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SAFETYASSESSMENT
CHANGES SUPPORTING HYDROGEN WATER CHEMISTRY
BACKGROUND
PPSL plans to implement Hydrogen Water Chemistry (HWC) at each of the two SSES Units. HWC
will mitigate Intergranular Stress Corrosion Cracking (IGSCC) of safety related stainless steel and
HWC systems for
inconel reactor vessel
internals, particularly in the lower head region.
Susquehanna have been designed and installed following the guidance of NRC approved EPRI NP5283s-SR-A "Guidelines for Permanent BWR Hydrogen Water Chemistry Installations-1987
Revision". The following Technical Specifications (TS) changes have been identified to support the
implementation of HWC:
1)

Raise the setpoints and allowable values for the Main Steam Line Radiation Monitors to provide
adequate operating margin during HWC.

2) Move/relocate requirements and associated TS Bases for Main Condenser Offgas Treatment
System Explosive Gas Monitoring System and Radioactive Effluents Explosive Gas Mixture to
TS Section 6.0, FSAR Section 16.3 (Technical Requirements Manual) and controlled

documents.

Additionally, PP8L proposes to revise the design basis for the Gaseous Radwaste Management
(Offgas) Systems. Evaluations have been performed to demonstrate that these systems will
withstand the effects of a hydrogen explosion. Therefore, automatic isolation to preclude the
formation of explosive gas mixtures is not necessary. NRC concurrence of this design basis change
is being obtained.
Following approval of the second TS change, and concurrence of the Offgas system design basis
change, PPBL intends to remove the automatic isolation of the Offgas System from the condenser
on high hydrogen by plant modification under 10CFR50.59. This will reduce the potential for plant
It will also eliminate the risks from trapping gas
shutdowns due to loss of condenser vacuum.
containing high concentrations of hydrogen in the systems in the event of a loss of oxygen feed.

The proposed changes to current TS are consistent with regulatory guidance and requirements
contained in Standard Technical Specifications (STS), NUREG 1433, "Standard Technical
Specifications General Electric Plants, BWR/4," Revision 1; Generic Letter 95 -10 "Relocation of
Selected Technical Specifications Requirements Related to Instrumentation" and SER "Guidelines
for Permanent BWR Hydrogen Water Chemistry Installation" dated July 1987.
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DESCRIPTION OF THE PROPOSED CHANGES
Revise TS Index "Limiting Condition for Operation and Surveillance Requirements" and "Bases"
pages to reflect the TS revision.
~

Revise TS Section 2.2 "Limiting Safety System Settings" (Table 2.2.1-1) and Section 3/4.3.2
"Isolation Actuation Instrumentation" (Table 3.3.2.2) to reflect a new TRIP SETPOINT and
ALLOWABLEVALUE for trip function "Main Steam Line Radiation-High".

Relocate current TS Limiting Condition of Operation (LCO)/Surveillance Table 3.3.7.111/4.3.7.11-1 requirements and associated Bases for "Main Condenser Offgas Treatment System
Explosive Gas Monitoring System" to the FSAR and procedures.

Move/relocate TS LCO/Surveillance 3.11.2.6/4.11.2.6 and associated Bases to new TS Section
6.8.6 "Explosive Gas Monitoring Program", FSAR (TRM) and procedures.

SAFETY ASSESSMENT
1) Main Steam Line Radiation Monitor Setpoint Increase

Revisions to TS Section 2.2 "Limiting Safety System Settings" and Section 3/4.3.2 "Isolation
Actuation Instrumentation" are being proposed to increase the "Main Steam Line Radiation-High"
TRIP SETPOINT and ALLOWABLEVALUE for FUNCTIONAL UNIT 6 in TS Table 2.2.1-1 "Reactor
Protection System Instrumentation Setpoints" and TRIP FUNCTION 1.e and 3.b. in TS Table 3.3.2-2
"Isolation Actuation,instrumentation Setpoints". It is proposed to raise the Trip Setpoint from s7.0
times full power background to 615 times full power background without hydrogen injection.
Similarly, it is proposed to raise the Allowable Value from <8.4 times to <21 times.

The values are expressed in terms of Normal Water Chemistry (NWC), when hydrogen is not being
injected into the reactor feedwater, but will apply for both NWC or Hydrogen Water Chemistry
(HWC), when hydrogen is being injected. EPRI "Guidelines for Permanent BWR Hydrogen Water
Chemistry Installation" dated September 1987 recommended a dual Main Steam Line Radiation
setpoint approach. PP8L concluded this approach could result in inadvertent reactor scrams and
Main Steam Line isolations at power during readjustment of the monitors and has justified the use of
one setpoint and allowable value at hydrogen injection rates ranging from zero (Normal Water
Chemistry) up to the limit of the injection system.
This change will provide margin against inadvertent reactor scrams and containment isolations that
may result from main steam line radiation transients during power operation. Under HWC, hydrogen
gas is injected into the feedwater which flows to the reactor vessel. This suppresses the radiolysis
of water in the core region, and promotes the recombination of oxidizing species (primarily hydrogen
peroxide and oxygen) with hydrogen to produce water. As a result, the corrosion potential of reactor
water is substantially reduced, which effectively halts the propagation of any existing IGSCC and
prevents new cracks from forming. Hydrogen injection also shifts the chemical form of the N-16
activity produced in the core region from primarily nitrate (which is non-volatile) to more volatile
compounds of nitrogen. Consequently, when operating with hydrogen injection the radiation levels
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in the vicinity of the main steam line radiation monitors will be increased to 4 to 5 times the levels
experienced without hydrogen injection. These expected radiation levels will exceed the existing
radiation alarm setpoint and will approach the existing high radiation alarm and trip setpoint, leaving
only a small margin between anticipated operational radiation levels with hydrogen injection and the
setpoint for reactor scram and isolation functions.

