. The
staff subsequently withdrew its recommendation for a CRD make-
up flow test per Section 8.1 of NUREG 0619 on June 23, 1982
{(Memorandum, Rubenstein to Tedesco).

(2)

(3)

(4)

(5)

(6)

The control rod drive preoperational test will
demonstrate that the system is fully operational and
that all components including the hydraulic drive
mechanisems, pumps, and flow control valves function
properly. The CRD system will be configured with the
modifications noted in the NRC concern.

In order to assure satisfactory system operation with
the single failure of an equalizing valve, the proposed
design modification will include the addition of two
equalizing valves installed in a parallel configuration.
The failure of either wvalve will not dimpair CRD
operation for any foreseen operating or accident
condition.

The CRD return line modification engendered no changes
in flow of long term significance through components
such as the drive exhaust header and stabilizing lines.
Also, since the Susquehanna CRD hydraulic system
components and lines are exclusively stainless-steel
downstream of the drive water filters, the potential for
depositing foreign material in the drives from this
source is negligible.

General Electric has completed lifetime testing of the
subject directional control valves in response to the
concern of pressurization and flow in the reverse
direction. It is concluded from these tests that no
adverse effects on the test valves resulted from the
reverse flow mode of operation. (A copy of the report
on these valve tests has been sent to Messrs. V. Stello
and R. J. Mattson of the NRC by G. G. Sherwood of G. E.
Licensing on April 9, 1979.)

In the new system configuration, the exhaust water
header is essentially isolated from the rest of the CRD
hydraulic system and maintained at nearly reactor
pressure. During periods of rod motion and subsequent
rod settling, the flow discharged from the drive to the
exhaust water header is readily dissipated to adjacent
drives (i.e., wvia reverse flow through the -121
directional control valves of adjacent HCUs) and briefly
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causes the pressure in the exhaust water header to
increase only a few psi. Thus no detrimental effects on
rod settling performance is expected to result from this
CRD system modification. Furthermore, evidence of
satisfactory drive settling will be established during
preoperational testing with the return line eliminated.
CRD drive operation within acceptable defined margins
must be demonstrated by this testing prior to plant
operation.
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QUESTION 211.44

Provide assurance that the essential portions of the control
rod drive system, namely, the 1-inch supply and return piping
located inside the containment are protected from the effects
of a high or moderate energy line breaks such as the high
pressure core spray system, or high pressure core injection
feedwater system, or high pressure core injection feedwater
system, reactor coolant pressure boundary, etc. In support of
the above information request, provide or reference equipment
location or layout drawings to assure that no high or moderate
energy piping systems are close to the control rod drive system
or that protection is provided from the effects these pipe
breaks. The concern is whether pipe whip and/or jet
impingement can impair the capability to scram. In addition to
the above requested evaluation, assess damage to the cluster of
CRD return and supply lines, and scram capability by
postulating rupture of a single CRD supply or return line.

RESPONSE:

The CRD insert (1" - SCH 80 piping) and withdraw lines (3/4" -
SCH 80 piping) are routed such that half of the lines are on
either side of the reactor vessel. Appropriate design
considerations were given to the effects of postulated
recirculation pipe breaks which would lead to pipe whip and/or
" jet impingement:

1. Pipe Whip Restraints

The potential for pipe whip due to postulated rupture of
the recirculation piping was considered and an adequate
pipe whip restrain system is provided.

The design provisions and criteria used to assure that
the reactor and all essential equipment within primary
containment are adequately protected against pipe whip
are discussed in detail in Section 3.6. Figure 3.6-14
shows the location of pipe whip restraints as well as
breaks considered in the design. Breaks will be
selected in accordance with the intent of Regulatory
Guide 1.46 and ANS 58.2. The pipe whip analysis will
demonstrate that the restraint system will prevent the
recirculation piping from impacting the CRD insert and
withdraw 1lines. Table 3.6-2 summarizes essential
systems and components in close proximity to high energy
fluid system piping in the containment and from which it
is confirmed that no CRD line is located close enough to
the recirculation piping to be contacted during pipe
whip.
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Jet Impingement

The evaluation of jet impingement was also a design
consideration. Jet loads should not cause inoperability
of the CRD lines sgince no total crimping is possible
from the jet effects on the CRD bundles.

A minimum of 3 gpm is required to accomplish scram and
the piping would have to be completely sealed to prevent
flow. Thus, it is physical impingement or pipe whip
against the CRD piping.

CRD Piping Rupture

The CRD design is such that, if CRD piping should
rupture, reactor pressure will act upon the drive piston
causing rod insertion. Neither jet impingement nor pipe
whip (because of restraints) could cause a pipe rupture,
however.
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QUESTION 211.45

The RHR system shall be capable of bringing the reactor to a
cold shutdown using only safety-grade systems. Confirm that
this requirement is met. Include in your assessment the air
supply system used to operate the RCIC (or HPCI) steam and
condensate control valves located at the RHR heat exchanger
when the RHR system is in the steam condensing mode.

RESPONSE:

If the non-safety grade main condenser is not available for
reactor shutdown, the safety-grade safety-relief valves are
used to depressurize the reactor to 100 psig (nominal) while
the safety-grade RCIC system supplies make-up water. Below 100
PSIG (nominal) the safety-grade RHR shutdown cooling mode is
used to continue the reactor shutdown to the cold shutdown
condition.

The RHR steam condensing mode and therefore the A.0. RHR steam
regulating and condensate regulating valves were not used for
safety-grade reactor shutdown.

In conclusion, the BWR provides a means to bring the reactor to
cold shutdown using safety-grade systems.

NOTE: The steam condensing mode has been eliminated since the

original response to this question. See FSAR Section
5.4.7.1.1.5 and the response to Question 211.46.
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QUESTION 211.46

The RHR system shall be capable of bringing the reactor to a
cold shutdown with only onsite or cffsite power available and
with the most limiting single failure. Figures 15.2-10 and -11
show available success paths to achieve a cold shutdown
condition; however, vessel depressurization via the RHR system
in the steam condensing mode is not shown. For completeness,
provide a corrected figure or justify this omission. If vessel
depressurization were to be achieved via manual relief valve
actuation, how many valves would be required? Describe your
plans for testing the alternate shutdown cooling modes of
operation. Demonstrate that adequate passage of water through
the safety/relief valves can be achieved and maintained when
the alternate method is in use. 1Include the quantity of air
supplied, the source, and the time before the air is exhausted.

RESPONSE:

The omission of utilizing the steam condensing mode of the RHR
system operation to achieve c¢old shutdown conditions is
justified because there is no requirement to do so and the
current design of the plant is not compatible due to flow path
requirement. Additionally, the steam condensing mode of RHR
system operation was not a safety grade means for
depressurizing the reactor because a safety grade air supply is
not available to the steam regulating valve.

Plans for testing alternate shutdown modes of operation are
based on the technical specifications.

Achieving and maintaining vessel depressurization through
manual relief wvalve actuation requires a maximum of five (5)
valves being actuated to pass sufficient steam and water.

The air supply for ADS valves is discussed in the response to
Question 211.67.°

NOTE: The steam condensing mode has been eliminated since the

original response to this question. See FSAR Secticn
5.4.7.1.1.5.
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UESTION 211.47

During the shutdown cooling mode, the "flush water" valves are
opened and closed outside the control room. Specifically
identify the operated local flush water valves and the source
of flush water. Discuss the consequences assuming the operator
would omit this procedure and/or forget to close a local flush

water valve and continue shutdown operations. Include
available interlocks in the discussion.
RESPONSE :

Flush water is provided by the condensate transfer system to
the RHR system piping at several locations through 1locally
operated valves, specifically:

1) Head spray line via normally closed valves F081 and
Fog2.
2) LPCI injection lines via normally open fill lines.

3) Shutdown cooling suction line via normally closed valves
F064 and F083.

4) RHR pump suction line via normally closed valves HV15186
and 51-083.

Consequences of omitting the flushing procedure and/or not

closing a local flush water valve and continuing shutdown
operations is discussed in revised Subsection 5.4.7.2.6.
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Question Rev. 51

QUESTION 211.48

In Section 5.4.7.1.3 you identify the RHR relief valves and the RHR design pressure used as the
sizing basis for the refief valves. Expand your discussion by providing the set point tolerance
and ASME class rating of the valves and lines.

In addition, discuss the vuinerability of the RHR system to malfunctions which could result in
overpressurization of low pressure piping. Support your evaluation by providing an outline of all
operating procedures required to bring the plant to a cold shutdown condition from hot standby
and procedures for plant startup from cold shutdown.

RESPONSE:

The set point tolerances for safety-related relief valves procured by Bechtel are in accordance
with the ASME B&PV code.

The ASME class ratings of the valves and lines are as shown on Dwg. M-151, Sh. 1.

The RHR system is connected to higher pressure piping at shutdown, suction, shutdown
return/LPCI injection, head spray, and heat exchanger steam supply. The vulnerability to
overpressurization of each location is discussed in the following paragraphs.

Shutdown suction has two gate valves, F008 & F009, in series which have independent
pressure interlocks to prevent opening of each valve at high inboard pressure. No single active
failure nor operator error will result in overpressurization of the lower pressure piping.

The shutdown return/LPCI injection line has a swing check valve, F050, to protect it from higher
vessel pressures. Additionally, a gate valve, F015, is located in series and has a pressure
interlock to prevent opening at high inboard pressures. No single active failure nor operator
error will cause overpressurization of the lower pressure piping.

The head spray line has a swing check valve, F019, to protect frem higher vessel pressure.
Additionaity, a globe valve, F023, is located in series and has pressure interlocks to prevent
opening at high inboard pressure. No single active failure nor operaler error will cause
overpressurization of the lower pressure piping.

The heat exchanger steam supply line has two pressure reguiating giobe valves. The operator
sets the pressure regulating valves, F052 & F051, to limit heat exchanger pressure. A relief
valve, FO55, is provided downstream of F052 and F051 to protect the low pressure piping
should the regulating valves fail open. No single active failure nor operator error will cause
overpressurization of the low pressure piping.
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OUTLINE OF OPERATING PROCEDURE AND RHR OVERPRESSURIZATION
SAFEGUARD

1. Plant Shutdown to cold shutdown from hot Standby* with safety grade systems.

reactor condition OPERATING MODE USED | rhr
' overpressurization
safeguard

Depressurization from hot | main steam relief valve RHR isolated

standby to ~100 psig discharge to the suppression
pool depressurizes vessel
initiate and operate pool low pressure mode, no
cooling mode of RHR safeguards required
system

Cooldown from ~100 psig | initiate and operate redundant pressure on

to cold shutdown shutdown cooling mode of inter-FO08, FOO0S and FO17
RHR system close valves above

pressure interlock setpoint.

2. Plant Startup From Cold Shutdown

Reactor Coolant below terminate shutdown cooling | redundant pressure

125° & RPV head and isolate RHR interlock on F0O8, FOO9

replacement and F017 close valves
above pressure interlock
setpoint.

Remainder of Startup standard RHR isolated

~220° F vent and vessel recirculation system RHR isolated

pressure RPV and RWCU

~320 psi open steam bypass to main | RHR isolated

condenser, vessel
recirculation, and RWCU

above ~920 psi admit steam to turbine and RHR isolated
synch to grid, vessel
recirculation, and RWCU

* Normally, the main condenser is the heat sink during hot standby.
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QUESTION 211.49

Provide more detailed information regarding the actuation of
the automatic minimum flow valves used for RHR pump protection
against damage from a closed discharge valve. For example,
specify flow rate quantities that signal minimum flow valve
opening and closure on low main line flow and high main RHR
line flow,respectively. Also, state whether the control system
meets IEEE-279 standards. Confirm that the minimum flow line
valve restrictors are designed to safety-grade standards (e.g.,
seismic Category I, ASME Code Section III).

Also, provide the design pressure of the minimum flow line.

RESPONSE :

The minimum flow valve opens at main line flows of less than
2000 gpm; this allows flow to return to the suppression pool
through the low resistance low flow bypass line which branches
off the main line upstream of the flow element.

The minimum flow valve closes at main line flows greater than
2000 gpm; this closes the low resistance low flow bypass to the
suppression pool and forces the entire pump discharge flow
through the main line.

The minimum flow-valve valve control meets IEEE-279
requirements on the ECCS network level.

The minimum flow line restricting orifice is Quality Group B

(i.e. Seismic Category I, ASME Code Section III). The piping
is rated at 300 psig.
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Question Rev. 53

QUESTION 211.50

Per Table 5.4-3, the RHR isolation valves FO08 and FO09 are signaled to close on reactor low
water level. Clarify whether this valve isolation signal is based on the same signal as the RHR
pump actuation in the LPCI mode, which is a water level of 1.0 foot above the active core. If
not, provide vessel water level that isolates the RHR suction valves and show that core cooling
can be maintained assuming a pipe break outside the containment. Hence, provide the
following additional information assuming a pipe break outside containment in the RHR system
when the plant is in a shutdown cooling mode:

(1) Identification of systems available for maintaining core cooling.

(2) Maximum discharge rate resulting from the break and the time frame available
for recovery based on the discharge rate and its effect on core cooling.

(3) Identify the alarms available to alert the operator to the event, assurance that
recovery procedures are available, and show that adequate time is available for
operator action.

(4) Following the moderate energy line break, single failure criterion should be
applied consistent with SRP 3.6.1 and BTP APCSB 3-1.
RESPONSE:
F008 and F0Q9 isolate at reactor water level 3 which is approximately 15 feet above the top of
the active fuel. Should a pipe failure occur in the shutdown suction piping, outside the
containment, in the RHR system when the plant is in shutdown cooling, acceptable core cooling
would be achieved by the core cooling systems. The following core cooling systems would be

available to maintain core cooling when applying SRP 3.6.1 and BTP APCSB 31|

Note that HPCI would not be available when in shutdown cooling since it isolates @ 105 psi
reactor pressure and the shutdown cooling interlock is @ 98 psi reactor pressure.

- If the single active failure is LPCS the following are available: 4 LPCI Pumps and 1
core spray loop

- If the single active failure is LPCI (not shutdown cooling loop) the following are
available: 2 core spray loops and 2 LPCI pumps (in 1 loop)

The following signals automatically isolate FO08 and FOQ9 as a result of a pipe failure outside
containment:

- RPV water level low - level 3
- RPV pressure high

- High Pump Suction Flow
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Question Rev. 53

The RPV water level low level 3 isolation signal will isolate the failed RHR line. The operator
would be alerted to the failed pipe outside the containment by:

- High Pump Suction Flow

- Equipment Area Temperature High

- RPV Water Level Low (Level 3)

- Sump Operation Monitor (i).

- Equipment Room Radiation High. (not class 1E)

Appropriate action could be determined and alternate shutdown cooling could be established in
accordance with off normal procedures. If the break occurs between the containment
penetration and the RHR equipment room, there is no flooding level alarm, but there is an
equipment area high temperature alarm. If the break occurs in the RHR equipment room, it will
be detected by the room flooding detection system and the area high temperature alarm in the
RHR equipment room. As a worst case, the low pressure systems would inject when level
reaches — 129 inches.

From a flooding standpoint, the worst case pipe rupture in the reactor building was found to be
the 24” GBB-109/209 RHR piping in the piping/penetration rooms on elevation 683’, with a
maximum crack flow of 1360 gpm. The crack is postulated with the RHR system in shutdown
cooling mode with the reactor cavity flooded. Although slightly higher pressures exist during
operation of shutdown cooling with the vessel pressurized, these periods are of very limited
duration. In addition, during these periods, adequate plant protection from a pipe rupture is
provided by the level 3 shutdown cooling isolation function, as described above.

The analysis demonstrates that adequate alarms and instrumentation are available to detect the
break in a timely manner and that sufficient time remains for operator action to terminate the event
such that no unacceptable flooding results. Credit is taken for operator actions to terminate the
event within 45 minutes. In this scenario, the sump room on elevation 645’ in the basement of the
reactor building is flooded due to the reactor building sumps backing up into this area. Watertight
doors between the sump room and connected division 1 RHR/core spray pump rooms prevent
water from entering these rooms and these systems remain operable during the flooding event.
Water intrusion through equipment hatches above the ECCS/RCIC rooms is conservatively
assumed in this evaluation, even though these hatches have been sealed with caulk. The analysis
shows that the resulting inleakage through the equipment hatches would not adversely affect
operation any ECCS/RCIC systems. The analysis demonstrates that adequate core cooling
systems remain available to maintain safe shutdown, assuming an additional single failure as
required in BTP ASB 3-1.
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UESTION 211,51

Discuss system design provisions to prevent damage to the RHR
(LPCI) pumps against pump runout conditions during ECCS and
test modes of operation.

RESPONSE :

RHR pump damage due to high runout flows during ECCS modes is
prevented as follows:

The LPCI injection piping has a restricting orifice, F015100,
to prevent excessively high runout flow rates.

