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2.0 QQ&LLIAILMENELAﬁI,COMEAB;&QN OF SHEARON HARRIS
CANYON UNIT 1

as3 Plant system Comparison

This section qualitatively compares the systems and equipmen

affect natural circulation of the Shearon Harris Nuclear Pl

a
those of Diablo Canyon Unit 1 in gsufficient detail to evalua

systems' natural circulation, boration, cooldown an

depressurization capabilities.

The general £ ] ] of the pipi!
reactor cocla the same

Canyon. However, Shearon Harris has
Diablo Canyon has four. Each heat transf

ganerator (SG) and a reactor coolant

RCP while the Shearon Harris design
model 93Al1, 7000 horsepower RCP.
ressurizer. With
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pressurizer spray
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not available. If both the normal and auxiliary spray capabilities
are unavailable, the pressurizer Power Operated Relief Valves
(PORVs) are normally available at eazh plant for RCS
depressurization. At Shearon Harris, the pressurizer PORV controls
are not qualified and thus the PORVs are not available for RCS
depressurization under the assumptions of BTP RSB 5-1. However,
while the pressurizer auxiliary spray valve at Shearon Harris is
designed to fail closed upon a loss of air, the valve can be
operated by utilizing a pressure regulated portable compressed gas
supply. Credit can be taken for operator action in providing a
local hook-up of this system. This portable setup then provides a
qualified means for RCS depressurization.

2.1.2 Auxiliary Feedwater System

The auxiliary feedwater systems at both Diablo Canyon and Shearon
Harris are capable of supplying cooling to all steam generators
using the auxiliary feedwater pumps during the natural circulation
cooldown. Each plant incorporates two motor driven pumps and one
turbine driven pump. With Diablu Canyon having four heat transfer
loops, each motor driven pump is capable of supplying auxiliary
toodwator to two steam generators. In comparison, Shearon Harris
has the capability to feed all three steam generators from either
motor driven pump. At both plants, the turbine driven pump has the
capability of supplying wate. co all steam generators. Throttling
capability is available at both plants to maintain adequate
secondary inventory control.

The primary auxiliary feedwater supply to the steam generators is
provided by the Condensate Storage Tank (CST) at both Diablo Canyon
and Shearcn Harris. The auxiliary feedwater system at Shearon
Harris is capable of supplying a deacrated water source from the
seismic Category 1 CST (417,000 gallon working capacity) to permit 4
hours of operation at hot standby plus cooldown to RHR initiation
conditions. A backup seismic Category 1 source for the Auxiliary
Feedwater System is also available at Shearon Harris from the
Emergency Service Water System.
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effect the natural circulation flow rate. Therefore,
concluded that there are no significant differences in
generator units between the two plants that would adver

the natural circulation flow characteristics for Shearor

further compare the natural circulation flow capabilities

ron Harris and Diablo Canyon, the hydraulic resista
icients of system piping were also compared.
generated on a per loop basis. The hydraulic
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affected by the RCP flow resistance. The overall hydraulic flow
coefficient for Shearon Harris is lower than that of Diablo Canyon
resulting in an increased natural circulation flow rate capability.

If the effect of the increased natural circulation driving head (7 to
12%) for Diablo Canyon Unit 1 and the lower overall piping
resistances for Shearon Harris are factored together, the total
hydraulic flow ratio would decrease to approximately 1.01.

Therefore, the natural circulation loop flowrate for Shearon Harris
is expected to be nearly the same as that for Diablo Canyon. The
differences in reactor power and decay heat levels between the two
plants are not expected to alter this conclusion.

2.2.2 Boron Mixing

The Diablo Canyon boron mixing test evaluation demonstrated adequate
boron mixing under natural circulation conditions when highly borated
water at low temperatures and low flowrates (relative to RCS
temperature and flowrate) was injected into the RCS. It also

evaluated the time delay associated with boron mixing under these
conditions.

The acceptance criterion for this phase of the Diablo Canyon test was
that RCS hot legs (loops 1 & 4) indicate that the active portions of

the RCS were borated such that the boron concentration had increased
by 250 ppm or more.

Boror injection was conducted at the Diablo Canyon test using the
20,000 ppm boron solution contained in the boron injection tank
(BIT). The BIT's contents were flushed into the RCS and, within 12
minutes, natural circulation had provided adequate mixing to increase
the boron concentration in the RCS by 340 ppm. Following injection,
makeup to the Volume Control Tank (VCT) was set to provide 2000 ppm
beron. This simulated suction of the charging pumps aligned to the
RWST. The charging pump discharge was aligned to provide seal
injection flow to each RCP and charging flow to one RCS loop. This

-11l=-
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inventory control. Addressing a single failure in these systems
results in one steam generator not being available for plant cooldown
since steam release from the steam generator may not be available.
The unavailacility of one SG will maximize the time required to cool
the RCS to RHR cut-in temperature. The unavailability of one of the

three steam generators due to a single failure is also reflected in
Table 3~-1.

1o define appropriate operator strategies necessary to achieve safe
shutdown using only the systems available under the BTP RSB 5-1
assumptions, the above operator functions have been assessed to
determine how they are performed. A review of Table 3-1 indicates
that the functions of secondary inventory and secondary pressure
control can be performed by the operator using available equipmenrt in
a manner similar to a normal natural circulation cooldown. However,
the operator functions of controlling RCS boron concentration, RCS
inventory, RCS pressure and RCS temperature must differ to various
extents from a normal natural circulation cooldown due to the
unavailability of normal operational systems and egquipment e.g.,
letdown and charging, reactor makeup control system, pressurizer
heaters, Control Rod Drive Mechanism (CRDM) fans, etc.).