Increasing the Main Steam Line Radiation - High trip setpoint, and corresponding Allowable Value,
will increase the margin between the operational radiation level and the high trip setpoint, thus
reducing the potential for unnecessary reactor trips and main steam line isolations during normal
plant operation. An inadvertent Main Steam Line Radiation - High trip will cause an unnecessary
scram and isolation which results in high thermal stresses on the reactor pressure vessel and
internals and challenges to the high pressure emergency core cooling equipment. Therefore,
increasing the Main Steam Line Radiation - High trip setpoint and corresponding Allowable Value
will reduce the potential for unnecessary plant transients and their adverse effects, and therefore will
provide a safety benefit.

A Trip Setpoint of s15 times the full power background without hydrogen injection is approximately
three times the background radiation value expected when HWC is in operation. This setpoint is
consistent with the trip setpoints at other BWR's that have implemented HWC. As noted above, a
single setpoint for operation with and without hydrogen injection is requested and supported by this
Safety Assessment.
a)

System Description and Safety-Related Functions

The Main Steam Line Radiation Monitors measure the radiation level in the four Main Steam
Lines just downstream of the outboard isolation valves. There are four Gamma Sensitive lon
Chambers protruding into the steam tunnel, arranged in a vertical line parallel to the steam
lines and midway between them. The monitors are Gamma Sensitive lon Chambers. Each
ion chamber is connected to a Logarithmic Radiation Monitor located in either the Upper or
Lower Relay Room of the Control Structure. The radiation level at the main steam lines
provides an input to two setpoints. Radiation level exceeding the lower setpoint generates a
Control Room alarm output. If the radiation level also exceeds the higher setpoint, another
Control Room alarm plus trip outputs occur. The trip outputs feed the Reactor Protection
System (RPS), which initiates a reactor scram, and the Primary Containment and Reactor
Vessel Isolation Control System (PCRVICS), which initiates closure of the main steam
isolation valves, main steam line drain valves and reactor recirculation sample isolation
valves. The trip logic is one out of two taken twice (A or C plus B or D).

The MSLRM's also input a trip signal on a one out of two logic (A or B) to the control logic for
the Mechanical Vacuum Pump (MVP), causing it to shut down if running and closing its inlet
isolation valves. This prevents the immediate release of fission product activity in the event
of a gross failure of the fuel during startup when the MVP may be in operation. This
operation is not designed as a Safety Related function but is part of the design basis of the
plant as described in the FSAR.
FSAR Section 7.3.1 states that the function of the Main Steam Line Radiation monitors is to
detect the gross release of fission products from the fuel and initiate appropriate action to
limit fuel damage and to contain the released fission products. No Design Basis Event
requiring functioning of the Main Steam Line (MSL) Radiation monitors is defined in the
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FSAR. FSAR Section 7.2.1.1.4.2.(i),'describing Main Steam Line Radiation monitoring,
states that for accidents resulting in gross fission product release "the primary variables for
trip initiation would be reactor vessel low level, reactor vessel high pressure, or high neutron
flux". In addition, Technical Specification Bases 2.2.1 item 6 states that no credit is taken for
operation of this trip (Main Steam Line Radiation - High) in the Accident Analyses (of the
FSAR). Specifically for the control rod drop accident (CRDA), the Design Basis Analysis
(DBA) was performed following the guidance of NRC SRP 15.4.9, which takes no credit for
the MSIV's limiting the release of activity to the condenser. For the DBA, it is assumed that
a CRDA would produce a burst-type release, and that the release would escape the Reactor
Pressure Boundary (RPB) before the MSIV's could close.
During conditions under which a CRDA can occur, the condenser will be at vacuum using
either the MVP or the steam jet air ejectors (SJAE). In either event, the condenser will
isolate following a CRDA. If the MVP were operating, it would be shutdown and isolated by
the MSLRM trip. If the SJAEs were in service, they would shutdown on loss of steam as a
consequence of a reactor scram and MSIV isolation. The release of activity from the
condenser to the environment would be by leakage out of the condenser into the turbine
building as the condenser returned to atmospheric pressure, with subsequent release from
the turbine building to the environment. SRP 15.4.9 prescribes a condenser leak rate of 1%
of its volume per day, followed by the immediate release from the turbine building.