The Containment Spray piping has higher frictional and
elevational losses than the LPCI injection piping; therefore,
RHR flow to containment spray will always be less than the
above LPCI injection flow rate and, as a result, will have an
acceptable runout flow rate.

The pool cooling piping has the same restricting orifice as
LPCI injection, F015100, plus the added resistance of the HX's
and a smaller diameter pool return line.

These added resistances more than compensate for the lower
elevation head of the pool cooling mode and, therefore, result
in a flow less than LPCI injection, which is an acceptable
runout flow rate.

RHR pump damage due to high runout flows during testing is

prevented by the system resistance described above and by
operator action to throttle flow as needed.
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Question Rev. 51

QUESTION 211.52

Figure 5.4-13 of the FSAR shows the labeling of the orifices in the discharge lines as "FO."
Clarify whether this is a restricting orifice, normally labeled as "RC."

RESPONSE:

As shown on Dwg. M-100, Sh. 1, "FO" stands for flow restrictor.
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Question Rev. 47

QUESTION 211.53

Explain the apparent discrepancy between Figure 5.4-14a and Table 1.3-3 which identifies three
RHR pumps and four RHR pumps, respectively.

RESPONSE:

Both Dwg. M1-E11-3, Sh. 1, and Table 1.3-3 correctly indicate that there are four RHR pumps. |
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QUESTION 211.54
Provide a more detailed description and location of the RHR
pump suction strainer inside the suppression pool. Include

pipe bends and the minimum height of the suppression pool water
level above the suction strainer. Show that the NPSH at the
center line of the RHR pump will be met at the pump’s design
condition as well as at the most limiting operating condition.

Also, discuss the size of particles that could pass through the
strainer and continue to the RHR pump passages. How much

material blockage would it take to significantly affect RHR
pump suction flow from the suppression pool following a LOCA?

ESPONSE :

For response refer to revised Subsection 5.4.7.2.24.
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UE N 211.5

Provide pressure interlock set points used in the prevention of
opening the RHR isolation valves F008 and F009 to the low
pressure suction piping, and for the initiation of wvalve
closure on increasing reactor pressure.

E SE:
The pressure interlock set point for RHR shutdown suction
isolation valves F008 and F009 is nominally 135 psig plus

elevation head. The set point for opening and closing is the
same.
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QUESTION 211.56

Confirm that all valves performing an isolation function
between the high pressure and low pressure boundary in the RHR
system (e.g., check valves and motor-operated valves) meet the
leak testing and inspection requirements of the ASME Section XI
code for Category A valves. A combination of two or more check
or motor-operated valves in series should have design provision
for individual leak testing of any two valves.

RESPONSE :

As stated in revised Subsection 5.4.7.1.2, Reactor Coolant
Pressure Boundary valves are subject to inservice leakage
testing requirements as provided in 10CFR50.55a.

The pump and valve testing program, including specification of

leakage testing requirements will be provided in the response
to FSAR Question 110.47.
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Question Rev. 51

QUESTION 211.57

Commit to providing a means for pressure relief between the two RHR isolation valves FO08
and F00S or show by analysis that piping integrity would be maintained assuming a LOCA or
steam line break would occur and the trapped water between the valves would thermally
expand.

RESPONSE:

Dwg. M-151, Sh. 1 shows relief valve F126 between F008 and F009. This valve will provide
pressure relief.
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QUESTION 211.58

Operation of the RHR system in the steam condensing mode
involves partial draining of one or both RHR heat exchangers
and introduction of reactor steam into initially cold lines and
heat exchangers. Describe the methods (e.g., valve operation,
air introduction, etc.) and provisions to be used to prevent
occurrence of water hammer during the initiation of operation
in this mode, and the change to the pool cooling mode. When the
RHR is used in the steam condensing mode with one ox both heat
exchangers, can the jockey pump system £ill the lines to the
injection valve in the core spray and RHR lines? If not, what
procedures would be used to prevent water hammer following
startup of the core spray or RHR pumps?

Pressure relief valves and lines designed to overpressurization
of the RHR system are routed outside containment before being
returned to the suppression pool. Discuss design provisions
made to mitigate possible water hammer in these lines.
Secondly, confirm that these relief lines are capable of taking
the seismic and dynamic blowdown loads without loss of piping
integrity.

RESPONSE:

Initiation of the steam condensing mode was previously
described in Subsection 5.4.7.2.6.b. The functions intended to
prevent water hammer during initiation of this mode of
generation include:

1) Lowering of heat exchanger water level to provide
expansion volume for steam

2) Opening of heat exchanger non-condensable vent before
steam is admitted to provide a discharge path

3) Initially admitting steam at a low pressure and slowly
increasing steam pressure to 200 PSIG to avoid high
pressure surges

4) Opening all valves slowly to avoid sudden flow surges.

The functions intended to prevent the occurrence of water
hammer following steam condensing termination and change to
pool cooling are:

1) Closing the heat exchanger condensate discharge and
letting continuing condensation raise the water level
until the rate of increase becomes very slow.

2) Opening valves connecting the heat exchanger to the
main RHR loop.
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3) Opening high point vent and filling heat exchanger
shell and connecting piping using the condensate
transfer system.

When the RHR system was used for steam condensing, the LPCI
injection loop was isolated from the heat exchanger steam flow
by closing valves F003 and F047. (see RHR P&ID Figure 5.4-13).
During steam condensing the RPV injection lines of the core
spray and the RHR system were kept full by the condensate
transfer system. The use of the steam condensing mode had no
effect on the condensate system’s ability to £ill the injection
lines, since the fill connections were outside the steam
condensing loop. Startup of the RHR or core spray pumps did
not cause water hammer since there were no voids in the
injection lines. Please note that Susquehanna SES is not
equipped with a jockey pump system, and that the Core Spray
System was not associated with steam condensation.

Discharge lines connecting to the pressure relief valves in
each RHR loop are continucusly sloping towards the suppression
pool and, therefore, are normally empty. A vacuum relief valve
is provided near the discharge of each line to prevent below
atmospheric pressure surges in the line and thereby mitigate
the potential for water hammer.

Each discharge line is designed to withstand the seismic and
dynamic blowdown loads without loss of piping integrity.

NOTE: The steam condensing mode has been eliminated since the

original response to this question. See FSAR Section
5.4.7.1.1.5 and the response to Question 211.46.
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QUESTION 211.59

Discuss the procedures for minimizing the potential for exceeding the allowable
cooldown rate (greater than 100 degrees Fahrenheithour) of the RHR and the reactor
coolant system when placing the plant in a shutdown cooling mode following planned
normal conditions or an emergency. '

RESPONSE: -

When either the normal shutdown cooling mode or the alternate shutdown cooling mode
(SRV return to pool and suction from pool}) is used, the operator controls the cooldown
rate via valves F017 (total flow), F048 (heat exchanger bypass flow), FO47 (heat ]
exchanger inlet flow) and FOO3 (heat exchanger outlet flow). The operator determines

the cooldown rate by monitoring reactor coolant temperature change with time.
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QUESTION 211.60

Discuss the RHR pump reliability for long-term operation.
Long-term reliability should be demonstrated by either
operational experience or testing. If previous operational
experience are be cited as the basis for qualifying the pumps,
state any pump design differences and conditions from previous
pump operations. '

RESPONSE :

Operational experience is the bases for demonstrating long-term
reliability of the RHR pumps, i.e., over 3000 hrs. of total
operation {(not continuous on only one pump) with no reported
problems. Based on this operating experience and past
experience on similar pumps in non-nuclear service it can be
expected that the 8Susquehanna RHR pumps will operate as
required.
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QUESTION 211.61

Leakage of steam from the HPCI steam line past the normally
closed valves F051 and F052 can and has caused steam bubble
formation in the RHR heat exchangers with resultant water
hammer following startup of the RHR pumps. Describe the
provisions (e.g., sensors with alarms) and procedures you plan
to use in preventing such an occurrence due either to leakage
or inadvertent valve opening.

RESPONGSE :

If inadvertent valve opening or leakage causes system pressure
to exceed relief valve F025 set point, a high pressure alarm
off pressure switch N022 will occur. Also, if a steam bubble
is forming in the heat exchanger or steam supply piping,
temperature element N004 will indicate abnormally high
temperatures and will alarm at set point.
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QUESTION 211.62
Provide an RCIC pump performance curve that depicts flow rate
versus reactor vessel pressure. Also, identify the most

limiting operating condition and specify the NPSH margin under
this condition.

RESPONSE:

The RCIC system, when operating, provides constant make-up at
a flow rate of 600 gpm independent of reactor vessel pressure.

The most limiting operating condition occurs during the initial
start-up with a closed discharge valve. For this condition, a
minimum by-pass flow of 75 gpm will be maintained to prevent
pump damage.

For minimum NPSH available see revised Subsection 5.4.6.2.2.2.
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STION 1

It appears that it is possible for some steam condensate to
remain in the lines leading to the RCIC steam turbine. (This
occurs when the steam isolation valves would be temporarily
closed for maintenance.) Discuss whether the amount of liguid
can cause damage to the RCIC turbine so that the system is
incapable of delivering water to the reactor vessel as
required. Also, describe the design modifications you propose
to prevent water hammer effects at the turbine exhaust.

RESPONSE:

If the steam isolation valves were temporarily closed for
maintenance, administrative control and specific operating
procedures precludes the possibility of thermal shock or water
hammer to the steamline, valve seats, and discs. Keylock
switches are provided as part of the administrative control.
Operating procedures involve opening the outboard isolation
valve, warming the steamline by gradually opening the warm-up
valve located on a pipeline bypassing the inboard isolation
valve and then opening the inboard isolation valve.

A vacuum breaker system is installed close to the RCIC turbine
exhaust line suppression pool penetration to avoid siphoning
water from the suppression pool into the exhaust line as steam
in the line condenses during and after turbine operation. The
vacuum breaker line runs from the suppression pool air volume
to the RCIC exhaust line through two normally open motor
operated gate valves and two swing check valves arranged to
allow air flow into the exhaust line, precluding steam flow to
the suppression pool air volume.

During turbine operation, condensate buildup in the turbine
exhaust line is minimized by the installation of a drain pot in
a low point of the line near the turbine exhaust connection.
The condensate collected in the drain pot drains to the
barometric condenser through a restricting orifice.

There is also a steam supply drain pot which controls condensed
steam in the RCIC turbine steam supply line.
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Question Rev. 47

QUESTION 211.64

An isolation signal closes a number of valves in the RCIC system. In particular, the affected
valves are F063 and F064, FOO7 and FOO08 located inside and outside containment. branched
off the main steam line. However, the P&ID shows that these valves are keylocked open
Justify this apparent discrepancy and evaluate the consequences of a postulated pipe break
downstream of the first or second isolation valve for steam flow rates less than or greater than
the 300 percent of the steady-state steam flow indicated in this section.

RESPONSE:

FOB83 and FO64 check valves are both located outside the containment and do not branch off
the main streamline. The RCIC, P&ID, Dwg. M-149, Sh. 1 shows these valves without keylocks [
and without an isolation signal input.

The following discussion pentains to containment isolation valves FO07 and FO08.

The isolation signal is automatic and bypasses the keylock when the valves must be closed in
the case of an RCIC line break. For other accidents, it is more desirable to have steam
available for RCIC operation than to preclude its operation because of a containment automatic
fsolation valve closure signal. If the isolation valves were closed, operator action would be
required to reopen the valves to avoid water hammer and thermal shock. An isolation signal is
given for a large pipe break by detecting flow rates greater than 300 percent of the steady-state
steam flow. For leakage with flow rates less than 300 percent of steady-state steam flow, an
isolation signal is signaled by use of area temperature sensors provided by the leak detection
system.

If the steam isolation valves were temporarily closed for maintenance, operating procedures
provide specific directions on opening the steam isolation valves and the warm-up line. This
administrative control relieves the possibility of thermal shock or water hammer to the steam
line, valve seats, and discs.

Keylock switches on the steam isolation valves provide positive administrative control of the
opening procedures.
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T 11

For the failure of the normal RHR shutdown cooling event
analysis, provide the reactor vessel temperature and pressure
time traces and the suppression pool temperature time trace for
the alternate shutdown cooling modes--activity Cl1 and C2 as
described in Figure 15.2-11. 1Include the assumed initial pool
and service water temperatures.

ESPONSE :

Revision 1 to the FSAR contains an update of this transient and
provides this information. See Figures 15.2-12 and 15.2-13.
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QUESTION 211.66

Provide estimated times to achieve a cold shutdown condition
for the alternate cooling paths Activity C1 and C2 as described
in Figure 15.2-11.

RESPONSE :

FSAR Revision 1 contains an update of this transient and
provides this information in the "Notes for Figure 15.2-11".
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QUESTION 211,67

The FSAR states that the accumulator sizing for the power-
operated relief valves is sufficient for one actuation; and for
the automatic depressurization system (ADS) valves it is
sufficient for two actuations. A "noninterruptable" safety-
grade source of air for the ADS valves is required to terminate
certain postulated transient and accident events without loss
of the ADS function. Show that an adeguate supply of air will
exist to operate the ADS valves for the following conditions:

(1) The alternate method of achieving and maintaining a cold
shutdown following a loss of offsite power with a worst
single failure in the RHR system;

(2) For a small LOCA with failure of high pressure ECCS
where the ADS valves would be used for reactor vessel
depressurization and maintaining long-term cooling.
Include a discussion and procedures to be used to
replenish coolant inventory; and

(3) For a small steam line break disabling the RCIC
concurrent with a single failure of the HPCS and HPCI
that would require ADS function to depressurize the
reactor vessel. Consider the air supply needs for long-
term cooling (e.g., how would reactor vessel inventory
be maintained when decay heat repressurizes the vessel
above the shutoff head of the low pressure cooling
system?)

RESPONSE:

The pneumatic supply to operate the ADS valves is described in
Subsection 9.3.1.5, The ADS system itself is described in
Sections 5.2 and 7.3.

The ECCS performance evaluation, which includes the ADS, is
presented in Subsection 6.3.3. Table 6.3.5 identifies core
cooling modes that are utilized following completion of ADS
operation. For example, if failure of the HPCI is assumed, the
reactor pressure vessel is depressurized by the ADS to a
pressure suitable for use of the Core Spray Systems or any of
the available LPCI Systems.

The normal source of air for actuation of the SRV's is the
Containment Instrument Gas System. Although the majority of
the system is designed and constructed in accordance with
quality group D specifications, all piping and components
required for proper long term operation of the ADS valves are
safety grade. Associated with each ADS valve is an accumulator
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capable of opening the valve at least once against a drywell
pressure of 45 psi; two actuations against 31.%5 psig drywell
pressure, When normal pressure or power is lost, the ADS
valves are supplied by a backup source of high pressure
nitrogen gas: the safety related nitrogen storage system
provides an adequate supply of gas for long term operation of
ADS. The nitrogen bottles have a 3 day storage capacity based
on the system design leakage rate. After 3 days, the storage
bottles can be recharged indefinitely since the charging
connections for the bottles are located in areas of the plant
that are accessible under post-accident conditions.

To achieve vessel depressurization by manual actuation of
relief valves, three valves would need tc be actuated to pass
sufficient steam flow to depressurize the vessel. Three to
five valves would be necessary to pass sufficient water to keep
the vessel depressurized as necessary. Thus a maximum of five
ADS valves are required to perform the shutdown cooling
function.

In the event that ADS valves are employed assuming either
failure of the normal RHR shutdown cooling function (condition
1) or the small LOCA‘s (conditions 2 and 3) inquired of, the
safety grade pneumatic supply ...accumulator/high pressure
nitrogen... assures that the valves will open on demand and
remain open continuously during the postulated post-accident
period.

‘While the ADS valves remain open, the reactor vessel will not
repressure and all low pressure ECCS pumps will be able to
maintain cooling flow to the vessel.
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UES N 211.68

The analyses presented to show conformance to the ASME Boiler
and Pressure Vessel Code for overpressure protection references
NEDO-10802 as the analytical model for plant transient
evaluation. General Electric has submitted to the staff an
updated analytical model (ODYN) to evaluate plant transients.
Reanalyze the overpressure sizing transient using the ODYN code
unless assurance can be provided that the NEDO-10802 analysis
is bounding with regard to predicting peak pressure. The
analysis must include the effects of the high pressure
recirculation pump trip (RPT) and the turbine Bstop
valve/control valve closure recirculation pump trip where
applicable. Provide analysis to justify that the closure of
all main steam isolation valves {(MSIV} is the most severe
overpressure transient when considering the new code, the
second safety-grade scram and the effects of RPT.

ESP

The ODYN/REDY (NEDO-10802) comparisons performed have supported
the conservatism of the REDY analysis for this category of
events. Additionally, the ODYN code has not been shown to
result in any modification of the relative severity of the
pressurization events such that the MSIV closure with flux
scram is expected to remain the limiting event.