The initiating event for the cold shutdown scenario is assumed to be
a reactor trip with concurrent loss of offsite power and associated
RCP trip. To establish the worst case scenario, the reactor core is
assumed to be operating at 102% power with BOL equilibrium xenon
conditions prior to the initiating event. These conditions were
chosen as being conservative as a result of the larger heat removal
requirements, greater boron concentration increase needed for cold
shutdown conditions and their subsequent impact on the hot standby
and cooldown periods. The operator will respond to the reactor trip
by establishing hot standby conditions. Having accomplished this,
the operator will determine when a natural circulation cuoldown can
be performed. For the worst case scenario, a natural circulation
cooldown will be initiated at four hours (assuming a four-hour hot
standby period prior to cooldown initiation as described in the
Shearon Harris FSAR) after reactor trip. The operator response



strategy to achieve cold shutdown conditions for the worst case cold
shutdown scenario with the minimum set of available systems and
equipment ie discussed below on an operator function basis. As
requ.>.a by BTP RSB 5-1, this operator response strategy addresses
single failures and the unavailability of normal operational systems
and equipment, such as letdown and excess letdown, normal charging,
the rcactor makeup control system, pressuri;er heaters and CRDM fans.

3.1 Secondary Pressure Control

Plant and operator response to control secondary pressure will be
similar to a normal reactor trip with natural circulation cooldown.
Following the trip, the steam generator PORVs or safety valves will
open uvpon demand to relieve steam and dissipate reactor core decay
heat. Immediately following the trip, secondary pressure will be
controlled ry the steam generator PORVs or safety valves.

Upon initiat.ng natural circulation cooldown, the operator will
control the :vailable steam generator PORVs to reduce SG pressures
and RCS temperutures. By controlling the SG PORVs, RCS temperatures
will be reduced to Residual Heat Removal (RHR) system initiation
temperatures. Following RHR system initiation, the SG PORVs will be
used periodically %o coel the U-tube portion of the steam generators.

3.2 Secondary Inventory Control

Plant and operator response to control secondary inventory will be
similar to a normal reactor trip with natural circulation cooldown.
Immediately following the trip, steam voids in the secondary side of
the steam generators will collapse and the SG inventory will shrink.
The Auxiliary Feedwater (AFW) system will be automatically started to
provide makeun to the steam generators. The operator will control
auxiliary feec'water to ensure tnat total AFW flow is greater than the
minimum required for heat removal or that steam generator inventory
is above a minimum level. Once minimum level is established, the
operator will control inventory to maintain SG levels throughout the
hot standby and cooldown operations to cold shutdown conditions.
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4.0 THERMAL/HYDRAULIC ANALYSIS OF COLD SHUTDOWN SCENARIO

As part of the requirements of BTP RSB 5-1, all Class 2 plants must
demonstrate the ability to achieve cold shutdown conditions from full
power operation by utilizing only safety-grade equipment and assuming
credible single failures. This may be demonstrated via actual plant
testing or through comparison with previously performed tests for
similar plants (i.e., the Diablo Canyon natural circulation cooldown
and boron mixing test). For Shearon Harris, a two part approach will
be utilized to demonstrate compliance with BTP RSB 5-1, First,
Section 2.0 details a Shearon Harris plant comparison to Diablo
Canyon. This portion qualitatively demonstrates the similarity of
key plant parameters such that the conclusions of the Diablo Canyon
natural circulation test are applicable to Shearon Harris. Second,
this section details an actual analysis simulation which demonstrates
the capability of the Shearon Harris plant to attain cold shutdown
conditions in a worst case scenario. This two part approach will
demonstrate Shearon Harris compliance with BTP RSE 5-1 via plant
comparison and transient simulation in lieu of an actual plant test.

The Westinghouse proprietary Transient Real-Time Engineering Analysis
Tool (TREAT) computer code was used o perform the thermal hydraulic
analysis of the Shearon Harris natural circulation cold shutdown
scenario. The worst-case scenario to be simulated was defined in
Section 3.0. The transient simulation will be discussed in this
section.

4.1 TREAT Model Description

TREAT is a real-time, interactive, two-phase, nonegquilibrium,
nonhomogeneous, thermal-hydraulic network code. The netwerk consists
of a system of nodes connected by flow links. Each node may contain
two separate regions: a steam region and a mixture region. The
regions are separated by a moving interface. Properties in each
region are solved independently by using two mass and two energy
ccnservation egquations. The mass equations are solved explicitly,
and the energy equations are solved using a predictor/corrector




method. In conjunction with the corrector part of the solution, a
global pressure is found which conserves global volume. Although
overall system volume is conserved, the fluid in an individual node
might not occupy the same volume as the physical node. This local
volume error is coupled to the momentum equation using the
dual-variable method to obtain the volumetric flow in each flow

link. By applying drift flux correlations, the total volumetric flow
is separated into vapor and liquid flows.

The TREAT pressurized water reactor (PWR) system includes models for
neutronics, heat transfer, automatic controllers, plant protection
systems, boundary flows, and reactor coolant pumps (RCPs). The
neutronic models compute the axial flux, power, and fission product
distributions in the core. The heat transfer models compute core anrd
steam generator (SG) heat transfer, as well as conduction=limited,
thick metal heat transfer. The simulated controllers for reactor
power, pressurizer pressure, pressurizer level, steam/feed flow, and
SG level all operate automatically in response to changes in load
demand; they may aiso be placed under manual control. The Reactor
Protection System (RPS) monitors the reactor trip, SI actuation,
turbine trip, steamline isolation, feedwater isolation, letdown
isolation, and auxiliary feedwater actuation setpoints. The RCP
model uses a four-gquadrant homclogous curve to compute the pump

head. The boundary flow models either automatically control or allow
the user to manually adjust the SI, charging, letdown, pressurizer or
SG power-operated relief valve (PORV), and spray flows. Detailed
descriptions of the TREAT model are provided in Reference 5.

TREAT has been used extensively in the development of the
Westinghouse Owners Group (WOG) Emercency Response Guidelines (ERGs)
as well as plant spe~‘fic Emergency Operating Procedures (EOPs) .
TREAT was also used to perform a safety grade cold shutdown and long
term cooling scenario simulation for the South Texas plant. The
results of these simulations were submitted to the NRC staff for
review. Subsequently, the staff has approved the use of the TREAT
cold shutdown simulation in the resolution of the RSB 5-1 issue for

25



the South Texas project (Reference 6). The same methodology is used
in the analysis of the Shearon Harris natural circulation cold
shutdown simulation.