~

In addition to their trip function, the main steam line radiation monitors provide Control Room
indication on a recorder and a radiation alarm which activates significantly below the trip
setpoint. The Alarm Response procedures invoked by receipt of a Main Steam Line
Radiation Monitor - High alarm require the control room operators to first confirm the validity
of the alarm, then reduce power to limit or stop the radiation increase. If radiation continues
to increase, the operators must trip the reactor and isolate the Main Steam Lines and drains
to stop the increase and contain the released radiation.

Primary detection for limited fuel rod failures during power operation is provided by the
Offgas Pretreatment Radiation Monitor. High and high-high alarms are provided and on
receipt of those alarms the control room operators will undertake prescribed actions in
accordance with Alarm Response procedures and Technical Specifications to control and
limit off-site releases, including, if required, shutting down the reactor. During startup with
the mechanical vacuum pump, the turbine building vent monitors will provide information on
the activity release rate which will direct the operators to appropriate off-normal and
emergency procedures. An off normal procedure provides direction to remove an operating
mechanical vacuum pump from service in the event of high turbine building vent
radioactivity.

This proposed Technical Specifications change will increase the radiation level at which the
MSLRM trip and related actuations are initiated. The following potential safety impacts were
assessed:

2)

the effect of raising the setpoint on the capability of the MSLRM's to trip in response to
significant fuel degradation, for power operation and hot standby;
the effect of raising the setpoint on the calculated dose from the design basis control
rod drop accident;
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3)

4)

b)

the effect of raising the setpoint on control room and offsite doses from releases not
large enough to induce a trip, with the mechanical vacuum pump in operation (this
postulated event was evaluated to better understand the potential impacts of raising
the setpoint);
the effect of raising the setpoint on the Emergency Plan, Emergency Action Limits and
event classifications.

Analytical Limit for Safety Assessments
PPBL has performed a setpoint calculation to determine that the Allowable Value (measured
value not to be exceeded in operation) corresponding to a trip setpoint of 15 times the full
power Normal Water Chemistry background is 21 times background and that the
corresponding Analytical Limit (used in consequence calculations) is 30 times background.

c)

Safety Assessment, Power Operation
During power operation, only very large and rapid releases of fission products will produce a
response by the main steam line radiation monitors. Primary detection for limited fuel rod
failures is provided by the offgas pretreatment radiation monitors. High and high-high
alarms are provided and on receipt of those alarms the operators will undertake prescribed
actions in accordance with Alarm Response procedures and Technical Specifications to
control and limit,off-site releases, including, if required, shutting down the reactor.

PP8L has performed a calculation to determined the magnitude of gross, sudden fuel
failure that would be required to raise main steam line radiation levels from background
levels with Normal Water Chemistry (without hydrogen injection) to the Analytical Limit for
the proposed setpoint. The main steam line radiation monitors were assumed to respond to
the transient increase in volatile fission product activity released into steam by the sudden
discharge of the gap noble gas activity. The concentration of fission gas activity in steam is
a function of the time over which the release occurs. Longer times increase the number of
rod failures required to produce a given activity concentration and hence radiation level.
Research performed by General Electric on fuel bundle flow blockage, a postulated scenario
for sudden fuel failure during power operation, indicates that activity release would occur
over several seconds. For PPBL's analysis a failure time of 10 seconds was used and was
based on the GE research. To raise MSL radiation levels to 30 times background for a 10
second release period requires the cladding failure of 257 fuel rods for all 9X9 fuel or 286
fuel rods for all 10X10 fuel. These numbers of rod failures represent a small fraction of the
total number of rods in the core: 0.43% for all 9X9 or all 10X10 fuel bundles, and are a small
fraction of the fuel failures assumed in the design basis CRDA.
Currently SSES Unit 1 is loaded with all 9X9 fuel and SSES Unit 2 contains a combination of
9X9 and 10X10 fuel. Unit 1 will be partially loaded with 10X10 fuel during its 10th Refueling
Outage in the Spring 1998 and eventually both units will be loaded with all 10X10 fuel. The
fraction of failed fuel rods required to reach an established setpoint remains essentially
constant for mixed fuel cores and this Safety Assessment applies for any combination of
9X9 and 10X10 fuel.

g

~

~

g
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This evaluation of the number of fuel failures required to reach the proposed setpoint is
based on operation without hydrogen injection. With hydrogen injection, the N-16
background radiation levels will be increased to 4 to 5 times the levels experienced without
hydrogen injection. Due to this increase, a decreased fission gas release will be sufficient to
reach the proposed setpoint. This phenomenon effectively reduces the number of fuel
failures required to reach the setpoint. Therefore, this evaluation bounds both normal and
hydrogen water chemistry operation.
The radiological consequences of the failure of 0.43% of the fuel rods are small when
compared to the radiological consequences of the Control Rod Drop Accident (CRDA). The
CRDA analysis is summarized in "General Electric Power Uprate Engineering Report for
Susquehanna Steam Electric Station Units 1 and 2" (NEDC-32161P, December 1993). The
results are summarized in Table 1. The radiological consequences of the CRDA are based
on the assumed failure of 1000 fuel rods in a core composed entirely of 9x9 fuel assemblies,
with no containment of activity'ue to main steam line isolation. The results shows that there
is a large margin between the offsite exposure for the CRDA and the NRC acceptance
criteria (SRP 15.4.9) of 25% of 10CFR100 limits. The source terms are independent of fuel
mechanical design so releases will be the same for both 9X9 or 10X10 fuel designs., The
analysis has been reviewed to assure that it applies to the 24 month fuel cycle.