Consideration of the high pressure trlp of the recirculation
pumps has been considered on a generic basis prev1ously This
is covered in the response to Question 211.4.

Additional discussion of the analytical basis for ovefpressure

protection analyses is provided in the response to Question
211.4,
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QUESTION 211.69

Sensitivity studies showing the effect of initial operating
pressure on the peak transient pressure attained during a
limiting overpressure event have not been provided. Therefore,
either:

(1) provide a sensitivity study which shows that increasing
the initial operating pressure (up to the maximum
permitted by the high pressure trip set point) will have
negligible effect on the peak transient pressure, or

(2) propose a technical specification which will assure that

the reactor operating pressure will not exceed the
initial pressure assumed in the overpressure analysis.

RESPONSE :
The response to this question part (1) has been provided

earlier as part of the response to Question 211.4;
specifically, Paragraph 1 of the response and Figure 211.4-1.
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TION 1.70

The performance of essentially all types of safety/relief
valves has been less than expected for a safety component.
Because of reportable events involving malfunctions of these
valves on operating BWRs, the staff is of opinion that
significantly better safety/relief valve performance should be
required of new plants. Provide a detailed description of
improvements between your plant and presently operating plants
in the areas listed below. 1In addition, explain why the noted
differences will provide the required performance improvement.

(1) Valv nd valv t nd ign. Include
discussion of improvements in the air actuator,
especially materials used for components such as
diaphragms and seals. Discuss the safety margins and
confidence levels associated with the air accumulator
design. Discuss the capability of the operator to
detect low pressure in the accumulator(s).

(2) Specifications. What new provisions have been employed
to ensure that valve and valve actuator specifications
include design requirements for operation under expected
environmental conditions (esp. temperature, humidity,
and vibration)?

(3) Testing. Prior to installation, safety/relief valves
should be proof-tested under environmental conditions
and for time periods representative of the most severe
operating conditions to which they may be subjected.

(4) Quality Assurance. What new programs have been
instituted to assure that valves are manufactured to

specifications and will operate to specifications? For
example, what tests are performed by the applicant to
assure that the blowdown capacity is correct?

(5) Valve Qperability. Provide your surveillance program to
monitor the performance of the safety/relief valves.
Identify the information that will be obtained and how
these data will be utilized to improve the operability

of the valves. For example, how will this program
reduce the malfunctions that have occurred in operating
reactors?

(6) Valve Inspection and Overhaul. The FSAR states that one
half of the safety/relief valves will be bench checked
and visually inspected every refueling outage. However,
depending on operating cycle length, this may result in
geveral years between inspections,
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Operating experience has shown that safety/relief valve failure
may be caused by exceeding the manufacturer’'s recommended
service life for the internals of the safety/relief valve or
air actuator. At what frequency do you intend to visually
inspect and overhaul the ADS portion of the safety/relief
valve? For both safety/relief and ADS modes, what provisions
exist to ensure that valve inspection and overhaul are in
accordance with the manufacturer’s recommendations and that the
design service life is not exceeded for any component of the
safety/relief valve?

RESPONSE :

(1) See attached Table 211.70-1 for SRV Improvements as
: compared to present operating plants.

With regard to the air accumulators as a design
requirement for overpressure protection, each safety
relief valve has a relief accumulator that is sized to
allow one actuation against normal drywell pressure with
reactor pressure at 1000 psig, should the air supply to
the valve fail. The ADS valves each have a separate
accumulator that is sized to allow one actuation against
maximum drywell pressure with the reactor at 0 psig,
should the ADS air supply fail.

All pneumatic lines supplying the air to the relief and
ADS accumulators should have a check valve to prevent
leakage of the air out of the accumulator in the event
of a pneumatic supply failure.

There is no GE specified instrumentation to allow the
operator to detect low pressure in the accumulators.

(2) The GE Safety Relief Valve Equipment Specification(s)
identifies and includes all the design requirements
necessary for operation of the valve and valve actuator
assembly in its expected normal and postulated abnormal
environments. Verification of the design for safety
relief valve acceptability is and has been demonstrated
by life cycle testing, environmental testing in
accordance with IEEE 323-1971, and seismic testing in
accordance with IEEE 344-1975.

(3) The design of the safety relief valve has successfully
demonstrated compliance with performance requirements
when subjected to the following qualification test
programs:
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(a) Life Cycle Tegt(s)

This test program consist of subjecting production
tested safety relief valve assembly of the design
to be used to 300 relief (power) and safety
(pressure) actuations in order to demonstrate
acceptability of the valve design to meet (1) set
pressure, (2) opening and closing response times,
(3) blowdown, (4) seat tightness, (5) flow rated
capacity 1lift (ASME) during each actuation, (6)
reclosure (after each actuation) without
demonstrating a tendency to stick open, chatter or
disc oscillation, and emergency operability
requirements. Conditions such as environmental
temperature, pressure ramp rates, pneumatic
operating pressure, solenoid voltage and
backpressure were varied, consistent with test
facility capabilities, to assure valve operability
under the limits of the normal expected conditions
to which the safety relief valve may be subjected.
This test program establishes the qualified
service life of the safety relief valve.

{b) vi men t

This test program consist of subjecting a
production tested pneumatic actuator assembly
(includes air cylinder with electrically operated
solenoid valve assemblies) unit of the design to
be used on the safety relief valve to the
environmental influences of radiation, thermal
aging, mechanical aging, negative pressure and the
postulated LOCA steam environment in order to
demonstrate acceptability of the actuator design
to meet operability requirements. The test
program is in accordance with IEEE 323-1971
requirements and establishes the qualified service
life of the actuator assembly.

(¢} Seismic Test(s)

This test program consist of subjecting a safety
relief assembly of the design to be used to
seismic tests in accordance with IEEE 344-1975 to
demonstrate acceptable functionality and
structural integrity of the design when static
moments are applied to the inlet and outlet
flanges and dynamic and seismic OBE and SSE loads
are imposed separately and combined.
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(4) The GE safety relief valve specification incorporates
all of the required performance, structural, interface,
test, and regulatory guide reguirements specified for
the plant.

To assure that safety relief valves are manufactured and
will perform to the requirements specified by the GE
safety relief valve specification, the following types
of actions are taken with the valve supplier:

(a)

(b)

(c)

(d)

{e)

(£)

Valve supplier is evaluated for capability in
complying with specification requirements.

A qualified design is established that
demonstrates compliance with specification
requirements,

The details and manufacturing process of the
qualified design is frozen.

Each safety relief valve assembly is manufactured
to the approved design freeze 1list and
manufacturing procedures.

Each safety relief valve and actuator assembly is
production tested to GE approved procedures to
assure a high degree of confidence that the
delivered equipment will perform as required.

Quality Assurance inspection points are instituted
throughout the process along with both general and
random GE surveillance and periodic audits.

For example, to verify that the SRV flow capacity is correct,
the following is verified or performed:

(a)
(b)
(c)

Design is ASME certified for flow capacity.
Nozzle bore diameter is dimensionally inspected.
Each valve is checked tc assure that it opens to

flow capacity lift position by use of an LVDT and
O-Graph readout,

Details for the surveillance and testing of safety relief
valves are included in Section 3/4.4.2 of the Technical
Specification and in the pump and valve in-service inspection

program.
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COMPARISON OF SRV IMPROVEMENTS

TABLE 211.70-1

DESCRIPTION

OTHER PLANT(S)

1

Valve Manufacturer

Target Rock Corporation

Croshy Valve & Gage Co.

SUSQUEHANNA SES I

REMARKS

10 inch outlet

Valve Type Reverse Seated, Pitot Direct Acting, Spring Loaded, See Figures 211.70-1 and 2 for cross-section
Operated, Dual Function Dual Function views.

Valve Model/Style 67F HV-65-BP

Valve Size 6 inch infet 6 inch inlet

10 inch outlet

Performance Anomalies

Excessive pilot leakage
resulting in plant blowdown,

No pilot used

Steam leakage past the Crosby type SRV nozzle
and disc interface does not result in inadvertent
SRV opening to cause a ptant blowdown. SRV
opening will result due to a system pressure
exceeding SRV spring set or if the actuator
cylinder is actuated.

Air operator diaphragm failure
due to use of inadequate
diaphragm design and incorrect
lubrication.

No diaphragms used

The Crosby type of SRV utilizes a standard type
(direct acting) pneumatic cylinder which contains
proven static and dynamic seals which have
been properly lubriceted. The design and
materials used has been successfully subjected
to life cycle and environmentat tests.
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COMPARISON OF SRV IMPROVEMENTS

TABLE 211.70-1

DESCRIPTION

OTHER PLANT(S)

SUSQUEHANNA SES

REMARKS

Valve Manufacturer

Target Rock Corporation

Crosby Valve & Gage Co.

10 inch outlet

10 inch outlet

Valve Type Reverse Seated, Pilot Direct Acting, Spring Loaded, See Figures 211.70-1 and 2 for cross-section
Operated, Dual Function Dual Function views,

Valve Model/Style 67F HV-65-BP

Valve Size 6 inch inlet 6 inch inlet

Performance Anomalies

Excessive pilot leakage
resulting in plant biowdown.

No pilot used

Steam leakage past the Crosby type SRV nozzle
and disc interface does not result in inadvertent
SRV opening to cause a plant blowdown. SRV
opening will result due to a system pressure
exceeding SRV spring set or if the actuator
cylinder is actuated.

Air operator diaphragm failure
due to use of inadequate
diaphragm design and incorrect
lubrication.

No diaphragms used

The Crosby type of SRV utilizes a standard type
(direct acting) pneumatic cylinder which contains
proven static and dynamic seals which have
been properly lubricated. The design and
materials used has been successfully subjected
to life cycle and environmental tests.

Rev. 46, 06/93
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QUESTION 211.71

The response to Question 211.4 is insufficient to allow an
adequate evaluation.

Provide all system and core parameter initial values assumed in
the overpressure analyses. Include their nominal operating
range with uncertainties and technical specification limits.

RESPONSE :

The initial values of system and core parameters assumed in the
overpressure analysis are listed in Subsection 5.2.2.2.2.1.
They are:

Analysis Nominal
_Valye _Value
(a) Operating Power
- MWT 3439% 3293
- % NBR 104.4 100.0
(b) Steam Flow
- 10%1b/hr 14.153 13.479
- $ NBR 105.0 100.0
{c) Dome Pressure
- psig 1020 1005

The operating power and steam flow are limited by the operating
license to their nominal values. The technical specification on
the operating dome pressure is provided in Chapter 16.
However, the effect of different operating dome pressures on
the overpressure protection is shown in the response to
question 211.4 which concludes that the assumption of the
operating dome pressure leads to conservative analysis.
Therefore, the overall assumptions of initial system and core
conditions are conservative.
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TION 211.7

Does your design incorporate a fast scram system? Correct the
time scale on figure 15.0-2.

E NS
A fast scram system is not incorporated in the design. The

time scale on Figure 15.0-2 should be revised as shown on
revised Figure 15.0-2.

Rev. 46, 06/93 211.72-1
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QUESTION 211.73
Identify the safety/relief valve manufacturer.
RESPONSE :

The safety/relief valve manufacturer for the valves used on the
Susquehanna SES plant is Crosby Valve Company.
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QUESTION 211 .74

Provide the calculations to support your relief valve discharge
coefficients and flow capacities.

RESPONGSE :

The requested information is provided in the following letter
and enclosure.

Rev. 46, 06/93 211.74-1
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UESTION 1.75

Page 5.2-6 states that the spring safety mode in the analysis
is assumed to be 1177 to 1217 psig; Table 5.2-2 states 1146 to
1205 psig for spring set pressure. Explain the differences and
how these values are used in the overpressure analysis. Define
the transient analysis specification of valve groups and how
they are used in the analysis.

RESPONSE :

The following specification of valve groups and spring safety
mode setpoints, as indicated in Subsection 5.2.2.2.2.4 were
used in the overpressure analysis.

a. valve groups - spring-action safety mode - 5 groups

b. pressure set point ( maximum safety limit)
spring-action safety mode -1177 - 1217 psig

"The set points are assumed at a conservatively high level
above the nominal set points. This is to account for initial
set point errors and any instrument set point drift that might
occur during operation. Typically the assumed set points in
the analysis are 1 to 2% above the actual nominal set points."

The values shown in Table 5.2.2 represent nominal set points,
The S/RV capacity in the safety mode used in the overpressure
analysis is shown in Figure 5.2-12 as a function of steam line

pressure.
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QUESTION 211.76

Provide the power-operated pressure relief set points and
capacities used in the transient analyses of Chapter 15.

RESPONSE :

The power-operated pressure relief sget pointse used in the
analysis of Chapter 15 are 1091, 1101, 1111, 1121, and 1131
psig, respectively, for the five groups of valves, as indicated
in Table 15.0-2 of the FSAR. The total capacity of the valves
at the first relief set point of 1091 psig is 99% NBR steam
flow.
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Question Rev. 51

QUESTION 211.77

Confirm that adequate NPSH will exist if operator action is not initiated prior o 20 minutes after
a LOCA. Provide your detaited NPSH calculation to demonstrate conformance to Regulatory
Guide 1.1 for the ECCS pumps. Provide on Figures 6.3-3 and 6.3-6 the information on pages
6.3-7 and 6.3-14. Provide a discussion of the significance of Figure 6.3-7 with regard to NPSH
margin.

RESPONSE:

For response see new Figures 6.3-3a and 6.6-€a, new Subsection 6.3.2.2.3.1, revised
Subsections 6.3.2.2.4.1 and 6.3.2.2.4, and Dwg. M1-G33-1, Sh. 1 and M1-G33-1, Sh. 2.

FSAR Rev. 58 211.77-1
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QUESTION 211.78

Discuss the consequences of not performing operator actions
until 20 minutes after a LOCA. Discuss all actions that are
required by the operator to place the plant in the long-term
cooling mode subsequent to a LOCA.

RESPONSE:

The only LOCA requiring operator action is a break outside the
containment in a 1line directly connected to the reactor
pressure vessel, The outside steam line break is
representative of this class of breaks. The response to
Question 211.90 addresses this subject in more detail.

Actions that are required by the operator to place the plant in
long-term cooling mode subsequent to a LOCA are discussed in
Subsection 6.2.2.2. Refer to this subsection for further
discussion.

Rev. 46, 06/93 211.78-1
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QUESTION 211.79

Item 5 on page 6.3-2 is not clear. 1Identify the ECCS line
break as well as the single failure assumed to yield the
available operating ECCS eguipment shown.

RESPONSE :

The last paragraph of Item 5 indicates the ECCS line break to
yield the available operating equipment shown.

The assumed failure for condition c¢ is also indicated.

Rev. 46, 06/93 211.79-1
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QUESTION 211,80

Page 6.3-9 of your SAR states that the HPCI is automatically
shutdown on RPV high water level signal. What provisions are
incorporated in the design to prevent premature termination of
the HPCI flow. Are any interlocks provided, such as a LOCA
signal, that prevent automatic shutoff?

RESPONSE:

Only the turbine is tripped when HPCI is automatically shut
down on an RPV high water level signal. The steam supply line
isolation valves are not closed in the turbine trip mode, and
the turbine trip initiating signal is not sealed in.
Consequently, the turbine trip solenoid will remain energized
only so long as the trip-initiating condition lasts, Cycling
of the HPCI system will occur when the turbine is tripped by
high vessel water level and a high drywell pressure signal is
present.

Rev. 46, 06/93 211.80-1
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QUESTION 211,81

When the water level in the condensate storage tanks (CST)
drops to a predetermined level, the HPCI pump switches
automatically to the suppression pool. Provide assurance that
adequate NPSH exist up to switchover. 1In addition, show that
the minimum suction piping submergence in the CST will preclude
undesirable vortex formation. Describe preoperational testing
that will be performed to demonstrate that such vortex
formation will not occur.

E NSE:

See revised Subsection 6.3.2.2.1, and new Subsections
6.3.2.2.1.1 and 6.3.2.2.1.2.
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211.82

Figure 6.3-6 shows a core spray head flow curve as used in the
LOCA analysis.

Credit for core spray heat transfer is not used until rated
core spray is achieved (approximately 75 seconds for DBA), even
though flow begins to enter the core at approximately 50
seconds. Is this flow included in the inventory calculation
for reflood time? How are CCFL effects considered in the
calculation in this earlier time frame?

RESPONSE :

Core spray flow is included in the inventory calculation for
reflood time from the time of core spray initiation even though
core spray heat transfer credit is conservatively not used
until rated core spray is achieved.

CCFL effects are accounted for from the time of core spray
initiation and uncovery of the top of the fuel bundles. The
CCFL calculation is the same before and after rated core spray
is achieved. A more complete description of the modeling of
the CCFL effects is contained in NEDO-20566, "General Electric
Company Analytical Model for Loss of Coolant Analysis in
Accordance with 10CFR50 Appendix K."