Also, note that as part of the validatior. of TREAT for such a
cooldown scenaric, a berchmark analysis (Reference 7) was made for
the Diablo Canyon natural circulation cooldown and boron mixing test
of March 28-29, 1985 (using a Diablo Canyon specific TREAT model).
This analysis demonstrated that TREAT adequately predicted the kay
elements that are important for the natural circulation cooldown
scenario. These include proper mixing of boron in the RCS, cooldown
of the upper head metal and fluid, and the correct natural
sirculation delta=T (i.e., Thot-Tcold). TREAT has been determined to
be an appropriite code to accurately predict the thermal hydraulic
response of such cooldown scenariocs.

For the Shearon Harris natural circulation cold shutdown scenario, a
plant-specific TREAT input deck that explicitly models each of the
three Shearon Harris loops was set up. Also, Shearon Harris specific
core power, RCP model, temperatures, reactor protection system,
charging flow and steam generators were modeled. The control systems
modeled include pressurizer level, pressurizer pressure, SG level and
SG pressure. Table 4.3-1 summarizes the important parameters
simulated in the Shearon Harris TREAT model.

4.2 Qperational Input to Transient Analysis

A worst case cold shutdown scenario that complies with the guidelines
set forth in Branch Technical Position RSB 5-1 was defined in Section
3.0 by careful evaluation of operator functions and plant egquipment
availability status. The analysis of this natural circulation celd
shutdown scenario requires a number of unigue analysis requirements.
These are identified in Table 4.2-1 and result from the
unavailability of pressurizer heaters, pressurizer PORVs, CRDM fans,
letdown, charging and 1 of 3 steam generaters for cooldown
operations. This worst case cold shutdown scenarioc was simulated
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4.2.1 Hot Standby Period

This period includes the transient initiation and the subsequent
operator rasponse to plant trip. Operator actions are necessary to
maintain the plant in hot standby mode while preparations are made to
initiate the RCS cooldown. Per the requirements of BTP RSB 5-1, the
hot standby period will be maintained for four (4) hours.

To control the plant in the hot standby mode, the operator will
monitor plant parameters and perform actions to maintain plant
parameters within acceptable 1imits. Due to the loss of offsite
power, the main feedwater pumps are tripped and a motor-driven
auxiliary feedwater pump is automatically sequenced on to the diesel
generators. The turbine-driven AFW pump also receives a start signal
and has the capability of supplying AFW flow to the steam
generators. However, only the flow from one motor driven auxiliary
pump was assumed to be available since this represents the bounding
scenario with respect to secondary decay heat removal. Once the
operator has verified that auxiliary feed flow from the motor driven
pump has been initiated, the flow should be controlled to maintain
the secondary narrow range levels in the 10-50% range. Steam
generator iscolation will be accomplished by main steam isolation
valve(s) closure.

Primary parameters to be monitored during the hot standby period
include RCS pressure, pressurizer level, RCS subcocoling and RCS
shutdown margin. The RCS pressure should be controlled such that the
low pressurizer pressure safety injection setpoint is not reached.
Also, the pressurizer level should be maintained in an appropriate
range to avoid uncovering the heater banks or filling the pressurizer
with water. Adeqguate RCS subcooling should be verified during the
hot standby period to avoid any unwanted hot spots in the RCS.
Finally, although the RCS shutdown margin is adequate at this time
and throughout the early portion of the transient, action should be
taken to verify the operability of the Boric Acid Tank (BAT).
Boration should be initiated an the end of the hot standby period



(before the RCS cooldown) if normal charging is available. Should
only the RCP seal injection paths be used, boration should be
initiated as soon as pessible during the hot standby pericd.

4.2.2 RCS Cooldown Period

Following the 4-hour hot standby period, the RCS cooldown should be
started. This will be accomplished by relieving stean through the
PORVs on the two intact steam generators. Based on the RCS
conditions and available equipment, the operator must choose an
initial RCS cooldown rate. For a Tcold plant such as Shearon Harris,
the maximum cooldown rate is 50°F/hr (see Section 3.6). However,
constraints on RCS makeup may limit the KRCS cooldown rate to less
than 50°F/hr. Also, the constant RCS makeup rate (seal injection)
and the RCS shrink due to the cooldown are competing effects “'ith
respect to RCS inventory. Since the seal injection rate is constant
throuchout the transient, the RCS cooldown rate (i.e., shrink) may be
varied, if necessary, during the cooldown period to control
pressurizer level and RCS pressure (RCS subcooling).

The safety injection signal should be blocked sometime in the early
stages of the cooldown period. Therefore care should be taken so as
not to have the RCS pressure decrease below the low pressurizer
pressure safety injection setpoint while attaining appropriate hos
leg temperatures. The combination of decreased hot leg temperatures
and RCS pressure near 2000 psia will assure adequate RCS subcooling
pricr to blocking SI. Once SI is blocked, the RCS pressure will not
be bounded oy the low pressurizer pressure SI setpoint and the
cooldown should be continued to the RHR cut=-in temperature. As
mentioned previously, the RCS cooldown and seal injection are
competing effects with respect to RCS inventory. Therefore, the
conldown rate should be balanced such that pressurizer level is
maintained in an operable range (i.e., between full and uncovering
the heater banks) during the cocldown period.

Boration should be started or continued during this period to ensure
that the RCS boron requirements (as a function of RCS temperature)

are maintained during the cooldown period. Should there be



difficulty in maintaining adequate RCS boron requirements, the
cooldown may have %o be stopped and the RCS borated to attain
adequate shutdown margin. RCS shutdown margin should be monitored
throughout this period to ensure adequate boration and to determine
when the cold shutdown boren requirements are attained.

The RCS subcooling margin should be monitored to assure that no hot
spots develop in the RCS. Also, since no thermocouple is located in
the top part of the upper head region, RCS pressure must be used as
an indicator of the potential to draw a bubble in the reactor vessel
upper head region. To preclude this possibility, the upper head vent
should be opened during this cooldown period (when CRDM fans are not
operarle) if the RCS pressure decreases to the saturation pressure of
the reactor vessel upper head temperature at the end of hot standby.
Should the RCS pressure not decrease to this value, consideration
should be given tc opening the head vent prior to RCS
depressurization to assure good fluid mixing in the upper head
region.

During the choldown period, the steam generator levels should
continue to be monitored and controlled in the appropriate range.
The pressure differential between the active and inactive steam
generators should be maintained less than 400 psi, if possible,
during the cooldown per.od. This will ensure that the cooldown rate
will not be unduly retarded due to heat transfer degradation in the
inactive SG.