The potential offsite doses from the sudden failure of 0.43% (or less) of the fuel rods would
be a fraction of the offsite doses calculated for the CRDA, since the number of failed rods is
much lower. If the fuel failures coincided with a unit shutdown, the released activity would be
contained in an isolated condenser. The potential release pathway would be similar to that
evaluated for the design basis CRDA, but the offsite doses. would be lower in proportion to
the number of failed rods. If the release occurred with plant operation continuing, activity
would be transported to the offgas treatment system by the steam jet air ejectors. The
pretreatment radiation monitors would provide indication and alarm of the increase in offgas
activity. If the release was large enough the main steam line radiation monitors would also
alarm. As long as operations continued, iodine activity would be retained and noble gas
activity would be delayed by the activated carbon adsorbers in the offgas treatment system.
The vent radiation monitors would detect any increase in activity release from the turbine
building vent. Offsite release would be minimized until the unit shut down and the
condenser was isolated. At this point, any remaining activity in the condenser would be
released by leakage. However, the total quantity of activity released in this scenario would
be smaller because much of the activity would be contained in the offgas treatment system.
Low levels of fuel leakage (individual fuel rod "leakers"), below those that would cause an
increase in main steam line radiation levels, will continue to be monitored under the
Susquehanna Fuel Performance Monitoring program. The primary inputs are the noble gas
release rate and reactor water iodine activity. Technical Specifications contain LCO's and
surveillance requirements for both these parameters.
In summary, raising the trip setpoint for the main steam line radiation monitors to the
proposed value does not signiTicantly reduce their sensitivity to respond to sudden, gross

fuel damage. The potential dose consequences of fuel failures conservatively estimated to
cause a trip at the proposed setpoint are bounded by the design basis CRDA. Smaller
numbers of failed rods produce correspondingly lower doses. No credit is taken in any
analysis for containment of activity or reduction of dose as a consequence of a reactor

~

I
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scram or primary containment isolation induced by the main steam line radiation monitors.
Because the main steam line radiation monitors are not required to limit the consequences
of sudden, gross fuel failures, raising the setpoint and allowable value does not affect the
potential consequences.
It is also noted that this proposed setpoint change does not create the possibility of a new or

different kind of accident from any accident previously evaluated. This is because the
change does not involve any additions or deietions of plant equipment, no changes to
operational logic or control schemes, and no changes to operating procedures or
maintenance activities. Therefore, there are no equipment changes, no control scheme
changes and no procedural changes which could initiate a new or different kind of accident.
d)

Safety Assessment, Startup

At startup conditions, the design basis CRDA is the postulated mechanism for fuel damage.
For a design basis CRDA to exceed fuel damage limits, the event must occur within a
narrow range of operating conditions. A probability study performed by the NRC staff
(Reference 1) demonstrated that the probability of a CRDA exceeding the NRC acceptance
reactor year, which is much less than the acceptance
criteria of 280,cal/gm is
criterion of 10~ per reactor year. In addition, Brookhaven National Laboratory studies have
demonstrated (Reference 2) that using realistic assumptions regarding moderator reactivity
feedback for zero power CRDAs, the peak deposited enthaipy for a control rod worth of

10'er

1.5% delta K is about 130 cal/gm which is less than the 170 cal/gm fuel failure threshold.
Typical control rod worths for Susquehanna are approximately 1.0 to 1.3% delta K using
conservative assumptions regarding inoperable control rods. Therefore, the occurrence of a
design basis CRDA is very remote, and the results of the event are not expected to result in
fuel failure.

The effect of raising the trip setpoint on the capability of the MSLRM's to trip in response to
gross fuel degradation was assessed. The mechanism for fuel damage would be a CRDA,
which would produce a burst release. General Electric performed a calculation which
concluded that the analytical limit for the proposed setpoint (30X normal water chemistry
background) corresponded to the burst failure of 30 rods or 0.05% of the core. By
comparison, 1000 9x9, power uprated rods are assumed to fail in the DBA CRDA, or 1.7%
of the core. Raising the setpoints does not significantly reduce the sensitivity of the
MSLRM's to alarm and initiate actions in response to significant fuel degradation from the
design basis control rod drop event.

There would be no delay in the alarm and trip functions as a consequence of raising the
setpoint. The transport time of the activity to the monitor and to the condenser is not
changed, since it is controlled by the steaming rate. For the design basis source term for the
CRDA, radiation from fission product activity in the steam would greatly exceed both the
current and proposed setpoints. A MSLRM trip would occur which would produce a
shutdown and isolation of the mechanical vacuum pump (if running), containing the activity
The subsequent release would be by leakage from the condenser, as
in the condenser.
assumed in the design basis CRDA. Therefore, raising the trip setpoint will not result in an
incremental increase in activity release, control room dose or offsite dose for the design
basis CRDA.