Rev. 46, 06/93 211.82-1



SSES-FSAR

Question Rev. 51

QUESTION 211.83

Provide the Figure 6.3-8c¢ that is discussed in Section 6.3.2.2.4 (page 6.3-15).

RESPONSE:

Subsection 6.3.2.2.4 has been revised to delete the incorrect reference to Figure 6.3-8c. The
process diagram consists of: Dwgs. M1-E11-3, Sh. 1 and M1-E11-3, Sh. 2.

FSAR Rev. 58 214.83-1
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STION 211.84

A recent CE report, "DC Power Scurce Failure for BWR 3 and BWR
4," dated 11/1/78, provides a generic response to staff
concerns relative to loss of DC power sources on peak cladding
temperature (PCT). For smaller break sizes, this failure
yields higher PCT’'s than failure of HPCI. Provide assurance
that this failure has been properly taken into account in your
single failure analysis. 1In this regard, Table 6.3-5 should be
clarified. For example, a loss of a diesel generator would
cause a loss of a core spray pump plus an LPCI pump. Also, it
is not clear what is being presented in the column headed,
"Effect on Safety Function." 1Is Table 6.3-5 intended to agree
with Table 6.2-7? 1Is break location considered? Define the
asterisk used on DC power failure.

RESPONSE :

The PCT versus break size curves (Figures 2 and 6 in the report
of 11/1/78) bound the effects of any DC power source failure
for Susquehanna.

Table 6€.3-5 was revised and c¢larified in Rev. 4 to the FSAR.
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QUESTION 211.85

Provide assurance that adequate NPSH exists for an ECCS passive
failure in a water-tight pump room. Address the possibility of
vortex formation at the suction of the remaining ECCS pumps
with the lowered pool level. Discuss preoperational tests to
be performed to demonstrate that there is not impairment of
ECCS function due to lowered suppression pool level.

RESPONSE:

See Subsection 6.3.6 for discussion of NPSH availability with
ECCS passive failure and of vortex formation in the suppression
pool.

Testing for pump operation at minimum NPSH margin ie provided
by preoperational tests.
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QUESTION 211,86

Confirm that the LPCI system does not perform any other
function, such as containment cooling, during the short term
portion of the LOCA recovery? If so, this feature must be

taken into account in your LOCA analyses. See Question
211.105.

RESPONSE:

The LPCI mode of the RHR system is initiated by the LOCA
signal. The LPCI mode will continue until the operator

determines that another mode of operation is needed (such as
containment cooling) and takes action to initiate another mode.
No operator actions are needed during the short-term portion of
the LOCA recovery. (See also Subsection 6.3.2.8).

Rev. 46, 06/93 211.86-1



SSES-FSAR

Question Rev. 51

QUESTION 211.87

The discussion of the LPCI system is not complete. Discuss the status of valves {open or
closed) in the LPCI system and the recirculation system during the LOCA. Provide the initiation
signals, interlocks, and time delays associated with each valve movement during the LOCA.

RESPONSE:

The RHR system vaive positions in LPCI mode are indicated in Dwg. M1-E11-3, Sh 1, Table 1.
Dwg. M-151, Sh. 1, M-151, Sh. 2, M-151, Sh 3 and M-151, Sh. 4 indicate RHR valve positions
in standby mode, i.e., during normal power operation. A comparison indicates that valve F015
is the only motor-operated valve which changes position from standby made to LPC! mode.
The LPCI mode initiation signal and interlocks for valve F015 are indicated in Dwg. M1-E11-5,
Sh. 1, M1-E11-5, Sh. 2, M1-E11-5, Sh. 3, M1-E11-5 Sh. 4 and M1-E11-5, 8h. 5.

Both recirculation system discharge valves and discharge bypass valves are signalled to close
given both an LPCl initiation signal and reactor pressure reduction to 240 psia. The valves
stroke closed in 30 seconds. The signal to close is independent of other initiation signals such
as core spray or LPCl injection valve opening.
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UESTION 211.88

Provide the assumed values that comprise the total break area
for the steam line break; feedwater line break; and core
injection spray line break.

RESPONSE :

The maximum steam line break inside the containment is based on
the safe end area (3.05 ft?); the maximum outside steam line
break area (3.75 ft?) is based on the flow limiter area for
each steam line (0.94 ft?).

The feedwater line break area (0.36 ft?) is based on the inside
area of the feedwater sparger pipe (0.18 ft?).

The maximum core spray line break area is based on the limiting
area of the core spray line safe end (0.52 ft?).
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UESTION 211.89

Correct Figure 6.3-64 or discuss why the initial PCT for the
core spray line break is 1700°F.

RESPONSE :
The correct PCT figure for the core spray line break

(redesignated Figure 6.3-58) was provided in Rev. 4 to the
FSAR.
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UESTION 211.90

What are the differences between steam line breaks inside and
outside containment with regard to break area? The analyses
suggest that core uncovery could occur if no operator action
took place before 20 minutes. Provide the effect on peak clad
temperature of no action prior to 20 minutes and discuss all
assumptions.

RESPONSE :

See response to Question 211.88 for differences in steam line
break area inside and outside the containment.

See response to Question 211.9 (Rev. 1 8/78 to the FSAR) for
General Electric's position with respect to the 20 minute
operator action assumption. The conclusion that the peak
cladding temperature will be < 1500°F for the Susquehanna OSLB
is valid, assuming operation action at 20 minutes, and is not
inconsistent with limited core uncovery proceeding the operator
action.
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QUESTION 211.91

Section 6.3.3.4 (page 6.3-23) states that operator action is
not required during the short term cooling mode following a
LOCA. Since the short term mode may extend past ten minutes
for smaller breaks, discuss in detail what operator actions are
required in view of what is stated in Section 6.3.2.8 (page
6.3-19) regarding throttling requirements. In your discussion
include the instrumentation that the operator has available,
what actions he must perform, and the instructions available to
the operator in the emergency procedures. Also include a plot
of NPSH margin versus time for the worst case break.

RESPONSE :

Subsection 6.3.2.8 covers a DBA response and there the short
term cooling mode encompasses the period required to recover
vessel water level. The HPCI system is designed to inject
water into the reactor vessel for small breaks which do not
depressurize the vessel.

If a small break occurs and the HPCI system does not function,
the automatic depressurization system (ADS) will cause vessel
blowdown and the low pressure systems will then act to restore
vessel water level, In either case, no operator action is
required to restore reactor water level,

Satisfactory long-term response requires that the core remain
covered and that the core decay heat be transferred to a heat
sink.

Operation action is required to establish the long-term cooling
function as follows:

ase 1

If automatic blowdown has occurred, considerable energy will
have been released to the suppression pool.  The energy
released to the pool will cause a pool temperature rise,
Subsequent to the accident, fission product decay heat will
result in a continuing energy dump to the pool. Unless this
energy is removed from the primary containment system, the
suppression pool and primary containment will attain
unacceptably high temperature and pressure. Therefore, planned
operator actions will be initiated to maintain adegquate
suppression pool water temperature.

Rev. 46, 06/93 211.91-1
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e X ions r I

Realign the RHR system to change from the low-pressure coolant
injection mode to the suppression pool cooling mode,

1. Switch closed the LPCI injection valve E11-F017.

2. Switch open the pool return valves E11-F028 and F024 in
chosen loop, and regulate flow to 10,000 gpm for one
pump or 15,000 gpm for two pump in one loop.

3. Switch the RHR service water pumps (if not already
running) to start position.

4, Switch closed the RHR heat exchanger bypass valve E12-
F048 in the chosen loop.

Manual control switches (for valves E11-F017, E11-F024, E1l1l-
F028 and E11-F048 and service water pump) and RHR and service
water flow indications should be accessible to the operator to
accomplish the foregoing manual actions. All of the foregoing
control switches and indicators are located on H12-P601 panel.
Operator proximity to H12-P601 panel is required to perform the
above manual action.

Throttle valve E21-F005 in each operating core spray loop to
obtain a maximum flowrate of 6350 gpm for long-term cooling.
Manual control switches for valves E21-F005 A & B are located
on control room panel H12-P601, as are flow indicators for both
core spray loops.

The preceding paragraphs present a means for the operator to
maintain the core covered and cool the containment.

ase II
If automatic blow has not occurred.
rator Acti se

Due to the fact that HPCI or feedwater have recovered vessel
water level, the operator can trip the automatic
depressurization system or blow the vessel pressure down by
actuating less than the entire complement of ADS valves. High
drywell pressure would have initiated all ECSS equipment as it
did in Case I, and these systems maintain vessel water level as
vessel pressure decreases and HPCI and feedwater are isolated.
Controls for the ADS valves are located on control Room panel
H12-P601.
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From the point, the operator actions are the same as in Case I.
The preceding writeup has been prepared on the basis that all
standard accident assumptions are valid, i.e., the loss of
normal power sources and a eingle failure has occurred.

NPSH available and NPSH required for the worst case break at
any time are discussed in the following subsections:

System ESAR Subsection
cs 6.3.2.2.3.1
LPCI 6.3.2.2.4.1
HPCI 6.3.2.2.1.1
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QUESTION 211.92

The SSES design uses a swing bus arrangement. In accordance
with the staff policy discussed in NUREG-0138, provide an ECCS
calculation for the suction line break assuming no LPCI
injection.

ES SE:
Due to the improved swing bus design used for Susguehanna, it
is inappropriate to assume the complete loss of LPCI. The

response to Question 040.23 confirms that the LOCA analysis
presented in Subsection 6.3.3 is acceptable.
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QUESTION 211.93

Identify all ECCS valves that may be potentially submerged or
subject to spray impingement following a LOCA. Discuss
environmental qualification of these valves for these
conditions.

RESPONSE :
See revised Subsection 6.3.1.1.4 and additional Table 6.3-10

for a listing of all safety-related valves subject to spray
impingement or submergence.
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QUESTION 211,94

The references provided for the ECCS analysis must include
references for the latest model changes and corrections.

RESPONSE :

Three (3) additional reference are required for the latest
model changes. See revised Subsections 6.3.6 and 6.3.3.7.1.
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UES N 211.8

Demonstrate that HPCI failure from 1.0 ft? to the DBA is not
more limiting than the LPCI D/G failure.

RESPONSE :

For large breaks (1.0 ft? to the DBA) the HPCI is not as
effective at supplying coolant to the vessel as the 1low
pressure ECC systems because the rapid depressurization of the
vessel limits the amount of time the HPCI operates. Because of
this the HPCI is less limiting for large breaks than the
failure of a low pressure ECC system.

The HPCI pump is powered by a turbine drawing steam from the
reactor pressure vessel and operates only while the vessel
pressure is above 165 psia. The rapid depressurization
characteristic of 1large breaks gquickly brings the vessel
pressure below this minimum operating pressure and the HPCI
system stops injecting coolant into the vessel. For the large
recirculation discharge break the HPCI operates for about 30
seconds for the DBA and about 60 peconds for the 1.0 ft? break
during the blowdown phase of the event. Also the effectiveness
of the HPCI is limited for large breaks because the rated flow
of the HPCI. system is only about one half of one of the low
pressure ECC systems. Therefore, the effect of the HPCI system
on large break LOCA analysis is minimal. The low pressure
systems are more effective in reflooding the core for large
breaks, therefore the limiting single active failure for large
breaks is the failure that disables the greatest number of low
pressure systems. For Susquehanna, this is the LPCI injection
valve failure, which combined with the recirculation discharge
break, disables both LPCI loops. The ECC systems that remain
operational are the HPCI system, the two LPCS systems, and the
ADS.

Given the failure of the HPCI combined with the recirculation
discharge break the LOCA analysis would take credit for the two
LPCS systems, the two LPCI systems, and the ADS. This failure
is clearly less limiting for large breaks.
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QUESTION 211.96

There have been damaging water hammer occurrences in the
turbine supply or exhaust lines of HPCI systems that were
attributed to steam driven slugs of water. Contributing causes
included a) water drawn into the exhaust 1line from the
suppression pool, b) inadequate draining of the steam supply
line, and c) trapping of water slugs upstream of the supply
line isolation valves during maintenance. Also, check valves
in the turbine exhaust lines of the HPCI system which serve a
containment isolation function have been damaged as the result
of intermittent closures which arise from flow oscillations in
the exhaust line associated with formation and collapse of
steam bubbles in the suppression pool. One type of corrective
action involved the use of a sparger to reduce the
oscillations., What design features are used at Susquehanna to
prevent these types of damage?

RESPONSE :

In addition to the condensing sparger, a vacuum breaker system
is installed to reduce pressure oscillations.

A vacuum breaker system is installed close to the HPCI turbine
exhaust line wetwell penetration to avoid siphoning water from
the suppression pool into the exhaust line, as steam in the
line condenses during and after turbine operation. The vacuum
breaker line runs from the wetwell air volume to the HPCI
exhaust line through two normally open motor-operated gate
valves and two swing check valves arranged to allow air flow
into the exhaust line, and preclude steam flow to the wetwell
air volume,

During turbine operation, condensate buildup in the turbine
exhaust line is minimized by the installation of a drain pot in
a low point of the line near the turbine exhaust connection.
The condensate collected in the drain pot drains to the
barometric condenser through a restricting orifice.
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QUESTION 211.87

Check valves in the discharge side of the HPCI, LPCI/RHR, LPCS
systems perform an isolation function in that they protect low
pressure systems from full reactor pressure. The staff will
require that these check valves be classified ASME IWV-2000
Category AC, with the leak testing for this class of valve
being performed to code specifications. It should be noted
that a testing program which simply draws a suction on the low
pressure side of the outermost check wvalves will not be
acceptable. This only verifies that one of the series check
valves is fulfilling an isoclation function. The necessary
testing frequency will be that specified in the ASME Code,
except in cases where only one or two check valves separate
high to low pressure systems. In these cases, leak testing
will be performed at each refueling after the valves have been
exercised.

Identify all ECCS check valves which should be classified
Category AC as per the position discussed above. Verify that
you will meet the reguired leak testing schedule, and that you
have the necessary test lines to leak test each valve.

Provide the leak detection criteria that will be proposed for
the Technical Specification.

ESPONSE :

The response to question 110.47 will provide the complete in
service inspection pump and valve program submittal, all
information concerning the program will be included in that
submittal.
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UES N 1
What provisions are made to protect level instrumentation for
the condensate storage tank and the lines from this tank
leading to the HPCI systems from the effects of cold weather.

ESPONSE:

For response see Subsection 6.3.2.2.1.
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QUESTION 211.99

Some relief valve discharge lines on ECCS penetrate primary
containment and have outlets below the surface of the
suppression pool. Since these lines form part of the primary
containment, the concern is that excessive dynamic 1loads
resulting from water hammer during relief valve actuation may
cause 1line cracking or rupture. Identify these 1lines
penetrating containment and provide information concerning
measures taken to prevent line damage.

ESPONSE :

See revised Subsection 6.3.2.6.
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QUESTION 211,100

The ECCS contains manual as well as motor-operated valves.
Congideration must be given to the possibility that manual
valves might be left in the wrong position and remain
undetected when an accident occurs. Provide a list of location
and type of all manually operated valves in the safety systems
and discussion of the methods used for each valve to minimize
the possibility of such an occurrence. The staff will require
remote indication in the control room for all critical ECCS
valves (manual or motor-operated).

RESPONSE :

A discussion of the methods used to minimize the possibility
that manual valves in the ECCS might be left in the wrong
position is given in revised Subsection 6.3.2.9. Table 6.3-9
provides a listing of each manually-operated valve in the ECCS.
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QUESTION 211.103]

Recent operating experience identified a potential common mode
flooding of ECCS equipment rooms. The problem involved the
equipment drain lines (see 1E Circular No. 78-06, May 25,
1978). Verify that the specific design for floor and equipment
drains are such that flooding in any one room or location will
not result in flooding of redundant ECCS equipment in other
rooms. If isolation valves or limit switches are used to
prevent common flooding, identify these valves and switches and
discuss provisions to be included in the Technical
Specifications to assure adequate surveillance.

RESPONSE:

See response to Question 211.10 for a detailed discussion of
specific design for the floor and equipment drains, including
isolation washers and instrumentation used to prevent common
flooding of ECCS equipment rooms. The measures described will
be assured by the use of administrative controls. No Technical
Specification provisions are contemplated.
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QUESTION 211.102

The discussion in Section 6.3.2.2.5 of the fill system used to
prevent water hammer due to empty discharge lines in the RHR
and ECC systems is inadequate. Since there have been about
fifteen damaging water hammer events resulting from empty
discharge lines of core spray and RHR systems, the adequacy of
fill systems, including instrumentation and alarms is a matter
of concern. Please respond to the following:

(1)

(2)

(3)

(4)

(5)

(6)

Provide a detailed description of the fill system
including instrumentation and alarms with appropriate
references to a P&ID.