The RCS cooldown period and associated operator actions for the

Shearon Harris cold shutdown scenaric are discussed in detail in
Section 4.3.2. Parameter-dependent operator actions for the RCS
cooldown period are summarized in Table 4.2-3.

4.2.3 RCS Depressurization Period

Following cocldown to RHR system initiation temperature, and an upper
head mixing periocd (if necessary), the RCS is depressurized to the
RHR system initiation pressure. Since the pressurizer PORVs are
unavailable, the pressurizer auxiliary spray will be utilized to
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accomplish the RCS depressurization. As the RCS pressure decreases
to the RHR cut-in pressure, the operator should block the SI
accumulators at approximately 1000 psia. Also, the addition of the
pressurizer auxiliary spray will cause the pressurizer level to
increase during this period. Therefore, the upper head vent may have
to be utilized as a letdown path during this period to prevent the
pressurizer from becoming water solid.

The RCS depressurization period and associated operatcr actions for
the Shearon Harris cold shutdown scenario are discussed in detail in
Section 4.3.5. Parameter-dependent operator actions for the RCS
depressurization period are summarized in Table 4.2-3.

4.2.4 3 N o) dow

This period consists of RHR system operation to cool the plant to
cold shutdown conditions. This period is similar to a normal plant
cooldown using a single train of the RHR system. This period is not
included in the transient analysis performed for the natural
circulation cooldown scenario since the capability and time required
to attain cold shutdown conditions by utilizing one train of the PRHR
system have been previously demonstrated (Reference 3).
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TABLE 4.2-1

UNIQUE ANALYSIS REQUIREMENTS FOR
NATURAL CIRCULATION COLD SHUTDOWN SCENARIO

1) Ambient heat loss from pressurizer
2) Natural circulation cooling of the reactor vessel upper head

3) Natural circulation cocldown utilizing 2 of 3 steam generators



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

TABLE 4.2-2

ANALYSIS ASSUMPTIONS FOR
NATURAL CIRCULATION COLD SHUTDOWN SCENARIO
102% power, BOL equilibrium xenon condition

Initiating Transient - reactor trip at time = 0 minutes (with
subsequent turbine trip, loss of offsite power and RCP trip)

Pressurizer heaters do not function after reactor trip

Reactor vessel upper head CRDM fans do not function after
reactor trip

SG 3 PORV does not function after reactor trip

Letdown isolated on loss of coffsite power (all air-operated
letdown isolation valves fail closed due to loss of
instrument air)

One (1) charging pump available for seal injection
Pressurizer PORVs unavailable

One (1) motor-driven auxiliary feedwater pump available

AFW temperature - 120°F
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TABLE 4.2-3

PARAMETER DEPENDENT OPERATOR ACTIONS FOR
NATURAL CIRCULATION COLD SHUTDOWN SCENARIO

Limit Operator Action Required
When Limit Satisfied

Cooldown Period (Begin at 4 Hours)

RCS Hot Leg Temperatures
- All less than 580°F

AND
RCS Pressure

- 1865 psia < P < 2015 psia Block Safety Injection

RCS Pressure
- at (1500) psia
(or End of Cooldown Period) Open RV Upper Head Vent

RCS Pressure
- at (1000) psia Isolate SI Accumulators

Depressurization Period (Begin at 14.3 Hours)

RCS Pressure
- at (1000) psia Isolate SI Accumulators

RCS Hot Leg Temperatures
- All less than (350) Of

AND
- RV Head Vent Closed Depressurize RCS to RHR
system initiation pressure

RCS Pressure

- less than (360) psig Initiate RHR system
operation

( ) = Setpoint in parerthesis are approximate values
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d.3

4.3.1 Description of the Analysis

The Shearon Harris natural circulaticn cold shutdown scenario is
described in Section 3.0. The TREAT computer code was used to
simulate this scenario. The major periods covered by this analysis
include: 1) transient initiation/hot standby, 2) RCS cooldown and
RCS depressurization. RCS cooldown to c¢old shutdown temperatur

RHR initiation conditions was not simulated because the proces

be similar to normal plant cooldown. The subsequent sec

each period, the specific operator actions simulated,

system responses and a final results summary for each

Table 4.3~-1 lists the plant data used in the TREAT anal

primary and secondary systems. Table 4.3-2 presents the

chronological sequence of events for the Shearon Harris natural

circulation cold shutdown simulation.

‘Hot Standl

hearon Harris transient was initiated
wer and BOL equilibrium xenon conditions.
r a list of analysis assumptions). The
assumed to be a manual reactor trip followed
of offsite power was also assumed coincident
thereby tripping the RCPs and main feedwater
pressurizer heaters, pressurizer PORVs,
were all assumed to be unavailable for

to the postulated single failur




Following the postulated initiating event, the operator is instructed
to bring the plant to hot standby conditions. At one (1) minute
following reactor trip, it was assumed that one motor driven
auxiliary feedwater pump was sequentially loaded onto the diesel
generators and 400 GPM of auxiliary feed flow was divided amongst the
three (3) steam generators at this time. At five (5) minutes it was
assumed that the operator terminated flow to SG 3 to minimize cycling
of the safety valve. Thus 400 gpm would be divided between SGs 1 and
2 at this time. This operator action was modeled to create a
bounding scenario with respect to secondary heat removal.
Specifically, the lack of auxiliary feea flow to SG 3 will result in
dry out of this steam generator thereby degrading heat transfer via
this loop and potentially leading to reverse heat transfer. This
phenomenon will maximize RCS pressure during the hot standby period
and also prolong the RCS cooldown (via the SG PORVs) to RHR cut=-in
temperature resulting in a conservative estimate of the time to
attain RHR initiating conditions.

Following reactor trip and the coast down of the RCPs, natural
circulation fiow was established in all three loops. The natural
circulation flow in loops 1 and 2 was approximately 400 lb/sec while
the loop 3 natural circulation flow decreased to approx.mately 225
lb/sec due to the degraded heat removal of SG 3. According to the
results of the Diablo Canyon natural circulation and boron mixing
test, these magnitudes of loop natural circulation flows are capable
of providing adequate mixing of the boron injected to the RCS.