I

I

~

i

~

~
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Calculations were performed to determine the offsite and control room dose consequences
of a postulated burst release from 30 rods as described above, assuming that the MSLRM
did not trip. In this event, the condenser would not be isolated immediately. The offsite dose
consequences would depend on whether the condenser vacuum was being maintained by
the steam jet air ejectors (SJAE) or the MVP. This postulated event was evaluated to better
understand the potential impacts of raising the setpoint.

If the SJAE's were in service, the operator would observe an increase in radiation level and
would receive alarms from the MSLRM's and the offgas system pre-treatment radiation
monitors, and eventually from the turbine building vent activity monitors. As long as the
offgas system remained in service, iodine and particulate activity would be retained by
activated carbon and filters, and noble gas activity would be limited by holdup and decay. If
the decision were made to shut down offgas, the condenser would be isolated.
Consequently, offsite dose would result from condenser leakage to the environment via the
turbine building vent. The doses would be a small fraction of those estimated for the design
basis CRDA because the number of failed rods is small (3% of the design basis source
term) and a portion of the release would be contained by the offgas treatment system.
If the MVP were in operation, the operator would observe increased radiation levels and
receive alarms from the MSLRM's and the turbine building vent activity monitors. Offsite
release would begin immediately because the MVP discharge goes directly to the turbine
building vent, bypassing the offgas treatment system. This release would be monitored by
the turbine building vent activity monitors. The release would continue until either the
activity inventory in the condenser is exhausted or the operator takes action to shut down
the MVP, after which release would be by leakage from the isolated condenser.
To bound possible consequences, General Electric Company performed a calculation to
determine the offsite and control room doses from a 30 fuel rod failure with the MVP in
operation. The calculation used design basis assumptions for fission product release and
transport, a mechanical vacuum pump (MVP) condenser extraction rate equal to the design
capacity of the pump (3600 ACFM); a minimum condenser volume and the highly
conservative assumption that the operators fail to respond to the SPINGS or MSLRM
alarms. Calculated results for this analysis, presented on Table 1, show that 2-Hour
Exclusion Area Boundary doses and 30-Day Low Population Zone doses are below the
regulatory acceptance criteria of 25% of 10CFR100 limits for the design basis CRDA.
Control room doses are small and well below 10CFR50 limits.
General Electric Company performed another calculation to determine offsite and control
room doses under more realistic operational conditions. This calculation also used design
basis assumptions for fission product release and transport. A more realistic condenser
free volume was specified. Operational data was reviewed to determine an enveloping
extraction rate from the condenser when the reactor was critical with the mechanical vacuum
pump in operation. That rate was 1461 ACFM, or -46% of the pump rating. The postulated
scenario was reviewed against alarm and off-normal operating procedures. These reviews
supported an operator response time of <30 minutes to shutdown the mechanical vacuum
pump after receiving alarms from the main steam line radiation monitors and the turbine
building vent radiation monitor. The results indicate that doses would be approximately onefourth of those calculated by the more conservative analysis discussed above. The results
are summarized in Table 1.
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As noted above, design basis assumptions for activity transport were assumed in these
calculations. For iodine transport (which produces the thyroid dose), these assumptions are
highly conservative. From Reference 3, the expected volatility of iodine activity to reactor
steam is s2.5%, compared to the design basis assumption of 10%. From the same
reference, the iodine partition factor in the condenser is >100 (less than 1% of the total input
goes to offgas). The design basis assumption is a partition factor of 10 (10% to offgas). The
mechanical vacuum pump uses water as the liquid compressant for extracting gases from
the condenser. The water in the pump and in the downstream water separator will provide
additional washing of the offgas, further reducing iodine activity. The realistic iodine release
and dose for this postulated event will be much smaller than calculated. Therefore, thyroid
doses are expected to be substantially lower than the estimates in Table 1.
In summary, the dose consequences of a burst release from the fuel that is below the trip
setpoint of the MSLRM will be small. The quantity of activity released from the fuel is much
less than that assumed for the design basis CRDA. If the SJAE are being used to maintain
condenser vacuum, the activity will either be processed through the offgas treatment system
or will be released by slow leakage from an isolated condenser. The dose consequences
from a small burst release with the MVP in service will depend on the condenser evacuation
rate, effective free condenser volume, and the amount of time the control room operator
takes to limit the release by shutting the MVP down in accordance with existing procedures.
Conservatively calculated offsite doses, using design basis and highly conservative
assumptions with no action to limit release, are below the regulatory acceptance criteria for
the design basis CRDA, and control room doses are well below 10CFR50 limits.
Realistically the doses would be much lower.

e)

Emergency Plan Impact Assessment

The impact of raising the MSLRM trip setpoint on the Emergency Plan and its implementing
procedures was assessed. Potentially impacted areas include the description of the CRDA
in the Emergency Plan and Emergency Category 3, Fuel Clad Degradation. For the design
basis CRDA, the proposed change does not increase the calculated offsite dose
'These values are well below the Protective Action Guidelines of the
consequences.
Emergency Plan. Therefore, the current direction in EAL¹ 3.2 to declare an ALERT following
a main steam line radiation monitor trip is still appropriate. A small fuel burst event below the
trip setpoint with the MVP in operation would be detected and mitigated under existing plant
procedures. If necessary, the Emergency Plan would be entered under Emergency
Condition 15, Radiological Effluents. Using realistic evaluation assumptions this event is not
expected to cause doses that would exceed Protective Action Guidelines and no changes
Therefore, the
are required to the emergency plan or its implementing procedures.
effectiveness of the Emergency Plan is not degraded by this revision.