Level transmitters apparently are not used to detect
trapped air bubbles upstream of injection valves.
Pressure read downstream of a pump discharge check valve
that is greater than the gravity head corresponding to
the highest point in the system does not necessarily
indicate the absence of trapped air pockets? What
provisions are made to avoid trapping of air pockets?
In the discussion include consideration of leaking
valves in bypass test lines.

If maintenance is required on a particular loop (e.g.,
in RHRs) requires draining, how does the fill system
protect the other loop and systems (e.g., CS)?

What surveillance testing will be required to
demonstrate that the fill system instrumentation is
capable of performing the desired function?

How are surveillance tests made to determine if the
discharge lines for the RHR and CS systems are full as
required in the Standard Technical Specifications?
Assuming the jockey pump does not maintain full lines,
water hammer could occur during surveillance tests of
the RHR and CS pumps. If damage occurred, the event
would be reported in a LER. However, if special fill
and vent procedures were used prior to these tests,
water hammer would not occur, but the inadequacies of
the jockey pump system might not be evident. Discuss
the procedures to be used in surveillance tests
involving startup of RHR and CS pumps and the reporting
procedures to be used if special filling and venting
procedures are used and indicate partially empty lines.

RESPONSE:

For response, see revised Subsection 6.3.2.2.5.
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UES 0

During long-term cooling following a small LOCA, the operator
must control primary system  pressure to preclude
overpressurizing the pressure vessel after it has been cooled
off.

(1) Describe the instructions given the operator to perform
long-term cooling.

(2) Indicate and justify the time frame for performing the
required action.

(3) List the instrumentation and components needed to
perform this action and confirm that these componente
meet safety grade standards.

(4) Discuss the safety concerns during this period and the
design margins available.

(5) Provide temperature, pressure, and RCS inventory graphs
that would show the important features during this
period.

The above discussion should account for the following:
(1) Loss of offsite power.

(2) Operator error or single failure.

RESPONSE :

During long term cooling following a small LOCA there are no
operator actions required to control system pressure to
preclude overpressurization of the pressure vessel after it has
been cooled off. The system is always protected by relief
valves that are more than adequate to handle decay heat
generation. If the small LOCA caused reactor water level to
drop to level 3 or drywell pressurization the plant would
scram. If water level drops to level 2 then HPCI (and RCIC)
would come on automatically to re-establish water level for the
postulated LOCA and would automatically control water level
between levels 2 and 8. If the small LOCA had caused high
drywell pressure and water level dropped to level 1 then all
ECC systems would come on to re-establish water level. ADS
would automatically come on to depressurize the vessel if the
HPCI system is insufficient to maintain reactor vessel water
level.
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The ADS valves stay open once actuated until the high drywell
pressure and low reactor water level signals have cleared and
resetting is accomplished by depressing both timer reset
pushbuttons and both drywell high pressure reset pushbuttons.
The ADS valves are designed to stay open for at least 100 days
thereby precluding any significant repressurization of the
reactor vessel. If the pressure vessel were cooled off
following the hypothetical small LOCA then the ADS valves would
be open and would prevent repressurizing the pressure vessel.
Points 1 through 5 above then can be responded to in summary as
follows:

(1) No operator actions are required following a small LOCA
to preclude overpressurizing the vessel after it has
been cooled-off. Operator actions to establish long-
term cooling are discussed in Section 6.2.2,

(2) No actions are required.

{(3) No actions are regquired. Safety grade instrumentation
is described in Chapter 7.

(4) Limiting safety concerns are addressed in Sections 6.2
{Containment Barrier); 6.3 (Peak Clad Temperature
Calculations); and Chapter 15 (Radiological Releases).
The postulated event is not a limiting event for
designing to assure the health and safety of the public.

(5) System characteristice for the more severe design basis
events are shown in Sections 6.2 and 6.3.

The above discussion accounts for loss of offsite power and
operator action or single failure.
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QUESTION 211.104

The answer to 211.10 is not complete. Explain how the leakage
detection system meets the requirements of IEEE-279. Provide
the minimum time available before operator action is taken
after initiation of an alarm. Examine auxiliary system piping
in the location of ECCS equipment and address the potential
break of a non-safety grade pipe that may cause flooding.

RESPONSE:

Revisions 7 and 17 to the FSAR revised the response to Question
211.10, and fully explain the leakage detection system’s
conformance to IEEE 279.

See revised Subsections 3.6.1.1 (Flooding) and 6.3.6.
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QUESTION 211.105

Your response to 211.13 requires supplemental discussion.
Demonstrate that for all sizes of breaks in a recirculation
loop or in ECCS lines requiring ECCS actuation, the core is
covered sufficiently so that LPCI diversion to wetwell spray
after 10 minutes is acceptable and the ECCS systems continue to
satisfy the requirements of GDC 35 and 10 CFR 50.46.
Consideration should be given to the full spectrum of potential
single failure and break locations. Confirm that no operator
action affecting ECCS performance is required prior to 20
minutes after the initiation of the accident.

Discuss the effects of the following on core cooling and
provide the necessary information to show that the requirements
of GDC 35 and 10 CFR 50.46 are not violated.

(1) Justify that the system provided for diversion of LPCI
flow meets single failure criteria so that diversion
before 10 minutes need not be considered.

(2) Provide a sensitivity study showing peak clad
temperature as a function of break size for small break
LOCA’'s assuming diversion will be initiated at 10
minutes. Perform this study for ECCS and recirculation
line breaks. For the most limiting break, provide the
following figures:

(a) Water level inside the shroud as a function of
time during the LOCA

(b) Reactor vessel pressure vs. time

{c) Convective heat transfer coefficient vs. time

(d) Peak clad temperature vs. time

(e) ECCS flow rate vs. time

(3) Justify that diversion at times greater than 10 minutes
will have less severe consequences than diversion at 10
minutes (considering appropriate break size for later
diversion) .

(4) Provide a discussion which balances the need for LPCI
diversion for this limiting break size with the need
for abundant core cooling (GDC 35). For example, this
discussion could relate to the 1likelihood of LPCI
diversion for this size break.

E NSE :

The Susquehanna plant, as demonstrated in Subsection 6.2.1.1.3,
does not require automatic LPCI diversion and no system has
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been provided. Equipment, controls and instrumentation
associated with the containment spray cooling mode of the RHR
system are classified in Table 3.2-1 and are discussed in
Subsections 5.4.7 and 7.3.1.1a.1.6.

The effect on the standard LOCA analysis of diverting LPCI flow
to wetwell spray cooling was investigated in detajl for another
BWR/4 with LPCI modification, namely Shorham (see LILCO Letter
SNRC-696, Enclosure 2, Item 5, dated June 9, 1978). The
results and discussion of the Shorham analysis are directly
applicable to Susquehanna.

The results of the above analysis showed that the break
location and size most affected by LPCI diversion is the core
spray (CS) line break for which the LPCI would start injecting
into the vessel at 600 seconds (i.e., the assumed time of the
LPCI diversion). The limiting failure assumed with this break
is the failure of the DC source common to the HPCI, one CS
system and one LPCI pump. This break/failure combination was
specifically determined for Susquehanna to be an 0.026 ft.? CS
line break with a resultant calculated PCT of 1644°F with
diversion.

For breaks smaller than the above and with a diversion time of
greater than 600 seconds, calculated PCT will be lower since
core uncovery will be for a shorter time period and decay heat
at the time of uncovery will be lower. Breaks larger than the
above get some reflooding benefit from the LPCI pumps before
the assumed diversion and this results in lower PCT; later
diversion eimply increases this benefit. Consequently,
diversion at times greater than 10 minutes will have less
severe consequences than diversion at 10 minutes.

Based on the discussion and analysis in Subsection 6.2.1.1.5,
the conditions that might require some operator action, e.g.,
LPCI diversion, would result from a small primary system leak
in the drywell being simultaneously accompanied by an open
bypass path between the drywell and the suppression chamber.
The calculated break area that maximizes the containment
pressure following this very unlikely combination of events is
of the same order of magnitude as the break area of the small
break that, even with diversion, resulted in PCT well below the
Appendix K limit. This significant margin (456°F) demonstrates
that the Susquehanna design has a well-balanced capability for
contending with postulated "competing" events.

The ECCS design basis for Susquehanna assumed no operator
intervention prior tc 10 minutes after the initiation of the
LOCA (see Subsection €.3.2.8), while a complete re-analysis
assuming no operator action prior to 20 minutes has not been
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performed, it has been determined that the outside steam line
break accident (OSLB)} is representative of that class of breaks
where manual action, namely actuation of ADS, is required due
to reactor isolation. As indicated in our response to
Questions 211.9, and reconfirmed in our response to Question
211.90, for this bounding event operator action at 20 minutes
after the break results in a calculated peak cladding
temperature of < 1500°,.
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UESTION 1.10

Your response to 211.11 indicates that your ECCS pumps are
designed to operate 100 days for any one accident during the 40
year plant lifetime. Provide information that demonstrates
that your ECCS pumps will function for that time period as well
as any maintenance assumed to occur during that time period.

E NSE :

GE operating experience of Ingersoll Rand (IR) ECCS pumps is as
follows:

Hatch RHR Pump 2A - 864 hours
2B 1112 hours
2C 629 hours
2D 569 hours

LPCS Pump 2A 13.5 hours
2B 11.8 hours

Chinshan 1 RHR Pump 100 hours

Core Spray Pump 30 hours

Chinshan 2 RHR Pump 75 hours

Core Spray Pump 20 hours

Maintenance was not required or performed during the running
times listed above.

No problems have been reported on these pumps.
Based on our own 1limited operating experience and past
operating experience of similar IR pumps in non-nuclear

service, we feel confident that the Susquehanna ECCS pumps will
operate as required.
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QUESTION 211.107

Your break spectrum analysis is insufficient to allow an
adequate evaluation. To confirm that a sufficient number of
breaks have been analyzed to generate Figure 6.3-10, provide
the tabulated values of peak cladding temperature (PCT)} and
break area used. Provide small break calculations of
approximately 0.02 ft? and 1.0 ft? with an HPCI failure to
verify that these break sizes remain non-limiting (see more
complete curve in WPPSS-2 FSAR, Figure 6.3-13). Also, submit
a large break model calculation for a 1.0 ft* break with HPCI
failure to similarly verify that the worst break has been
properly identified. Provide a discussion on why the 0.68
discharge DBA yields the limiting PCT for Susquehanna. The
discussion should include transition boiling time, hot node
uncovery time, rated core spray time, and reflood time. This
discussion should also describe the trend in suction 1line
breaks (i.e., does this trend also exist for smaller than the
largest suction break area, with perhaps a smaller suction
break yielding the highest PCT) .,

RESPONSE :

Table 211.107-1 shows the values of calculated PCT and break
areas used to generate the small-break-model curves of
Figure 6.3-10.

The results of the 0.02 ft? small break calculation with an
HPCI failure are shown in Figure 6.3-10 and the back-up table.
With regard to the 1.0 ft? break, as discussed in the response
to Question 211.95, the HPCI failure is less limiting than the
failure of a low-pressure ECC system for large Dbreaks
(approximately 1.0 ft? and greater) because the HPCI system
injects coolant into the vessgel for only a short period of
time. Because the HPCI is not effective for large breaks, the
HPCI failure case need not be analyzed. The HPCS failure is
analyzed for large breaks on BWR/5's and BWR/6's because,
unlike the turbine-driven HPCI system, the motor-driven HPCS
system injects coolant into the vessel continuously and
contributes significantly to core reflooding.

The 0.68 discharge DBA yields the limiting calculated PCT for
Susquehanna due to characteristics such as (1) time of boiling
transition, (2) hot node uncovery, (3) rated core spray time,
and (4) reflooding time which is determined by the number and
combination of available ECCS systems. The time of calculated
boiling transition increases with decreasing break size since
the jet pump suction wuncovery (which 1leads to boiling
transition) is determined primarily by break size. The
calculated hot node uncovery time also increases with
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decreasing break size, as it is primarily determined by the
inventory lost through the break during the blowdown. The
later boiling transition time and uncovery time tend to make
smaller breaks less limiting because more stored energy can be
removed from the fuel during the blowdown period following the
accident. The hot note reflooding time is determined by a
number of interacting phenomenon such as depressurization rate,
countercurrent flow limiting (CCFL), vessel inventory loss, and
the combination of available ECCS.

The fewest ECC systems available for reflooding the vessel
result in the longest reflooding times.

As shown in Table 6.3-5, the recirculation discharge break
coupled with the LPCI injection valve failure results in the
fewest ECC systems available to reflood the core. As the HPCI
operates for a short period of time, only the two LPCS systems
are left for reflooding.

The CCFL effect is a significant factor for determining
reflooding time when core spray (CS) systems are utilized;
calculated LPCI reflooding effectiveness is unaffected by CCFL.

Smaller breaks result in slower depressurization rates. The
major effects of slower depressurization rate on reflooding
are:

a) Smaller inventory depletion which results in earlier
reflooding and hence a lower PCT,.
b) Later low pressure ECC injection which results in later

reflooding and later credit for core spray cooling and
hence a higher PCT. .

c) Less severe restriction of core spray downflow at the
CCFL plane (upper tie plate) due to the higher
pressure, which results in earlier reflooding and hence
a lower PCT.

d) Longer periods of steam generation by flashing from the
lower plenum, which results in more CCFL restriction
and later reflooding.

Due to the complex interactions of the above, a detailed break
search is performed to determine the break size resulting in
the longest hot node uncovered time (see Figure 6.3-70); this
time is the most significant factor in determining PCT. Other
factors, such as time of rated core spray are of secondary
importance.

As a result of this break search, the 0.68 discharge DBA was
determined to be the most limiting break size. For this break
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size the combination of effects b) and d) were more dominant
than effects a) and c¢), compared to the DBA or any other break.

The same phenomena discussed above for the discharge break are
present in the break spectrum for the suction break (see Figure
6.3-71). For the suction break, however, two LPCI pumps are
also available (see Table 6.3-5). Unhindered by the effects of
CCFL, the LPCI rapidly refloods the vessel and this results in
a shorter total uncovered time for smaller break sizes as
demonstrated in Figure 6.3-71.
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QUESTION 211,108

For BWR-4's with the LPCI modification (no loop selection
logic) the potential exists for isolating a recirculation break
with the core uncovered before the pressure has decreased
sufficiently to permit the low pressure ECCS to enter the core.
In particular, the single failure considered is an inadvertent
closure of the recirculation suction valve with a break between
the discharge and suction valves. Analyze the consequences of
this failure for the Susquehanna ECCS.

RESPONSE :

The response to Question 211.16 discusses the consequences of
this highly improbable event and demonstrates the inadvertent
closure of the recirculation suction valve as a single failure
as being less severe than the maximum Appendix K case.
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UEST 1.109
Provide the missing footnote on Table 6.3-3.

RESPONSE:

The reference to footnote (3) is no longer applicable to Table
6.3-3, and is being deleted.

See revised Table 6.3-3.
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QUESTION 2131.3110

Correct Figure 15A.6-31, "Protection Sequences Main Turbine
Trip--Without Bypass:"

(1) For the event to occur at <30% power, protection
sequences should be the same as for generator trip
without bypass as shown in Figure 15A.6-30.

{2) Delete HPCI that is connected with incident detection
circuitry.

Also, confirm that subsequent to initial core cooling the
sequence of operations to extended core cooling would be the
same as shown in Figure 15A.6-26, "Protection Sequences for
Loss of Main Condenser Vacuum."

RESPONSE :

The above corrections to Figure 15A.6-31 have been
incorporated.

The protection sequence subsequent to initial core cooling to
achieve extended core cooling would be the same as indicated on
Figure 15A.6-26.
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QUESTION 211,111

Per your response to Q211.19 regarding the analyses for
generator load rejection and turbine trip transient, explain
your statement that "... a loss of offsite power would improve
the results of the above transient since the only additional
effect would be a slow coastdown (in comparison to the RPT
function) of the recirculation pumps," particularly since the
RPT was intended to improve thermal margin.

ESPONSE :

The analysis for the response to Question 211.19 assumed, among
others, a failure of the RPT function. With loss of offsite
power, the recirculation pumps will be tripped at time 0 with
a coastdown due to loss of power to the pumps. Obviously, this
case i8 less severe than the transient shown in the response to
Question 211.192 since the RPT is intended to improve thermal

margin.
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QUESTION 211.112

Since the reclassification of the generator and turbine trip
without bypass transients has not been accepted by the staff
and is still under generic review, reanalyze the above events
for determination of the operating limit MCPR in which the
results would not violate the safety limit MCPR of 1.06. Also,
it is our position that the limiting transient be reanalyzed

with the ODYN code.

RESPONSE :

Reanalyzes of Potentially limiting pressurization transients
with the ODYN' code have been accomplished, and results
reported into Chapter 15. This includes turbine trip and
generator load rejection transients without bypass analyzed as
events of moderate frequency. None of these ODYN transients
violate the safety limit MCPR of 1.06.