At approximately 57 minutes the wide range level indication for SGs 1
and 2 had reached 75% (Figure 4.3-5). Since this corresponds to the
narrow range level in the 30% range, it was assumed that the operator
would throttle the auxiliary feed flow to these SGs to maintain
narrow range level in the 10-50% range per guidance in the Shearon
Harris Emergency Operating Procedures. The auxiliary feed flow to
SGs 1 and 2 were controlled in this manner (i.e., to maintain level
between 10 and 50% narrow range) for the remainder of the transient.
Note from Figure 4.3-5 that SG 3 is predicted to dry out at
approximately 3800 seconds due to the lack of auxiliary feed flow.
This minimized the cycling of the SG 3 safety valve.
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The initial boron concentration in the RCS combined with the xenon
build-up provided sufficient core shutdown margin during the hot
standby period even without additional boration. However, as
discussed in Section 4.2.1, boration will be needed later in the cold
shutdown scenario to maintain adequate shutdown margin. To
facilitate the necessary boron increase during the subsequent
cooldown, boration from the BAT should be made available as soon as
possible. Up to a one hour time period may be required for local
operator actions to restore a flow path from the boric acid tank
(BAT). At that time, the seal injection alignment was switched from
the 2000 ppm (minimum) RWST to the 7000 ppm (minimum) BAT. Due to
the addition of 7000 ppm (minimum) boric acid for the final 3 hours
of the hot standby period and the mixing of the borated water by the
natural circulation flow, the RCS boron concentration increased by
approximately 350 ppm at the end of the hot standby period. However,
the boron concentration requirement for cold shutdown conditions
(i.e., to conservatively bound all core conditions, an increase of
688 ppm boron concentration was determined to be sufficient) had
still not been attained. Therefore, boration via the BAT must be
continued during the cooldown and the shutdown margin should be
monitored to assure that the shutdown margin requirements are
maintained during the cooldown. The cold shutdown RCS boron
requirement is expected to be met at some time during the conoldown
and will be discussed further in Section 4.3.3.

Figures 4.3-1 through 4.3-6 may be referred to in the following
discussion of some relevant primary and secondar; responses during
the hot standby period.

Immediately following reactor trip the seccndary pressure increases
such that the SG PORV and safety valves (with the exception of sG 3
PORV) 1lift to relieve this energy. Shortly thereafter (i.e., after
SG isolation) the PORVs in SG 1 and 2 lifted sufficiently to relieve
the energy transferred to the secondary side of these loops, while
the safety valve on SG 3 cycles to relieve the energy of this loop.
After SG 3 dries out, the safety valve on this loop ceases to cycle
and the SG 1 and 2 PORVe attain a relatively steady flow to maintain
adequate energy removal at the PORV set pressure of 1121 psia,
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RCS pressure is seen to initially decrease following reactor trip.
However, due to the post-trip decrease in priwary to secondary heat
removal by only two steam generators and the addition of 15 GPM total
seal injection in conjunction with no letdown path, the RCS
depressurization trend ceases and the RCS pressure steadily
increases. Since the pressurizer PORVs are assumed unavailable, the
RCS pressure continues to increase to the pressurizer safety valve
setpeint (2500 psia) at approximately 7200 seconds. Following the
1ifting and subsequent shutting of the pressurizer safety valve, the
RCS pressure is maintained between the open pressure of 2500 psia and
the approximate blowdown pressure of 2375 psia.

During the RCS pressure increase, the pressurizer level also exhibits
the same trend since there is a net addition of inventory to the RCS
system due to the 15 GPM seal injection and the lack of a letdown
path. While the RCS pressure is being maintained in an approximate
125 psi band by the pressurizer safety valve, the pressurizer level
continues to increase. To avoid a water solid pressurizer, it is
assumed that the operator takes action to alleviate the pressuirizer
£fill by using the qualified reactor vessel upper head vent as a
letdown path. Since the pressurizer level instrumentation error is
approximately 10%, the operator should take action to utilize this
letdown path prior to the pressurizer level indication reaching 90%.
For this scenario, the head vent was opened when the pressurizer
level reached 88%. However, to prevent the initiation of safety
injectinn (SI), the head vent was closed before the low pressurizer
pressure ST setpoint (1865 psia) was reached. Also, 100 psi
uncertainty was added to the low pressurizer pressure SI setpoint for
conservatism; therefore the pressure was maintained above 1965 psia.
For the remainder of the hot standby period, the head vent was
operated three (3) times to maintain the pressurizer level below 90%
and the pressurizer pressure above 1965 psia.

The loop 1 temperatures, which ave also representative of the other
active loop (2) temperatures, show an initial increase in Thot
followed by a gradual decline. Loop 1 Tcold is relatively stable at
560°F which corresponds to the saturation temperature of the steam



pressure in the secondary side of the steam generators. The loop

Thot exhibits similar behavior to the lcop 1 and 2 Thot; however,

loop 3 Tcold approaches Thot due to the drying out phenomenon and

heat transfer degradation of SG 3. The plant auctioneered average
temperature is representative of the loop 3 temperatures.

Since Shearon Harris has a Tcold upper head design (versus Thot upp
head design for Diablo Canyon), the initial upper head fluij
temperature 1s close to the cold leg temperature (557°F). Th
TREAT predicted temperature for the upper head at the end of
standby period is 584°F. There is still at least 50°F subcool

in the upper head at this time. To assure adequate subcoolin
upper head during the cooldown period, the operacors should open
head vent for upper head fluid mixing at the RCS pressur
corresponding to a 584°F saturation tem \perature plus so

pressure uncertainty (i.e., 1368 psia + 100 psi

say 1500 psia).

4.3.3 RCS Cooldown Period (4-14.1 Hours)

Following the hot standby period, RCS cooldown was initiated
utilizing the secondary PORVs on the two active SGs (1 and 2).
Although the maximum cooldown rate for a Tcold upper head design
plant such as Shearon Harris is 50°F/hr, the cooldown rate for
case was initialized at 25°F/hr due to the assumed minimal m

of the 15 GPM total seal 1n]ection flow. Per EOP guidance,
operator action during the initial stages of the cooldown is
blocking of the SI siqnal. © initiate the blocking of

signal, it is necessary to decrease the RCS pressure oe.

crY
pressure while maintaining suff ¥ RCS subcooling.

er




RCS pressure in the aforementioned range will assure adequate
subcooling to block SI. Therefore, SI is blocked at approximately 30
minutes into the cooldown.