\~

ATTACHMENT1 TO PLA-4822
Page 10 of 12

Table

1

30 FUEL ROD FAILURE w/ MVP OPERATION - RADIOLOGICALCONSE UENCES

lanca
Limits

~Aces

OI

LOCATION/ UANTITY

Bounding
sls

'Anal

Realistic
sls

DBAI3>
'Anal

CRDA

Regulatory
Limits

2-Hour Exclusion Area Boundary
Whole Body Dose (Rem)
Thyroid Dose (Rem)

0.098

34

0.87
8.2

0.020
0.19

0.0051

s 75

0.067
0.82

c 5

0.022

s30
s30

0.14
0.40

0.0058
0.032

N/A
N/A
N/A

6

2.9

s 75

1.7

30-Day Low Population Zone

Whole Body Dose (Rem)
Thyroid Dose (Rem)

6

0.25

30-Day Control Room

Whole Body Dose (Rem)
Thyroid Dose (Rem)
Beta Dose (Rem)

0.11

s

"'0 fuel rods fail, MVP runs continuously, design extraction rate, minimal condenser volume
@
~

2)

30 fuel rods fail, MVP runs 30 minutes, observed extraction rate, realistic condenser volume
Design Basis CRDA: 1000fuelrodsfail, no MVP operation, 1% perday leakage from condenser

Move/relocate Explosive Gas Mixture LCOs, Surveillance's, and Bases to TS Section 6.0
and controlled documents.

The preface to NUREG 1433 describes the development of the Standard Technical Specifications
(STS) for General Electric (GE) BWR/4 plants. This NUREG is the result of extensive public
technical meetings and discussions between the Nuclear Regulatory Commission (NRC) staff and
nuclear power plant Licensees, Nuclear Steam Supply System (NSSS) Owners Groups, specifically
the GE Owners Group, and the Nuclear Energy Institute (NEI). PP8L proposes to adopt related
requirements, as applicable to the licensing basis of the facility, of the portions of the STS to
improve the degree of standardization and consistency.
Relocating current TS Limiting Condition of Operation (LCO)/Surveillance Table 3.3.7.11-1/4.3.7.11Bases for "Main Condenser Offgas Treatment System Explosive Gas Monitoring
1 and associated
System" requirements is also consistent with the guidance of NRC Generic Letter (GL) 95-10

q P

~

~
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"Relocation of Selected Technical Specifications Requirements Related to Instrumentation". The
justification for relocation found in GL 95-10 states in part "the explosive gas monitoring
instrumentation requirements address detection of possible precursors to the failure of a waste gas
system but do not prevent or mitigate design basis accidents or transients which assume a failure of
or present a challenge to a fission product barrier". Therefore, the requirement related to explosive
gas monitoring instrumentation does not conform to the 10 CFR 50.36 criteria for inclusion in the
Technical Specifications. The current TS index will also be revised to reflect changes.

with GL 95-10 PPBL will relocate the Main Condenser Offgas Treatment System
Explosive Gas Monitoring System requirements to FSAR Section 16.3 (Technical Requirements
Manual (TRM)) and procedures and use the 10 CFR 50.59 program to control changes. This will
ensure that NRC review and approval will be requested for changes exceeding the regulatory
threshold (e.g., an unreviewed safety question). This proposed change will reduce the resources
spent by PPB L and the NRC staff in amending requirements not required to be included in TS. The
existing offgas hydrogen monitoring system will be upgraded by the Hydrogen Water Chemistry
project. The FSAR Section 16.3 (TRM) and procedures will be revised to reflect the changes prior
to HWC implementation.
In accordance