! NEDO-24154, Volume 1, 2, NEDE-24154-P, Volume 3, "Qualification of the One-
Dimensional Core Transient Model for Boiling Water Reactors®, dated October 1978.
Submitted to NRC Attn.: O.D. Parr, 12/15/78, Letter from J.F. Quirk.
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QUESTION 211,113

Modify NSOA drawings to include benefits of nonsafety-grade
equipment which mitigate transients and accidents. Such
equipment includes relief valves, turbine bypass valves, and
vessel level (high) trip.

RESPONSE:

Each transient and accident discussed in Chapter 15 corresponds
to one protection seqguence of an event in Appendix 15A. The
NSOA drawings (protection sequenceg) are consistent with the
analytical bases of 15A.3 and the measures of safety
(unacceptable results) of 15A.2.7, and are primarily directed
at system level response requirements. Certain Chapter 15
events assume, following the initiating single-failure, the
normal operation of some non-safety-grade equipment functions;
these instances are identifiable from the text.
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QUESTION 211.114

During recent meeting with General Electric the staff has
discussed the use of nonsafety-grade equipment for anticipated
transient analyses. It is our understanding that one of the
more limiting events is the feedwater controller failure
(maximum flow demand). For this transient, the plant operating
equipment that have a significant role in mitigating this event
are the turbine bypass system and the reactor vessel high water
level (Level 8) trip that closes the turbine stop valves. To
assure an acceptable level of performance, it ie the staff’s
position that this equipment be identified in the plant
Technical Specifications with regard to availability, set
points, and surveillance testing. Submit your plan for
implementing this requirement along with any system
modifications that may be required to fulfill the requirements.

RESPONSE :

In discussions between GE and the NRC on November 20 and 21,
1978, GE reported on the results of transient analysis when
performed to design basie accident conditions assumptions, and
equipment availabilities, that failure to give credit to the
Level 8 Turbine Trip and the Main Turbine By-Pass system could
respectively result in CPR’‘s of 0.02 and 0.08. In no manner
could these postulated accident events result in unacceptable
impacts on the health and safety of the public as GDC criteria
#29 requires.

Level 8 Technical Specification

The Level 8 instrumentation is already subject to technical
specifications requirements associated with the HPCI. Such a
requirement can be accommodated by the present design.

Main Turbine By-Pass System Technical Specification

The turbine bypass system and stop valves Technical
Specification are provided in Chapter 16.
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QUESTION 211.115

With regard to your response to Q211.24, you state that the
limiting pump trip is assumed in analyzing decrease in reactor
coolant system flow rate transients. Identify what trip signal
{e.g., RPT on turbine control valve fast closure or stop valve
closure; reactor vessel water level L2 set point, motor branch
circuit over-current protection, etc.,) can be expected to
produce the most severe pump coastdown.

RESPONSE

The limiting pump trip is assumed in analyzing decrease in
reactor coolant system flow rate transients. The trip of the
electrical breaker at pump motor, along with minimum specified
pump inertia time constant assumed in the analysis leads to the
most limiting pump trip transient. Examples of this type of
trip are RPT on turbine stop/control valve fast closure and
water level L2 trip.
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QUESTION 211.116

It is not evident that the assumed drop of 100aF in feedwater
temperature gives a conservative result of this transient with
manual recirculation flow control. For example, a feedwater
temperature drop of about 150°F occurred at one domestic BWR
resulting from a single electrical component failure. The
electrical equipment malfunction (circuit break-trip of a motor
control center) caused a complete loss of all feedwater heating
due to total loss of extraction steam. Accordingly, either (1)
submit a sufficiently detailed failure modes and effects
analysis FMEA) to demonstrate the adequacy of a 100°F feedwater
temperature reduction relative to single electrical
malfunctions or (2) submit calculations using a limiting FW
temperature drop which c¢learly bounds current operating
experience.

Also, temperature drops of less than 100°F can occur and
involve more realistic slow changes with time. Assuming all
combinations result in slow transients with the surface heat
flux in equilibrium with the neutron flux at the occurrence of
ecram, a smaller temperature drop than 100°F that still causes
scram could result in a larger ACPR. Please evaluate this
transient and justify that the assumed values of the magnitude
and time rate of change in the feedwater temperature are
conservative.

ESPONSE :

No single electrical component failure will cause the loss of
more than one train of feedwater heaters as separate power
sources are supplied to each of the feedwater control panels.
Each feedwater heater train consists of five (5) feedwater
heaters plus a drain cooler. SSES does not have a feedwater
heater train bypass line.

The GE feedwater heater system design specification requires
that the maximum temperature decrease which can be caused by
bypassing feedwater heater(s) by a simple valve operation will
be less than or equal to 100°¢. This is the basis of the
assumed drop of 100°F in feedwater temperature in the analysis.
Loss of one (1) feedwater heater train at SSES will actually
result in significantly less than a 100°F temperature drop.

It should be pointed out that a steady state (i.e., the surface
heat flux in equilibrium with the neutron flux) is assumed in
determining the MCPR during the transient. Therefore, a
temperature loss smaller than 100°F is not expected to result
in any more severe a transient than that analyzed.
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UESTION 211.117

Closure times from partially open to fully closed position are
not addressed in the FSAR. For full-stroke closure, the
assumed closure time would appear to be conservative in terms
of the supplied information. However, for operation in the
full arc (full throttling) mode, the closure times may be
significantly less than 0.150 second for typical cases where
the control valves are only partially open. With respect to
this transient, there are two concerns. The first concern is
that minimum closure times for part-stroke may be less than
those assumed in the analysis. The second concern is that the
analysis, which is based on 105% NBR steam flow and valves wide
open initial conditions, may give a less conservative result
than an initial condition at a somewhat lower power with
control valves partially open as expected. Demonstrate that
control valve closure times smaller than 0.150 second do not
result in unacceptable increases in MCPR and reactor peak
pressure or provide either (1) justification that semaller
closure times cannot occur or (2) a minimum closure time to be
incorporated in the Technical Specifications.

ESPONSE :

The generator load rejection transient discussion in Subsection
15.2.2 is presented on a worse case basis. For this reason it
is assumed that the turbine control valves are operated in the
full arc mode rather than in the partial arc mode. In the full
arc mode the turbine control valves are all partially open.
The closure times are assumed to be a conservative .07 second.
By utilizing this closure time and the 105% NBR steam flow we
are evaluating the worst case. The transient performed in that
manner provides a bounding case analysis in which the partial
arc response will be less severe. Tables 15.2-1 and 15.2-2
have been revised to reflect the 0.07 second closure time used
in the analyses.

To establish a steam flow of 105% NBR there has to be a minimum
flow area, In order to attain smaller closure times the
control valves would have to be closed further. ' This would
reduce the steam flow, thus reducing the severity of the
transient. The 0.07 second closure time is the most
conservative closure time which still permits the maintenance
of a 105% NBR steam flow,
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QUESTION 211.118

For the loss of feedwater heating transient in the manual flow
control mode the thermal power monitor (TPM) is used to scram
the reactor. Explain the need for the TPM and provide specific
transients for which this trip signal initiates scram. Discuss
how surveillance testing of the TPM is incorporated in the
station technical specifications.

RESPONSE :
The Susguehanna SES plant does not have the thermal power
monitor, and hence, was not included in the analysis. See

Subsection 15.1.1.3.3 of the FSAR.

Rev., 46, 06/93 211.118-1



SSES-FSAR

QUESTION 211.119

For the recirc flow control failure with increasing flow
transient (Section 15.4.5) provide the initial operating MCPR
determined at 65% NB rated power and 50% core flow. In
addition, provide the K; factors as a function of core flow for
the automatic and manual flow control modes of operation.
Furthermore, provide the maximum flow control set point
calibration limit (e.g., 100% or 105% of rated flow) for the
recirc loop flow control valves used in the transient analysis.

Provide recirculation pump M-G set points for the manual flow
control mode assumed in the analysis. Also, you reference the
GE topical report NEDO-10802 as the dynamic model to simulate
this event. Since NEDO-10802 does not describe the complete
event, discuss in greater detail the overall method used to
calculate the CPR.

RESPONGSE :

The initial operating MCPR at 65% nuclear boiler rated power
{(initial core, before power uprate) and 50% core flow was 1.23,
assuming slow runout to 102.5% of rated flow.

A plot of K, factors versus core flow is shown on Figure
211.119-1. Note that the M-G set points for the manual flow
control mode are shown on the figure; because flow control is
provided by M-G sets there are no flow control valves and thus
no flow control set points.

The overall method used to calculate the ACPR for recirculation
pump runout is as follows:

1) The hot channel is set on the MCPR safety limit at the
pump runout value (e.g. 102.5%) on the 105% steam flow
power-flow line by appropriately changing the radial
power distribution.

2) Using the same power distribution, MCPR's are evaluated
all along the 105% power-flow line. These MCPR'’s
represent the limits for each particular off-rated
condition. Slow runout (i.e. steady-state analysis) is
assumed in this calculation since it is conservative
with respect to fast runout.
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QUESTION 211,120

For the recirculation pump seizure accident we note in Table
15.3-3 that credit is taken for nonsafety-grade equipment to
terminate this event. Section 15.3.3 of the Standard Review
Plan, Revision 1, requires use of only safety-grade equipment
and that the safety functions be accomplished assuming the
worst single failure of an active component.

Reevaluate this accident with the above specific criteria, and
provide the resulting CPR and percentage of fuel rods in
boiling transition.

RESPONSE :

The recirculation pump seizure event, assuming the operation of
specific non-safety grade equipment, has a mild impact in
relation to the design-basis double-ended recirculation line
break in Sections 6.3 and 15.6. Failure of such eguipment
would not make the core performance and/or radiological
consequences of this highly improbable pump seizure (rapid core
flow decrease) event more limiting than the maximum DBA-LOCA
addressed in the FSAR. Therefore, no additional evaluations
are considered necessary. The FSAR text has been revised
regarding frequency classification by deleting references to
infrequent incident classification in Subsections 15.3.3.1.2
and 15.3.4.1.2, recirculation pump seizure and recirculation
pump shaft break respectively.
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QUESTION 211.121

With a sudden increase in feedwater flow, there will be a drop
in the feedwater temperature which contributes to the
reactivity increase during the first part of the transient.
For example, the combination of feedwater temperature drop and
a smaller maximum flow rate could lead to a level 8 trip with
the surface heat flux close to the flux scram set point. 1If
the feedwater temperature at the reactor vessel has been
assumed constant, the transient should be analyzed to include
the effect of this temperature variation on MCPR. The basis
for determining the time variation in FW temperature at the
reactor vessel should be provided. Also show that a smaller
increase in feedwater flow rate in conjunction with the change
in feedwater temperature does not give a lower MCPR.

RESPONSE :

It is true that there will be a drop in the feedwater
temperature with an increase in feedwater flow. However, the
feedwater heater usually has a large time constant (in minutes,
not in seconds). 8o the feedwater temperature change is very
slow.

In addition, there is a long transport delay time before the
cold feedwater reaches the vessel. Therefore, it is expected
that the feedwater temperature change during the first part of
the feedwater controller failure (maximum demand) transient is
insignificant, and its effect on the transient: severity is
minimal so a smaller increase in feedwater flow rate does not
give a lower MCPR.
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UESTION 211.122

Figure 15.5-1 (Inadvertent startup of HPCI) is inconsistent
with the text described in Section 15.5.1.3.3. For example,
the figure shows no change in drive and core inlet flow after
20 seconds when the turbine is tripped nor are there any
changes shown for such parameters as steam line pressure rise
and bypass flow. Please correct these inconsistencies. Also,
based on the text, the sequence of events shown in Table 15.5-1
in incomplete. Finally, the assumption that the HPCI
temperature is 40°F does not appear to be conservative if the
text description of the course of this transient is correct.
A higher HPCI temperature could result in a level 8 trip of the
turbine at neutron flux just below scram set point, with a
resultant lower MCPR than that obtained using the 40°F value.
Provide a reanalysis using more conservative temperatures or
justify present results.

RESPONSE:

The text previously described in Subsection 15.5.1.3.3 was
incorrect. Contrary to the text, the APRM scram setpoint is
not reached at approximately 16 seconds, and the high level
trip setpoint 1is not reached at approximately 20 seconds
initiating turbine trip and the trip of the recirculation and
feedwater pumps. The Neutron Flux reaches a peak of only
118.2% NBR, and the water level remains considerably below the
18 setpoint. Higher temperatures are not expected to lead to
18 trip, and actually result in lower increase in heat flux.
Studies show that using 40°F temperature is conservative for
this transient.

See revised Subsection 15.5.1.3.3.

Rev. 46, 06/93 211.122-1



SSES-FSAR

ION 2 23

In the analysis of inadvertent opening of a safety/relief
valve, it is stated that a plant shutdown should be initiated
if the valve cannot be closed. How much time does the operator
have to initiate plant shutdown before exceeding Technical
Specification limits for suppression pool temperature?

RESPONSE :

The following discussion, combined with revised pages 15.1-14
and 15.1-15 and Table 15.1-5, comprise the response to the
above question.

Prior to the initiation of the postulated stuck-open
safety/relief valve event, the operator would receive an alarm
indicating an open {or leaking) valve from thermocouples in the
relief valve discharge line, and another alarm when the
suppression pool temperature rose to 95°F. At an anticipated
Technical Specification limit of 110°F, the operator will
receive a second alarm and will be required to scram the plant.
The scram is a procedural requirement based on Technical
Specification limits. The technical specification limits are
reached assuming maximum pool operating temperature, minimum
pool operating volume, and no pool cooling systems in operation
when the valve first opens, the time for the suppression pool
temperature to increase from the design basis 90°F (max.) to
the 110°F level is conservatively calculated to be more than
nine (9) minutes. Assuming inaction until 10 minutes, the
resultant pool temperature would increase by 4°F. This is well
below the upper limit pool temperature of 200°F, which is the
safety limit,
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QUESTION 211.124

The transient analysis for loss of all grid connections shows
main steam line isolation valve (MSIV) closure at 36.8 seconds,
due to loss of condenser vacuum. A concern is that the MSIV’s
may close at an earlier time in the transient and result in
higher system pressures. Apparently, credit is taken for MSIV
air accumulator operation since the normal air supply to the
MSIV's would trip at the start of this transient. Discuss
design provisions and verification testing which demonstrate
that MSIV performance is qualified to the extent assumed in the
analysis.

Related to the same potential for faster MSIV closures, is the
design such that a loss of all grid connections may result in
an isolation signal which would close the MSIV’'s? What sources
of electrical power are used for MSIV isolation logic and
isolation actuators? Would these sources of power be available
following a loss of all grid connections? Do the logic and
actuators fail safe to cause an MSIV isolation signal on loss
of electrical power?

RESPONSE :

The transient analyses of Loss of All Grid Connections and Loss
of Auxiliary Power Transformer transients have been revised.
The following discussion is based on the updated information.

During the loss of all grid connections transient, the MSIV's
start to close two seconds after loss of power, As load
rejection is initiated at time zero, MSIV closure does not
result in higher system pressures and has negligible effect on
the transient. Verification testing which demonstrates the
assumed MSIV performance is accomplished during start-up (see
Chapter 14}.

Susquehanna had no direct isolation signal due to loss of all
grids; the MSIV's do close, however, because of loss of all
electric power to the fail-safe MSIV logics and actuators.
Power sources used for MSIV logics and actuators as follows:

1) Inboard valves logic and AC Pilot Solenoid, 120 V, 60 Hz
RPS Bus "A."

2) Inboard valves DC Pilot Solenoid, 125 V, DC Bus "A."

3) Outboard valves logic and AC Pilot Solenocid, 120 V, 60
Hz RPS Bus "B."

4) Outboard valves DC Pilot Solenoid, 125 V, DC Bus "B."
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On loss of electrical power they de-energize and cause closure
of the MSIV'’s.

The isolation signal due to loss of condenser vacuum at about
28 peconds after the loss of power becomes irrelevant because
the MSIV's have closed earlier, as described above.
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T 211.12

Operation of Susquehanna with partial feedwater heating might
occur during maintenance or as a result of a decision to
operate with lower feedwater temperature near end of cycle.
Justify that this mode of operation will not result in (1)
greater maximum reactor vessel pressures than those obtained
with the assumption used in Section 5.2.2, or (2) a more
limiting AMCPR than would be obtained with the assumptions used
in Section 15.0. The basis for the maximum reduction in
feedwater heating considered in the response should be provided
(e.g., specific turbine operational limitations).

RESPONSE:

Lower feedwater temperature increases the core intel subcooling
and results in a corresponding decrease in both the core
average void fraction and the steam production. The feedwater
temperature of 250°F is considered as the lower limit based on
the conclusion that plants with improved interference fit
spargers can be run in this mode (250°F FFWT) without adverse
consequences. Typically, the core average void fraction is
reduced by ~ 16% when the feedwater temperature is reduced from
420°F to 250°F. The lower steam production rate reduces the
peak pressures which occur during a transient (Table 211.125).