Figures 4.3-7 through 4.3-16 show the relevant data for the entire
transient scenario, including the cooldown period. 71ne RCS pressure
is seen to decrease initially at a relatively fast rate until the
pressurizer becomes saturated again at which time the
depressurization rate slows., Note the depressurization rate slows
considerakly prior to the end of the RCS cooldown period as the
25°F/hr cooldown rate was unattainable with two steam generators

due to the secondary PORVs reaching their maximum relief capacity at
the existing conditions. No2ar the end ¢f the RCS cooldown period,
the RCS pressure stabilizes and eventually begins to increase since
the less than 25°F/hr cooldewn shrink could not offset the mass
addition from the seal injection. Note that “he approximate

25°F/hr cooldown rate did maintain the subcooli.ng at greater than
50°F for the entire RCS cooldown period.

The pressurizer level shows a steady decrease during *he RCS cooldown
period. The pressurizer level should be maintained during the RCS
cooldown period between 90% (to aveid a solid pressurizer) and 25%
(to avoid uncovering the heater banks). The upper head vent and/or
cooldown rate may be used to control pressurizer level in this

range. For this scenario, it is shown that the competing RCS
cooldown shrink and seal injection can stabilize the pressurizer
level at approximately 47%. Examination of RCS shutdown margin
indicates that the cold shutdown boron requirement is met
approximately 3 hours into the cooldown.

The inactive steam generator (SG 3) depressurized due to secondary to
primary (reverse) heat transfer with an approximate 1.5 hour lag time
behind the active steam generator response. There was no need to
manually depressurize the inactive steam generator during the
cooldown as the pressure differential between SG 3 and SGs 1/2
remained below 400 psid. The active and inactive steam generator
pressures at the RHR cut-in temperature of 350°F were 81 and 135
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psia, respectively. Note that the inactive loop steam generator wide
range level was predicted to return at approximately 6.1 hours due to
vapor condensation effects caused by secondary to primary (reverse)
heat transfer. This reverse heat transfer was directly attributable
to the RCS cooldown resulting from the active loop steam generator
depressurization.

Finally, it is seen that the desired upper head subcooling margin of
50°F was maintained throughout the entire cooldown period. This
demonstrates that for Shearon Harris, with a cooldown rate of
25°F/hr, adequate subcooling can be maintained throughout the RCS.
However, since the pressure corresponding to the upper head mixture
temperature at the end of hot standby was not reached, consideration
should be given to mixing upper head fluid prior to RCS
depressurization.

4.3.4 s o)

Since Shearon Harris is a Tcold upper head design plant, the injtial
reactor vessel upper head fluid temperature is approximately egual to
the cold leg temperature of 557°F. At the end of the RCS cooldown
period, the RCS pressure is approximately 1530 psia which corresponds
to a saturation temperature of 599°F. The predicted upper head
temperature at the end of the hot standby period was 584°F while

the predicted upper head temperature at the end of the RCS cooldown
was 420°F (a predicted 170+°F subcooling in the upper head at the

end of the RCS cooldown). The TREAT calculations assume complete
mixing of the bypass flow with the fluid in the upper nead. This is
believed to be a reasonable assumption particularly for a Tcold plant
such as Shearon Harris. Howaver the NRC consultant, in their
evaluation of the Diablo Canyon test (Reference 8), postulated that
the upper head fluid could be fully stratified with no mixing
occurring between the cold bypass flow and the Lottest fluid in the
upper head. Due to lack of appropriate temperature measurements fronm
the Diablo Canyon test, the NRC suggested this issue should be
addressed in each individual submittal (Reference 8). Since the
predicted upper head temperature for Shearon Harris at the end of hot
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standby (584°F, which is greater than the initial condition) is
expected to be accurate and since there are no mechanisms for the
upper head to heat up during cooldown, the maximum temperature in the
upper head at the end of RCS cooldown could be conservatively
postulated to be £84°F. This temperature still corresponds to

15°F subcooling in the upper head.

Because of the potential stratification concern, steps should be
taken to preclude upper head voiding during the RCS

depressurization. For the Shearon Harris cold shutdown scenario, the
upper head vent was opened for 10 minutes prior to RCS
depressurization to assure adequate mixing in the upper head. When
performing this action, the pressurizer level should not be allowed
te fall below 25%. Note that the 10 minute mixing period was
considered sufficient for this analysis to simulate adequate mixing;
a longer mixing time (i.e., up to 30 minutes) may be used in actual
conditions without causing the pressurizer level tc fall below 25%.
Since there would be good mixing due to the relief path in the upper
head, the TREAT predicted temperature at the end of this 10 minute
period is expected to be accurate. The upper head temperature at the
end of 10 minutes is predicted to be 400°F thereby yielding an

upper head subcooling margin of approximately 200°F. The use of

the head vent in the proposed increment to induce upper head mixing
will ensure adequate subcooling in the upper head prior to RCS
depressurization. Therefore, no upper head soak would be required
prior to RCS depressurization as would be expected for a Tcold upper
head design such as Shearon Harris.

§:3+5% o) o) - urs

The RCS depressurization to the RHR cut-in pressure of 375 psia was
performed by using the pressurizer auxiliary spray system. The
auxiliary spray system is assumed available at 6 hours from transient
initiation by the installation of a pressure regulated, portable
compressed gas bottlas to the pneumatic controls of the auxiliary
spray valve. An auxiliary spray flow of 50 GPM was used to
depressurize the RCS at a rate of approximately 0.4 psi/sec. The
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pressurizer level swelled to nearly 90% during

faster depressurization rate be desired, the upper head

to be opened to aveoid filling the pressurizer. "he SG

were controlled to maintain the RHR cut-in temperature of

At the end of the RCS depressurization period, the RCS pressur
375 psia and the RHR system may be placed in service and the
to cold shutdown conditions continued. Per Reference 3, the

-

to cold shutdown temperature using one train of RHR has been

before and is, therefore, not modeled in this analysis. The

reference also notes that a time of less tha 0 hours is

to bring the plant to cold shi own

A summary of the sequence of events for this TREAT

provided in Table 4.3-2. Figures 4.3-1 through 4.3

parameter plots of the 4-hour hot standby period while

il

=y

through 4.3-16 provide plots of key variables for the e
transient.

ls scenario was achieve

Note the alignmen




the cold shutdown boron regquirement and a total of approximately
13000 gal of the 36000 gal BAT was injected to the RCS up to the time
of RHR cut-in conditions.