Technical Specification (TS) LCO/Surveillance 3.11.2.6/4.11.2.6 "Explosive Gas Mixture" and
associated Bases will be moved/relocated to new TS Section 6.8.6 "Explosive Gas Monitoring
Program" and to the FSAR Section 16.3 (TRM) and procedures. The Explosive Gas Mixture
description contained in LCO/Surveillance 3.11.2.6/4.11.2.6 and associated bases will be moved
and retained in TS Section 6.0 "Administrative Controls" in accordance with STS. The LCO specific
limit and program details will be relocated to the FSAR Section 16.3 (TRM) and procedures, any
changes will be controlled by the 10 CFR 50.59 process. The proposed TS change including the
program wording is consistent with STS. This proposed change will reduce the resources spent by
PPB L and the NRC staff in amending program detail requirements not required to be included in TS.
Modifications to the offgas systelri and revisions to the Explosive Gas Monitoring Program will be
required to implement Hydrogen Water Chemistry (HWC). As presently designed, the offgas
system will automatically isolate itself from the main condenser by closing the Offgas inlet valves to
the first stage SJAE ejectors when the hydrogen analyzers on the recombiner condenser outlet detect
> 2% by volume (Hi-Hi hydrogen setpoint). This is intended to preclude the formation of explosive gas
mixtures in the downstream offgas treatment system. The setpoint is half of the lower flammability limit
for hydrogen in air (4%), which is the Susquehanna Technical Specification limit.
This design is one acceptable approach to eliminating the potential for release of activity to the
environment as a consequence of a hydrogen explosion in the offgas treatment system. The other
acceptable approach is to design the system to contain a hydrogen explosion. PPB L is committed to
Branch Technical Position (BTP) ETSB No. 11-1 (rev.1) "Design Guidance for Radioactive Waste
Management Systems Installed in Light-Water Cooled Nuclear Power Reactor Plants" which did not
address requirements for explosive mixtures in gaseous radioactive waste systems. Subsequently,
The BTP was superseded by Regulatory Guide (RG) 1.143. This RG was revised in October of
"
"
1979 to address this concern. RG 1.143 Rev.1 Section 2 Gaseous Radwaste Systems" states If
the potential for an explosive mixture of hydrogen and oxygen exists, adequate provisions should be
made to preclude buildup of explosive mixtures, or the system should be designed to withstand the
effects of an explosion".
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To confirm whether or not the offgas system is hydrogen "detonation proof", GE and PP8L have
completed evaluations that are described in Attachment 4. In summary, GE's analysis of the
Susquehanna offgas system, including the hydrogen and oxygen analyzers, showed by calculation
that the pressure boundary is either capable of withstanding multiple hydrogen detonations or the
system is designed to preclude the existence of a detonable gas mixture. PP8L has reviewed and
concurs with GE's evaluation. Therefore, there is no need for automatic isolation to preclude
explosive gas mixtures. Hydrogen monitoring and corrective actions are still required. Existing
capabilities for hydrogen monitoring will be retained. Operating procedures will be modified in
accordance with GE SIL's to provide guidance for responding to high hydrogen alarms, and
appropriate revisions will be made to the FSAR and other controlled documents. Note: The
operators retain the ability to isolate the system if required.
In summary, upon NRC concurrence of the changes to the design basis and to technical
specifications, PP8L intends to remove the current automatic isolation of offgas upon detection of
high hydrogen downstream of the recombiner under 10CFR50.59. This will reduce the potential for
plant shutdowns due to loss of condenser vacuum. It will also eliminate the risks from trapping gas
containing high concentrations of hydrogen in the systems in the event of a loss of oxygen feed.
Appropriate revisions will be made to the Explosive Gas Monitoring Program in conformance with
STS Section 5.5.8.

Consistent with these factors, the NRC has approved similar amendments incorporating the above
changes. Amendment Nos. 210 and 214 dated December,26, 1995 to Facility Operating License
No. DPR-22 and DPR-14 for the Peach Bottom Nuclear Units implemented similar program
revisions.
CONCLUSION
As discussed above, PP8L concludes that the proposed changes to Technical Specification Index,
Section 2.2, "Limiting Safety System Settings", Section 3/4.3.2 "Isolation Actuation Instrumentation",
Section 3/4.3.7 "Monitoring Instrumentation", and Section 3/4.11.2 "Gaseous Effluents", the
applicable associated bases and Section 6.0 "Administrative Controls" are safe and justified. These
changes will allow use of HWC, thereby helping to mitigate the effect of IGSCC on safety related
vessel reactor internal components. Adoption of appropriate STS and other generic guidance
wording and content ensures standardization and consistency with industry practices.
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NO SIGNIFICANT HAZARDS CONSIDERATION

Pursuant to 10 CFR 50.92, PP8L has reviewed the proposed changes and concludes that the
changes do not involve a significant hazards consideration (SHC) since the proposed changes
satisfy the criteria in 10 CFR 50.92(c). That is, the proposed changes do not:

Involve a significant increase in the probability or consequences
previously evaluated.

of an accident

No Design Basis Event requiring functioning of the Main Steam Line Radiation monitors is
defined in the FSAR. FSAR Section 7.2.1.1.4.2.(i) describing Main Steam Line Radiation
monitoring states that for accidents resulting in gross fission product release "the primary
variables for trip initiation would be reactor vessel low level, reactor vessel high pressure, or
high neutron flux". Because the Main Steam Line Radiation Monitors trip function is not
used in any accident analyses this proposed setpoint change does not involve an increase
in the probability or consequences of an accident previously evaluated.
In conformance to SRP 15.4.9, the analysis of the design basis CRDA assumed release of
activity by leakage from an isolated condenser. As described in the FSAR, the main steam
line radiation monitors will shut down the mechanical vacuum pump if operating and close its
suction valves, thus isolating the condenser in the event of a Main Steam Line - High
Radiation trip. Operation of the mechanical vacuum pump following burst failures of fuel rods
evaluated to better
insufficient to cause a main steam line radiation monitor trip was
Doses calculated under
understand the potential impacts of raising the setpoint.
conservative conditions were small compared to the acceptance criteria for offsite dose of
25% of 10CFR100 limits for offsite dose for the CRDA and 10CFR50 limits for control room
dose.