The use of feedwater temperature reduction to extend the cycle
beyond normal EOC is not expected to result in more severe
transients. The lower void fraction ( ~ 16% lower at 250°F
FFWT) reduces the dynamic void coefficient and the severity of
the transient (i.e., the A CPR due to the transient) is less.
Table 211.125 provides the typical ACPR numbers for two
transients analyzed. Although the scram reactivity response is
somewhat degraded due to the less bottom peaked power shape,
the overall response is dominated by the void feedback effects
and the resulting transient is less severe. Reducing the
feedwater temperature before EOC will not result in more severe
plant transient either. The peak pressures will be less due to
the reduced steam production. The A CPR will be less due to
the smaller void coefficient. Due to the presence of a
significant number of control rods inserted into the core for
this condition, the scram response is not appreciably affected
by the feedwater temperature reduction. In addition, the
transient response at points in the c¢ycle other than EOC is
consistently less than EOC.

If operation in the reduced feedwater temperature mode is
utilized, prior to operation an analyses will be performed to
show this mode of operation will not violate MCPR safety
limits, given the events in Chapter 15.
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TRANSIENT ANALYSIS RESULTS®

TABLE 211.926-1

Heating

{100% power)

REACTOR TRANSIENT EXPOSURE POINT PEAK VESSEL ACPR
CYCLE PRESSURE

BWR4 251-764 | Load rejection wfo Rated EOC 1235 .17

Equil. cycle bypass (104.2% power}
{Reduced Feedwater Extended EOC 1219 0.16
Heating) {(100% power)
Feedwater Controller Rated EOC 1202 0.12
failure (104.2% power)
{Reduced Feedwater) Extended EOC 1060 0.05

® ODYN ANALYSIS RESULTS
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TABLE 211.125-1

TRANSIENT ANALYSIS RESULTS*

REACTOR TRANSIENT EXPOSURE POINT PEAK VESSEL ACPR
CYCLE PRESSURE

BWR4 251-764 | Load rejection w/o Rated EOC 1235 17

Equil. cycle bypass {104.2% power)
{Reduced Feedwater Extended EQC 1219 0.16
Heating) {100% power}
Feedwater Controller Rated EOC 1202 0.12
failure {104,2% power)
{Reduced Feedwater) Extended EOC 1060 0.05
Heating {100% power)

* ODYN ANALYSIS RESULTS

Rev, 46, (06/93
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QUESTION 211.126

Since systems such as the HPCI and RCIC are initially aligned
to the condensate storage tank (CST) and switch to the
suppression pool on low water level in the CST, the CST water
level should be included in Table 7.5-1, entitled "Safety
Related Display Instrumentation," add the above for display in
Table 7.5-1 or justify its omission.

RESPONGSE :

Systems such as the HPCI and RCIC are initially aligned to the
condensate storage tank (CST) and automatically switch to the
suppressgion pool on low water level in the CST. The switch
from the suppression pool to the CST on high suppression pool
level is automatic for HPCI, but is manual for RCIC. The CST
water level should not be inc¢luded in Table 7.5-1, entitled
"Safety Related Display Instrumentation® because the important
safety parameter is the HPCI flow or the RCIC flow. Only
important parameters, such as flow, are included in
Table 7.5-1.
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QUESTION 211.127

For the safety-related display instrumentation shown in
Table 7.5-1, identify which parameters serve a post-accident
tracking or monitoring function.

RESPONGSE :
Safety-related display instrumentation shown in Table 7.5-1

which serve a post-accident tracking or monitoring function are
described in Subsections 7.5.1a.4.2.1 thru 7.5.1a.4.2.4.
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QUESTION 2311.128

In Table 7.5-1 you identify the range of the reactor vessel
pressure to be from 0 to 1500 psig. Since the design pressure
is 1250 psig, justify the upper bound of the instrumentation
range when considering potential accidents that may cause large
pressure excursions (i.e., ATWS).

RESPONSE :

The reactor pressure instrument range of 0 to 1500 psig is
prudent for this device. This range envelopes the anticipated
pressure transients while providing adequate resolution at mid-
instrument range for normal operating conditions.
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QUESTION 211 .129

Display instrumentation for the condensate storage tank level
should be provided on the remote shutdown control panel,
Secondly, you state that the RHR flow indicator will be located
on the remote shutdown panel. Verify that flow indication will
be provided for both RHR systems (A and B), and that the flow
range will be the same as that shown in Table 7.5-1.

E NSE :

For response, see revised Subsections 7.4.1.4.2.2 and
7.4.1.4.2.3, as well as revised Table 7.4-3.
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QUESTION 211.130

Table 7.4-3 identified certain valves actuated by the transfer
switches. Why are recirculation suction valves F023B and F023A
actuated closed? What is the status of the remaining
recirculation suction valves? Discuss when the closure of
these valves would be initiated and clarify why valve "A" is
closed in Unit 2 while valve "B" is closed in Unit 1.

Relate the above discussion to the potential for pump
cavitation.

RESPONSE :

For response, see revised Subsections 7.4.1.4.2.2 and
7.4.1.4.2.3, and revised Table 7.4-3.
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UESTION 131

Per Section 7.4.1.4.3, transfer switches on the remote shutdown
panel are operated to transfer control to the remote shutdown
panel. Provide a list of valves in the nuclear boiler, RHR,
and RCIC systems, if any, that would be actuated to the "safe
condition" by a signal from the transfer switches.

RESPONSE :

For response, s8ee revised Subsections 7.4.1.4.2.2. and
7.4.1.4.2.3, and revised Table 7.4-3.
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QUESTION 211.132

I Add to Table 3.11-3” the Control Rod Hydraulic System {portions
of system necessary for scram) and its component operability
under abnormal environmental conditions. Clarify whether the
RHR steam isolation valves are included in item 4 of Table
3.11-3. Also, provide the basis for selecting an abnormal
temperature of 148°F for component operability.

RESPONSE:

Conditicon 5, which is applicable to portions of the Control Rod
[ Hydraulic System necessary for scram, has been added to Table
3.11-3*.

I RHR steam isolation valves are not included in item 4 of Table
3.11-3%,

The 148°F (65°C) temperature is a standard NEMA Power House
Grade environment. Equipment is, therefore, available without
special design.

* Section 3.11 has been rewritten since the original
response to this question, and Table 3.11-3 has been
eliminated.
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211,133

The following questions pertain to our review of Table 3.9-1
which shows the number of plant cycles (events) considered for
reactor assembly design and fatigue analysis.

(1)

Explain the events in Item 9 and relate to the
transients analyzed in Chapter 15.0. Also, provide the
number of cycles for safety or relief valve blowdown.

(2) In Table 3.9-1, item 16b is the indicated automatic
blowdown feature related to the ADS function:

(3) Explain event item 15a and relate to Chapter 15.0 or
Section 5.2.2 analyses. Justify omission of a reactor
overpressure with flux scram and isolation valves stay
closed under "Emergency Conditions."

RESPONSE :
(1) The scram events listed occur from various causes as

follows:

Turbine Generator Trip, Feedwater On, Isolation Valves
ta en - 40 Ev 8

These events correspond to the "Generator Load Rejection
- Turbine Control Valve (TCV) Fast Closure® and "Turbine
Trip" described in Chapter 15, Section 15.2, without
other failures assumed, such as bypass failure. The
same condition with bypass failure is included with the
Loss of Feedwater Pump scram events.

Other Scrams - 140 Events

These scram events are caused by conditions other than
rapid turbine admission or main steam isolation valve
closures at full power. Other scram causes include low
reactor water level and reactor protection system trips,
some of which result from the remaining accidents
discussed in Chapter 15.

There are 8 single relief valve or safety valve blowdown
events which completely depressurize the reactor due to
failure of a safety, relief, or turbine bypass valve to
reclose automatically after pressure has dropped below
ite design setting. The 8 events do not include the
large number of valve actuations which are expected to
occur where the valves function normally without
completely depressurizing the reactor.
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(3)

Rev.
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See revised Table 3.9-1. The automatic blowdown feature
indicated in 16.b is related to ADS. It assumes a
complete reactor depressurization due to unintended
operation of the ADS system or an assumed failure of
several safety or relief valves to reclose automatically
at their reset pressure.

The PrReactor Overpressure with Delayed Scram" event
assumes closure of main turbine admission valves
assuming that scram is delayed so that power and
pressure are initially limited by safety valve operation
and reactor recirculation pump tripoff. A similar
condition is discussed under the study of the
"Anticipated Transient Without Scram" (ATWS) event in
Chapter 1S, Section 15.8. This delayed scram event
results in more severe pressure and power transient
conditions than a "Flux Scram with Isolation Valve
Closure" which is covered under the "Loss of Feed Pump,
Isolation Valves Closed" event of Table 3.9-1, Item 16cC.
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QUESTION 211.134

In Table 15.0-2, item 32, provide the correct units (or value)
for recirculation pump trip inertia for transient analysis.

RESPONSE :

The correct unit for recirculation pump trip inertia time
constant is "seconds". Refer to Table 15.0-2.
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1 211.135

In Table 15.0-2, item 28, you show the high flux trip set point
of 120% as an input value for transient analysis. Justify for
not using 122% instead of 120% set point which accounts for
calibration error, instrument accuracy, and transient overshoot
as shown in Table 7.2-4.

RESPONSE :

Instrument trip setpoints are in the Technical Specifications
and consistent with the plant’s safety analyses. The safety
analysis is performed using justified conservative setpoints
that include provision for instrument errors and transient
overshoots. The information in Table 7.2-4 was preliminary,
and the table is being deleted from the FSAR since the
appropriate information is part of the Technical Specifications
for Susquehanna.
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QUESTION 211,136

Provide a realistic range and permitted operation band for the
exposure dependent parameters in Tables 4.4-1 and 15.0-2. In
Table 15.0-2, provide assurance that values of parameters
selected yield the most conservative results.

RESPONSE :

None of the thermal and hydraulic design characteristics shown
in Table 4.4-1 are exposure dependent. Instead, they reflect
the rated power and flow limits which characterize the core
design.

In Table 15.0-2, the only exposure dependent parameters are the
doppler coefficient, the void coefficient, and the scram
reactivity. If the parameter is assumed not to vary during
exposure, the value is assumed to be constant. While doppler
and void reactivity effects impact transient performance, the
scram reactivity dominates the transient response. Transient
performance evaluations are not performed utilizing the worst
combination of void, doppler, and scram characteristics.
Instead, to provide assurance that the transient evaluations
yield the most conservative results, the evaluations are
performed at core exposure conditions expected to occur with
the worst scram reactivity characteristic. The minimum scram
reactivity for projected operation in BWR’s occurs at the end
of cycle exposure point, when the control rods are completely
withdrawn from the core at rated power/flow conditions.

The scram reactivity characteristic varies slightly with
exposure, but is most strongly affected by the core power
distribution and the associated control rod configuration prior
to a scram. The scram reactivity of Curve 2 in Figure 15.0-2
presents a conservative but realistic lower bound on the
minimum scram reactivity for Susquehanna, and also defines the
minimum scram characteristic for permitted operation.

The doppler coefficient varies slowly with exposure and ie
expected to be valued from -.1483 to -.2358 cents/°F during
rated power operation. There is no defined operation band for
this parameter. The void coefficient varies slightly with

- exposure and is expected to fall in the range of -6.32 to -9.07

cents/% (rated voids). Except for requiring that the void
coefficient is negative, there is no defined operation band for
this parameter.
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QUESTION 211.137

Uncertainty exists on the correct value of APRM neutron flux
scram setpoint to be used in transient analyses. The value
indicated as input for transient analysis in Table 15.0-2 is
125% NBR. However, a value of 120% NBR is indicated in Table
7.2-4 and 7.6-5. Explain this discrepancy. For the correct
value of setpoint used in transient analyses, provide a
breakdown of any uncertainty allowances that are added to the
nominal value.

RESPONSE:

The discrepancy of the APRM scram setpoint arises because of
the conservatism allowed for the transient analysis. The scram
setpoint is 120% of NBR thermal power. The analyses assume the
plant is operating at 104.4% of NBR thermal power for
conservatism. Therefore, the APRM neutron flux scram setpoint
is 125% NBR (104.4 x 120%).
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QUESTION 211.138

Provide a listing of the transients and accidents in Chapter 15 for which operator action is
required in order to mitigate the consequences. In the Chapter 15 time sequence of events or
NSQA tables, provide the times of, and manual actions or automatic system changes that are
required to place the plant in the final stabilized condition {cold shutdown).

RESPONSE:

For Loss of Coolant Accident (LOCA} events inside the containment, alt short term

{t = 0 through 10 minutes) safely functions are automatically initliated and controfled. All the
necessary NSSS-ESF systems would continue 1o provide long term {1 = 10 minutes to 30 days)
automatic safety action. Thus, no operator actions are required for these cases to provide for
adequate core cooling. Extended long term NSSS-ESF manual actions would be centered
around RHRS-shutdown cocling aspects.

For LOCA's outside the primary containment, operator action is required to provide short term
core cocling under the severely degraded conditions assumed in the LOCA analysis. Operator
action ts required for these breaks because there will be no high drywell pressure signatl to
activate the automatic depressurization system (ADS}. Given LOCA analysis assumptions, no
credit is taken for the feedwater system and the reactor core isolation cooling (RCIC) system.
Also, the high-pressure coolant injection (HPCI) system is assumed fo fail (worst single failure).
With no credit for the above systems, the operator must manually initiate the ADS to
depressurize the vessel below the shutoff head of the low-pressure ECC systems, allowing
these systems to terminate the transient. Once the operator initiates the ADS, no further
operator actions other than those previously identified for a LOCA inside the containment are
required to provide long term cooling. As shown in response to 211.90, the operator has at
least 20 minutes to manually depressurize via ADS to assure you result in acceptabie
consequences.

For anticipated operational transient events, no operator action is assumed in less than

10 minutes to mitigate the consequences of the maode. Most events invelve automatic

process controf systems (e.g., feedwater or pressure controls which are usually in operation).
Some events allow operator manual contral adjustments {e.g., control rod insertion) prior to an
automatic protection action. But in no case will the failure or error of the operator manual action
negate any protection function or cause a radiological safety problem. Operator actions may
improve the course of a transient, but no credit is taken {ahead of 10 minutes) in the current
safety evaluation analyses.

However, control of the suppression pool thermal response inevitably relies on positive operator
action. Failure of the operator to adjust the RHRS to a water/water heat removal mode will
result in suppression pool overheating which has no automatic control. In summary, operator
action is not required to maintain core cooling capability, but is required to control containment
overheating.
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QUESTION 211.139

The response to question 211,113 does not provide sufficient
detail on non-safety grade equipment and components which
mitigate transients and accidents. Provide a table of the non-
safety grade equipment and components assumed to mitigate
consequences for each transient and accident in Chapter 15.
For those events where non-safety grade systems are used;
provide the change in consequences or results when taking
credit for safety grade equipment only.

RESPONGSE :

The use of non-safety grade equipment for transient analysis
was an issue which was addressed in detail by the Licensing
Review Group. To enhance interim evaluation a description of
the role of non-safety grade equipment is included here. Table
211.139-1 highlights transients which utilize non-safety grade
equipment.

It is important to note that the analysis for each of the
transients in Table 211.139-1 is based on the single-failure
criterion associated with moderate frequency events (i.e.,
abnormal transients are defined as events which occur as a
result of equipment malfunctions as a result of a single active
component failure or operator error). Following this single
failure, the resulting transient is simulated in a conservative
fashion to show the response of primary system variables and
how the various plant systems would interact and function. In
these transients, the consideration of any additional failures
is not considered appropriate within the realm of the abnormal
transient definition, but shifts them to infrequent events.
Although certain transient events assume the operation of
specific non-safety grade equipment to provide a realistic
transient signature, failures of such equipment would not make
these events more thermally or pressure limiting than the
limiting accidents already addressed in the FSAR Chapters 5 and
15. In fact, many of the events which have a level 8 turbine
trip (a non-safety grade trip) would be less severe if the
level 8 trip were assumed not to function.

Fajilure of the relief valve function of the safety-relief
system for any event will not result in a transient which
exceeds the peak pressure response of the limiting event
presented in Chapter 5.0. Failure of the level 8 turbine trip
of failure of the bypass to open when the level 8 trip does
occur were studied for a BWR similar to the Susquehanna design.
The increase in CPR was about 0.02 for a delay in the turbine
trip and 0.08 for failure of bypass. Although thermal margins
are reduced, no significant (if any) fuel damage is expected.
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The offsite doses (if any) would be negligible, and therefore
no impact from a health and safety viewpoint. The loss of
feedwater event is analytically about the same with or without
the recirculation runback ahead of the level 2 trip. In
summary, the thermal and pressure safety limite are not
compromised by inclusion of the simulated response of non-
safety grade systems.