The TREAT simulation shows that Shearon Harris can attain the RHR

cut-in temperature via a natural circulation cooldown of 25°F/hr,

and utilizing only 2 of 3 steam generators in approximately 10
rours. An additional hour is required to attain the RHR cut-i
pressure. calculations show that approximately 220000
uxiliary feed water was needed throughout the natural ci
cooldown scenario to RHR initiation. However, this estim
based on the analysis assumption of contr
feedwater to maintain secondary level near
and depressurization to RHR initiating conditions.
secondary level be controlled to near 66% for th
depressurization to RHR cut-in conditions (as advised
Shearon Harris natural circulation cooldown Emergency
Procedure), the amou of auxiliary feedwater needed ha
onservatively calculated to be 230000
echnical Specifications require a minim
the CST, there is an adequate Seismic 1
to attain RHR initiating conditions. A sm
water is expected to be needed du ing RHR oper
conditions, however the remainder of the CST
source (Emergen:y Service Water System)

prw anljv 441

temperat

£ Aw
- W




circulation cooldown scenario. The upper head cooldown rate during
the 25°F/hr RCS cooldown to RHR cut-in temperature is predicted to
be approximately 17°F/hr. Although sufficient subcooling is
expected, the upper head vent was opened prior to RCS
depressurizaticn to induce sufficient mixing of the upper nhead fluid
to preclude steam voids during depressurization for the unlikely
situation of a totally stratified upper head as postulated by the NRC
consultant. At the end of the RCS depressurization, at least 50°F
subcooling was still observed in the upper head. The TREAT
simulation shows that the Shearon Harris plant can be depressurized
to the RHR cut~-in pressure of 375 psia using the auxiliary spray in
approximately 0.8 hours.

For the TREAT simulation, several "boundary" flows were tabulated for
the entire transient scenario. The head vent was operated 3 times
during the hot standby period to control RCS pressure and pressurizer
level plus once again prior to RCS depressurization to ensure good
upper head fluid mixing; approximately 15000 lbs of fluid was
relieved via this path during the 15 hour simulation. The seal
return was estimated to be 3 GPM for this scenario thereby yielding
an integrated seal return flow of 22725 lbs per loop. Finally, the
pressurizer safety valve lifted twice during the hot standby period
as the RCS pressure had increased to the 2500 psia safety valve
setpoint; approximately 945 lbs of steam were relieved from the
pressurizer to control the RCS pressure.

The TREAT simulation demonstrates that with the limited qualified
equipment available for this worst-case scenario, the Shearon Harris
plant can attain RHR initiation conditions (primary pressure=375
psia, Thot=350°F) in approximately 15 hours including a 4 hour hot
standby period. The one train of RHR may then be initiated to bring
tiie plant to cold shutdown conditions (Reference 33



TABLE 4.3-1

SHEARON HARRIS PLANT DATA USED IN TREAT ANALYSIS

Reactor Coolant System:

Core Power

Number of Coolant Loops and RCPs

RCS Thermal Design Flow Rate

Total RCS Volume (excluding pressurizer)
Core Tavg = 100% Power

Tavg = No Load

Upper Head Flow - 100% Power

Initial Boron Concentration

Pressurizer:
Vol ame

Total Heater Capacity

Level - 100% Power

Level - No Load

Nominal Pressurizer Pressure
Pressurizer Heat Loss

Number of PORVs

Rated Flow at 2335 psig Setpoint
Number of Safety Valves

Rated Flow at 2485 psig Setpoint

Reactct Protection System:

Low Compensated Pressurizer Pressure Trip
Low Pressurizer Pressure SI Actuation
Turbine Trip on Reactor Trip

Secondary System:

Number/Type of Steam Generators
Steam Pressure - 100% Power
Volume, each SG

Narrow Range Level - 100% Power
Steam Flow Rate/SG - 100% Power
Number of U-Tubes - Each SG
Tube I.D.

Number ASD per Steam Line
Capacity ASD at 1106 psig
Number Safety Valves

Lowest to Highest Setpoints
Flow Rate at 1170 psig

2785 MWt

3

30278 lgm/sec
8040 ft
588,8°F

557°F

520 lbm/sec
1248 ppm

1442 £t3 (including
surge line)

1400 kKW

60.0%

25%

2235 psig

25 BTU/secC

3

58.3 lbm/sec/valve

3

105.6 lbm/sec/valve

1960 psig
1850 psig
Yes

3/U=Tube Model D4-1
949 psig

5949 ft

66.0%

1130 lbm/sec

4578

0.0553 ft

i

120.36 lbm/sec/valve
5

1170-1230 psig
245.0 lbm/sec/valve



TABLE 4.3-2

SHEARON HARRIS NATURAL CIRCULATION COOLDOWN SEQUENCE OF EVENTS

Time (sec) Event(s)

0 ~Reactor Trip (Manual)
-Turbine Trip
-Loss of Offsite Power
-All RCPs Trip
~Main Feedwater Pumps Tri
-Single Failure Assumptio
SG 3 PORV Unavailable

-
4
"
I

.
L

-Seal Injection Maintained
at Constant 15 GPM to RCS
((24-9) GPM)

-One (1) Motor-Driven
Auxiliary Feedwater Pump
Loaded onto Diesel:;

GPM Flow to Three

-Terminate Aux Feed Flow
to SG 3; SGs 1 and 2 divide
400 GPM Aux Feed Flow

-Aux Feed Control to
Maintain SG 1 and 2

-Switch Seal
Suction from
to 7000 ppm B

-U'pper He:d Vent Operated
Times to Maintain PRZR Level
Below 90% and RCS Pressure
Above 1965 psia