Relocation of the Main Condenser Offgas Treatment System Explosive Gas Monitoring
System requirements to the FSAR Section 16.3 (Technical Requirements Manual (TRM))
and procedures involves the use of an alternate regulatory process for controlling the
instrumentation requirements. The change does not introduce any new modes of plant
operation, make any physical changes, alter any operational setpoints, or change the
surveillance requirements. Any change in the Main Condenser Offgas Treatment System
Explosive Gas Monitoring System requirements would be evaluated pursuant to the
requirements of 10 CFR 50.59.

The Technical Specifications, the Explosive Gas Mixture description contained in
LCO/Surveillance 3.11.2.6/4.11.2.6 and associated bases will be moved and retained in TS
Section 6.0 " Administrative Controls". The LCO specific limit and program details will be
relocated to the FSAR Section 16.3 (TRM) and procedures and any changes controlled by
the 10 CFR 50.59 process. Therefore, this change does not involve an increase in the
probability or consequences of an accident previously evaluated.

t
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These proposed changes to Technical Specifications do not require physical changes to
instrument channels other than the Main Steam Radiation Monitor setpoint, or to any
systems or component that interfaces with the instrumentation channels, therefore there is
no change in the probability or consequences of any accident analyzed in the FSAR.
Finally, revising the TS index is an administrative change.
2.

Create the possibility of a new or different kind of accident from any accident
previously evaluated.
The proposed Main Steam Line Radiation setpoint change does not result in any design or
physical configuration changes to the instrumentation channels. Operation incorporating the
proposed change will not impair the instrumentation channels from performing as provided
in the design basis.
Relocation of the Main Condenser Offgas Treatment System Explosive Gas Monitoring
System requirements to the FSAR Section 16.3 (TRM) and procedures involves the use of
an alternate regulatory process for controlling the instrumentation requirements. Therefore,
the above change does not introduce any accident initiators as it does not involve any new
modes of plant operation, make any physical changes, alter any operational setpoints, or
change the surveillance requirements.

The Technical Specifications, the Explosive Gas Mixture description contained in
LCO/Surveillance 3.11.2.6/4.11.2.6 and associated bases will be moved and retained in TS
Section 6.0 "Administrative Controls". The LCO specific limit and program details involves
the use of an alternate regulatory process for controlling the requirements.
Since the proposed changes to the Technical Specifications do not adversely impact the
reliability of the safety required systems, no new or different kind of accident is created.
3.

Involve a significant reduction in a margin of safety.
Raising the trip setpoint does not significantly reduce the sensitivity of the MSLRM's to alarm
and initiate actions in response to gross fuel failures during power operation or to the design
basis control rod drop accident. The source term assumed for the design basis CRDA
greatly exceeds that required to initiate the main steam line high radiation trip. Raising the
setpoint does not induce a delay in reaching the setpoint that would result in an increase in
offsite dose from the design basis control rod drop accident. The delay time from fuel failure
to monitor response is determined by the transport time for steam flow from the reactor
vessel to the monitor location, which is not changed by either hydrogen water chemistry or
Consequently, raising the trip setpoint will not result in an
by the monitor setpoint.
incremental increase in activity release, control room dose or offsite dose. Therefore, there
is no reduction in the margin of safety for the design basis event.

The radiological consequences of small fuel rupture events, that would produce main steam
line radiation levels below the proposed trip setpoint, are not significant. These postulated
events were evaluated to better understand the potential impacts of raising the setpoint. The
potential offsite doses from such an event, in the absence of a trip, would be small
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compared to the limits of 10CFR50 for control room dose and to the acceptance criteria of
25% of 10CFR100 limits for offsite dose from the design basis CRDA.
Relocation of the Main Condenser Offgas Treatment System Explosive Gas Monitoring
System requirements to FSAR Section 16.3 (TRM) involves the use of an alternate
regulatory process for controlling the instrumentation requirements. Any change in the Main
Condenser Offgas Treatment System Explosive Gas Monitoring System requirements would
be evaluated pursuant to the requirements of 10 CFR 50.59. Also, revising the TS index is
an administrative change.

The Explosive Gas Mixture description contained in LCO/Surveillance 3.11.2.6/4.11.2.6 and
"
associated bases will be moved and retained in TS Section 6.0 Administrative Controls".
The LCO specific limit and program details will be relocated to the FSAR Section 16.3
(TRM) and procedures and any changes controlled by the 10 CFR 50.59 process.
Therefore, the proposed change does not involve a significant reduction in a margin of
safety.

ENVIRONMENTALCONSE UENCES
An environmental assessment is not required for the proposed change because the
requested change conforms to the criteria for actions eligible for categorical exclusion as
The requested change will have no impact on the
specified in 10CFR51.22(c)(9).
environment. The proposed change does not involve a significant hazards consideration as
discussed above. The proposed change does not involve a significant change in the types
or significant increases in the amounts of any effluent that may be released offsite. In
addition, the proposed change does not involve a significant increase in the individual or
cumulative occupational radiation exposure.