Table ©211.139-1 shows which non-safety grade systems or
components were assumed to actuate in the FSAR analysis.
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TABLE 211.139-1

NON-SAFETY GRADE SYSTEMS/COMPONENTS ASSUMED IN FSAR ANALYSES

MODERATE FREQUENCY EVENTS

SEll T
FSAR TRANSIENT NON-SAFETY GRADE SYSTEM OR
SECTION COMPONENTS
15.1.2 Feedwater Controller Failure, Max Level 8 turbine and feedwater trip, Turbine
Demand bypass, Relief valves
15.1.3 Pressure Regulator Failure, Open Relief valves
15.2.2 Load Rejection Turbine bypass, Relief valves{1)
16.2.3 Turbine Trip Turbine bypass, Relief valves{1)
15.2.4 Closure of all MSIV's Relief valves
15.2.5 Loss of Condenser Vacuum Turbine bypass, Relief valves
15.2.6 Loss of AC Power Turbine bypass, Relief valves
15.2.7 Loss of all Feedwater Flow Recirculation runback, (2) Relief valves
15.3.1 Trip of Both Recirculation Pumps Leve! 8 turbine trip, turbine bypass, Relief
valves
15.3.2 Recirculation Control Failure, Decreasing Level 8 turbine trip, turbine bypass, Relief
Flow valves
15.4.1 Rod withdrawal error-low Power Rod Sequencing Control System {RSCS)
15.4.2 Rod Withdrawal! error-at Power Rod Block Monitor {(RBM)
156.4.5 Recirculation Control Failure-Increasing Level 8 turbine trip, turbine bypass
Flow
INFREQUENT EVENTS
15.2.3 Turbine Trip w/o Bypass Relief valves
15.2.2 Load Rejection w/o Bypass Relief Valves

{2) Neglected in the analysis.

{1) Level 8 (high water level) trip potentially activated following the initial part of these events, but it
is not a significant factor in fuel or vessel overpressure protection evaluation.

Rev. 46,
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TABLE 211.139-1

NON-SAFETY GRADE SYSTEMS/COMPONENTS ASSUMED IN FSAR ANALYSES
MODERATE FREQUENCY EVENTS

FSAR TRANSIENT NON SAFETY GRADE SYSTEM OR
SECTION COMPONENTS
15.1.2 Feedwater Controller Failure, Max Level 8 turbine and feedwater trip, Turbine
Demand bypass, Relief valves
15.1.3 Pressure Regulator Failure, Open Relief valves
15.2.2 Load Rejection Turbine bypass, Relief valves(1)
15.2.3 Turbine Trip Turbine bypass, Relief valves(1)
15.2.4 Closure of all MSIV’s Relief valves
15.2.5 Loss of Condenser Vacuum Turbine bypass, Relief valves
15.2.6 Loss of AC Power Turbine bypass, Relief valves
15.2.7 Loss of all Feedwater Flow Recirculation runback, (2) Relief valves
15.3.1 Trip of Both Recirculation Pumps Level 8 turbine trip, turbine bypass, Relief
valves
15.3.2 Recirculation Control Failure, Decreasing |Level 8 turbine trip, turbine bypass, Relief
Flow valves
15.4.1 Rod withdrawal error-low Power Rod Worth Minimizer
15.4.2 Rod withdrawal error-at Power Rod Block Monitor (RBM)
15.4.5 Recirculating Control Failure-Increasing |Level 8 turbine trip, turbine bypass
Flow
INFREQUENT EVENTS
15.2.3 Turbine Trip w/o Bypass Relief valves
15.2.2 Load Rejection w/o Bypass Relief valves

Q)

@

Level 8 (high water level) trip potentially activated following the initial part of these events, but it is

not a significant factor in fuel or vessel overpressure protection evaluation.

Neglected in the analysis.

FSAR Rev. 65
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U 10 4

The analysis of transients and accidents in Chapter 15.0 does
not state which of the RPS time response delays in Table 7.2-5
is used in the REDY computer code model (NEDO-10802). For each
transient and accident in Chapter 15.0, specify whether the
sensoYy or overall delay time is used in the analysis and why
the specified delay time is conservative.

RESPONSE :

In all Chapter 15 events, the maximum overall time delay is
utilized for each scram encountered and reported in each event
scenario. This allows for maximum specified sensor and logic

delays.

Rev. 46, 06/93 211.140-1



SSES-FSAR

UEST 41

Confirm the following items for all transients in Chapter 15.0
which reguire control rod insertion to prevent or lessen plant
damage.

a) All calculations were performed with the conservative
scram reactivity curve No. 2 in Figure 15.0-2.

b) The slowest allowable scram insertion speed was used.

RESPONSE :

The scram time characteristics shown in curve 2 of Figure 15.0-
2 are derived from the Technical Specification scram time. The
expected scram time is faster than what is used in the FSAR
analysis. This scram reactivity characteristic is used in all
total plant transient analyses that call for scram. Control
rod motion events utilize unique, conservative scram shape
appropriate for the situation, but alsoc base their rate on the
scram speed technical specification.

Rev. 46, 06/93 211.141-1
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QUESTION 211.142

a)

b)

In Table 1 of Figure 5.1-3a (Nuclear Boiler), the relief valve spring set pressure at
1130 psig for safety/relief valves B and E does not agree with a corresponding
value of 1146 psig in Table 5.2-2 of the FSAR and in Table 1 of Drawing M-141,
Rev. 8. Correct this setpoint discrepancy for safety mode (mechanical)

actuation.

For transient analysis, credit has been taken for safety/relief valve actuation in
the refief mode. A more conservative approach would be to take credit for
safety/relief valve actuation in the safety mode, resulting in higher peak vessel
pressures.

1) What effect on MCPR and peak vessel pressure does credit for
safety/relief valve actuation in the safety mode have on transients
analyzed in Chapter 157

2) Are all equipment and components required for safety/relief valve
actuation in the relief mode safety grade?

RESPONSE: -

a)

b)

FSAR Rev. 58

The correct, up-to-date, set points for valves B and E are 1146 psig. See Table 1
of Dwg. M-141, Sh 2.

The relief action mode has appropriately been applied to Chapter 15 transient
pressurization events. There is no previous or current requirement to assume
simultaneous faiture of these valves for the transient assessment. No
detrimental effect on MCPR would be expected since it is dominated by the
scram protection. Any increase in peak pressure is addressed by the bounding,
worst ASME code case analysis presented in Chapter 5 and the Vessel
Qverpressure Protection Report.

That analysis shows that completely acceptable overpressure protection is
provided even for the worst cases when credit is only taken for accepted ASME
valve operation.

All equipment and components required for initial safety relief valve actuation in
the relief mode are safety grade but not single failure proof. The overpressure
protection analysis (in Section 5) only took credit for ASME code credited vaive
action, and showed the very significant protection margin even if a single
additional failure is assumed.

211.14241
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QUESTION 211.3143
Modify Table 15.0-1 as follows:

a)

b)

Give calculated values of MCPR instead of the entry
1.06.

For the "feedwater controller failure at maximum
demand" transient, correct the discrepancy in values
for maximum vessel pressure, maximum steam 1line
pressure, and MCPR that exists between Table 15.0-1 and
Section 15.1.2.3.3.

RESPONSE :

a)

b)

Rev. 46,

Where significant risk of approaching MCPR 1limits
exists, specific calculations have been done and
recorded in the table. Events such as 15.1-4 show
virtually no power increase (or any other parameter
change that challenges thermal margin) and they indeed
are much greater than the 1.06 safety limit and need
not be calculated. To provide assurance the safety
limit is maintained for all transients where the MCPR
entry is greater than 1.06, Table 15.0-1 has been
modified. A threshold value of 1.10 will be used in
place of 1.06. Comparison of "Maximum Neutron Flux"
and "Maximum Core Average Surface Heat Flux" for all
the transients (whose entry has changed) with the
"Generator Load Rejection, Bypass-on" transient
(15.2.2) shows we are being conservative with respect
to the 1.10 MCPR value.

The two exceptions are start of "Idle Recirculation
Loop" and “YRecirculation Flow Control Failure-
Increasing Flow" transients. These transients,
however, start at a lower power and hence have a much
higher initial CPR value (1.48 and 1.40 respectively).
The MCPR is expected to be greater than 1.10, because
the increase of heat removal due to core flow increase
(up to 130% of initial wvalue) can accommodate the
increase of the surface heat flux.

The peak pressure values given in Table 15.0-1 for
event 15.1-2 are correct. The text in Subsection
15.1.2.3.3 has been corrected from 1110 to 1138 and
1128 to 1175. All values are psig. The MCPR in this
case just reaches the 1.06 safety limit. Subsection
15.1.2.3.3 has been revised to state the MCPR just
reaches 1.06.

06/93 211.143-1
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QUESTION 211,144

For transients and accidents in Chapter 15 in which it is
stated that the operator initiates some corrective action,
provide justification for any corrective actions by the
operator prior to 20 minutes.

RESPONGSE:

Virtually all required protection is provided by automatic
functions. Chapter 15 analyzes the transients and accidents to
the point where the event has been mitigated. The sequence of
events shows time frames of all automatic and operator actions
required to mitigate those events. The design and protection
basis for the few situations where operator action is involved
is and has been the 10 minute period. We believe that lapse
times of 10 minutes for those situations remains appropriate.
The 10 versus 20-minute operator action time frame is being
addressed under the post TMI concerns.
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QUESTION 211.145

Discuss how the pre-operational and startup tests will be used
to confirm flow parameters used in Chapter 15 analyses.
Provide details of any previous test of components in test
facilities conducted to show satisfactory performance of the
recirculation and feedwater flow control systems and respective
pumps. Describe how this information was used in Chapter 15
analyses.

RESPONSE :

Preoperational tests confirm proper erection and performance
values for flow rate and pressure of the hydraulic subsystems.
These tests also validate the control system function related
to both automatic and manual valving of the hydraulic lines.
Startup tests ST-30 (Recirculation System Test) and ST-23
(Feedwater System Test) confirm the transient responses of the
recirculation system/feedwater system. Expected performance
estimates are based on component development test results and
on qualification performance tests for the safety-related pumps
and valves. Actual plant instrumentation is first calibrated
and then used in preoperational tests for flow measurements,
pressure measurements, and as sensor inputs for control
circuitry. Final performance is validated during the above
cited startup tests.
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UESTION 211.146

Analyze the turbine trip and generator load rejection transient
from a safe shutdown earthquake event. Credit should not be
taken for non-seismically qualified equipment or any equipment
contained in a non-seismic structure.

RESPONSE :

Use of seismically qualified equipment to provide protection in
the postulated design basis accidents is considered adequate
and bounding from the viewpoint of seismic impact.

In response to a similar NRC request on the BHatch 2 docket
(Question 212.64), an analysis of the load rejection transient
was performed assuming the following additional failures:

1. Failure of direct trip scram
2. Failure of recirculation pump trip (RPT)
3. Failure of bypass systems

A summary of results of this analysis for Hatch 2 is as
follows: :

Maximum vessel pressure (psig) 1245
Time of maximum pressure (seconds) 2.8
Minimum critical power ratio (MCPR) 0.89
Time of MCPR (seconds) 1.7
Rods in boiling transition (%) 6.7
Peak cladding temperature (°F) 1420
Peak value of fuel average temperature (°F) 1544

If the above transient were analyzed with a direct trip scram,
the results would be bounded by the flux scram trip presented
here.

It is not anticipated that any single active component failure,
in addition to failures of the direct trip scram, RPT and the
bypass system, would significantly increase the severity of
this event due to its brief duration.
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UESTION . 147

On page 4-7 of NEDO-10802, it is stated that the difference in
trend of flow coastdown versus initial power between the
analytical and experimental coastdown curves for Dresden Unit
No. 2 (a BWR/3) in Figure 4-11 was due in part to differences
between actual and computed jet pump efficiencies.

a)

b)

How has this effect been treated in analysis of SSES
transients involving flow coastdown with two
recirculation pump trip (RPT)?

Is this treatment applicable to Susquehanna which is a
BWR/4? If B0, explain how.

RESPONSE :

a)

b)

Simulation of the recirculation system is matched to
the operating flow, etc. for the Susquehanna unit. The
coastdown characteristic is simulated by the equations
given in NEDO-10802, but conservative (rapid) flow
reduction is esimulated for the 1 and 2 RPT transient
cases (using minimum specified inertia). In the
turbine and generator trip events where the RPT is part
of the protection sequence conservative (slow) flow
reductions are simulated for the RPT characteristic
using upper limits on inertia. The minor differences
sometimes seen between coastdowns at various power
levels are covered for the limiting, full power, full
flow cases by this conservative approach.

No significant differences in recirculation system
behavior is expected, nor has it been observed, between
BWR/3 and BWR/4 plants.
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QUESTION 211.3148

For the "loss of feedwater heating® transient, the sequence of
events in Table 15.1-2 for the limiting manual flow control
mode is not described in sufficient detail to permit evaluation
of transient results in Figure 15.1-2 and comparison with NSOA
events in Figure 15A.6-21, No detail is presented in Table
15.1-2 between 2 and 40 plus seconds. Revise Table 15.1-2 to
include NSOA events in Figure 15A.6-21 and additional detail
between 2 and 40 plus seconds.

RESPONSE :

The sequence of events in Table 15.1-2 has been revised. The
table reflects the fact that no scram is expected, and simple
insertion of some rods will restore the plant to normal,
planned operation. To address the concern expressed on 8/21/80
meeting by the NRC of why 100°F temperature loss is assumed
instead of 150°F, the following is provided. The GE feedwater
system design requirements are that the maximum temperature
decrease which can be caused by bypassing feedwater heating by
any equipment single failure or operator error be less than or
equal to 100°F. An analysis, however, was performed for a BWR
5/Mark II in which a 150°F temperature loss was simulated. 1In
this particular analysis, an APRM scram occurred approximately
2 seconds earlier for the 150°F loss case compared to the 100°F
loss case. The peak thermal power was no higher and the
minimum CPR value no lower. The results found are applicable
to the Susquehanna design.
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QUESTION 211.149

The thermal power monitor (TPM) is not included in the
Susquehanna design per response to question 211.118. However,
it is indicated as the primary protection system trip for
mitigating the consequences of the "loss of feedwater heating"
transient in Section 15.1.1.2.2. What was used to scram the
reactor in the manual mode? Modify Figure 15A.6-21 and
Sections 15.1.1.2.2. and 15.1.1.2.3 accordingly.

RESPONSE :

The "loss of feedwater heating" transient does not reach nor
require scram for either the automatic or manual mode of flow
control., Subsections 15.1.1.2.1.1, 15.1.1.2.2, 15.1.1.2.3 and
Figure 15A.6-21 have been revised to be consistent with the
design of the Susquehanna units.
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T 11.150

This Bection states that input parameters and initial plant
conditions for the "loss of feedwater heating" transient are in
Table 15.0-1. This should be changed to Table 15.0-2 in this
section and in the corresponding sections of the remaining
transients in Chapter 15 where this discrepancy occurs.

RESPONSE :

Chapter 15.0 has been revised to correct this discrepancy.
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QUESTION 211.151

Correct discrepancies between events in Table 15.1-3 and NSOA
Figure 15A.6-22 for the "feedwater controller failure at
maximum demand" transient. Table 15.1-3 does not include the
initial core cooling and reactor vessel isolation events
indicated in Figure 15A.6-22,

E NSE:

Table 15.1-3 has been modified to reflect vessel isolation and
HPCI and RCIC utilization.
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ION_2 52

Explain the basis for the assumed feedwater flow controller
failure at 135% flow. 1Is the indicated failure initiated at 0
seconds or does the failure begin at 0 seconds and increase to
135% flow at a later time. If the former is true, correct
Figure 15.1-3 accordingly.

RESPONSE:

The feedwater controller failure event is initiated by assuming
the plant to be running at steady state then failing the demand
eignal into the demand controller output limiter set at 135%.
The feedwater responds by increasing flow as indicated in
Figure 15.1-3. The increased flow increases water level until
Level 8 trip is attained in near 10 sec. as stated in Table
15.1-3 and initiates the sequence of events indicated.

In most designs the feedwater system has 115 to 135% capacity.
This event was run at 135% as being a conservative analysis.
Smaller capacities or limits in the system would provide milder
results.
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N _211.153

Correct the inadvertent combination of Section 15.1.2.3.2,
beginning on page 15.1-7, with Section 15.1.2.3.1.

RESPONSE :

The numbering sequence for Subsection 15.1.2.3 has been
revised.

Rev. 46, 06/93 211.153-1



SSES-FSAR

QUESTION 211.154

Provide justification that analysis of the “feedwater
controller failure-maximum demand" transient at 105% NBR steam
flow is more restrictive than at low power. If so, delete
reference to "low power" for NSOA event No. 22 in Table 15A.2-
2. If not, reanalyze and make appropri<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>