4.3-2 (cont)

Event(s)
-Open Upper Head Vent Prior
to Depressurization to
Assure Adequate Upper Head
Mixing

-Close Upper Head Vent
-Initiate RCS Depress.
Pressurizer Auxiliary
Spray (50 GPM)

-Terminate Aux Spray:’
RCS Pressure at RHR Cut=-in
of 375 psia

54390 -Transient Termination
(15.1 hours) -0ne (1) Train RHR Placed
in Service

5 1
LOW Cold
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Figure 4.3-7 RCS Pressure
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4.4 Comparison with Diablo Canyon Cooldown Transient Simulation

In their review of the Diablo Canyon natural circulation
cooldown/depressurization/boron mixing test, the NRC consultant
performed a simulation of a cold shutdown scenario for the Diablo
Canyon plant using the RELAP5/MOD1 code (Reference 8). This
simulation and subsequent report addressed some of the issues not
directly addressed in the actual Diablo Canyon plant test. Table
4.4-1 provides a comparison of some of the relevant parameters
between the Diablo Canyon RELAPS5/MOD1 and the Shearon Harris TREAT
simulations. The data for the Diablo Canyon calculations are
abstracted form Table 5.1 of Reference 8. It should be noted that
due to differences in plant design and equipment availability status,
the two assumed cold shutdown scenarios are not identical. This
contributes significantly to the observed differences which are
outlined in Table 4.4-1. However, the following observations can be
made via a comparison of the two simulations:

1) The predicted natural circulation flow rates per loop are
similar.

2) Shearon Harris has significantly higher downcomer to upper
head bypass flow as compared to Diablo Canyon. This should
improve the cooling and mixing of fluid in the upper head.
The TREAT simulation shows significant cooling of the upper
head which is similar to the RELAP calculatior. The NRC
simulation assumed a long soak time to address potential
upper head fluid stratification. For the Shearon Harris
cold shutdown scenario, the head vent was operated to induce
mixing and cooling of the upper head. As a conseguence, no
upper head socak time is required.

3) In both cases, it was demonstrated that the requived cold
shutdown boron concentration can be achieved prior to
reaching RHR cut-in conditions. The time required to borate
to cold shutdown boron concentration is longer fcr the
Shearon Harris scenario. This is due to the difference in
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4)

5)

RCS makeup (boration) capability, the source boron concentration

and the required boron concentration change for the two plants.
Diablo Canyon was able to utilize normal charging from a Boron

Injection Tank 20000 ppm source while Shearon Harris was limited

to 15 gpm seal injection makeup with the 7000 ppm (minimum)
Boric Acid Tank as the source. Also, the Diablo Canyon
simulation goal was a boron increase of 300 ppm while the
Shearon Harris simulation conservatively used a boron increase
of 688 ppm. Accordingly, the required RCS boron concentration
increase took longer to attain for Shearon Harris.

The cooldown capability between the two plants (i.e., SG PORV
capacity) is similar. The time to attain the RHR cut=-in
temperature for Shearon Harris was longer since the cooldown
rate was slower (25°F/hr) as compared to the assumed Diablo
Canyon cooldown rate (50°F/hr). However, for both cases
sufficient auxiliary feedwater was available for the plant cool
down.

Both simulations demonstrate the capability of the RCS to be

depressurized to the RHR cut-in pressure in a relatively short
time by using the pressurizer auxiliary spray system.

66w



TABLE 4.4-1
KEY PARAMETERS FOR NATURAL CIRCULATION COOLDOWN

Natural Circulation Condition/ Diablo Canyon
Other Plant Parameters RELAP Simulat,

Natural Circulation Flow i6db:136371b/§ec
for 4 loops

Decay Heat ANS
Steady State Coolant Flow 36,918 lb/sec
c\ﬂ

levation Change Between
Core and Steam Generator

Upper Head Bypass Flow

Steady State Bypass Flow
Pressure Differential Across
Downcomer/Core/SG

jection Time

Injection Mode

Injection Flow Rate

Source Boron Concentration
Desired Concentration Change
RCS Volume

Boron Source Capacity
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3
-
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Cooling Water

CST Capacity




5.0 CONCLUSIONS

It has been demonstrated through a qualitative systems and equipment
comparison that the results of the Diablo Canyon Natural
Circulation/Boron Mixing/Cooldown Test are applicable to Shearon
Harris. It has also been shown through a TREAT simulation of the
worst-case cold snutdown scenario that Shearon Harris can achieve
cold shutdown conditions under the regquirements established in BTP
RSB 5-1. Shearon Harris meets the functicnal requirements of of BTP
RSB 5-1 by demonstrating via comparison and simulation that:

o Ssufficient similarities exist with the W PWR Diablo Canyon
plant such that the favorable results of the Diablo Canyon
Natural Circulation Boron Mixing/Cooldown Test apply to
Shearon Harris.

e] Adequate natural circulation was established following reactor
trip and RCP coastdown and the plant was capable of removing
decay heat by natural circulation using only qualified
equipment.

o Boron mixing during natural circulation conditions was
sufficient to attain the cold shutdown boron requirement prior
to reaching RHR initiating conditions.

o The RCS can be cocled to the RHR system initiating conditions
while maintaining adequate subcooling during natural

circulation using only qualified equipment within a reasonable
period of time.

o] The Shearon Harris Tcold upper head design in conjunction with
adequate precautions ensure that the reactor vessel upper head
will not void during RCS cooldown and depressurization to RHR
initiating conditions.




o A sufficient supply of qualifie. .ondary cooling water was
available to support the 4 hour houv standby period, RCS
cooldown and depressurization to RHR initiating conditions.

o One motor-driven auxiliary feedwater pump was sufficient to
supply the cooling water for adequate decay heat removal
throughout the transient.

o Sufficient steam generator PORV capacity was available to cool
down the RCS to the RHR cut-in temperature.

It is concluded that the Shearon Harris plant satisfies the test
requirement of BTP RSB 5-1 based upon the favorable qualitative
comparison with the Diablo Canyon test results and the supporting
quantitative thermal/hydraulic analysis of the Shearon Harris cold
shutdown scenario. Therefore, natural circulatio. ~-a)ldown testing
is nect required at the Shearon Harris plant.
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