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SECTION 15

ACCIDENT ANALYSES

15.0 GENERAL

This section represents the safety analysis for the Hope Creek Generating
Station. The safety analysis 1is evaluated on a cycle-to-cycle basis by re-
evaluating the potentially limiting events. A potentially limiting event is
defined as an event or accident that has the potential tc affect the core
operating or safety limits. The non-limiting events are not re-evaluated,

since the limiting events bound the ccnsequences of their occurrence.

The presentation of the results for the limiting events or reload events are
presented in Appendix 15D. This information represents the reload licensing
analysis for the current cycle. The appropriate sections of chapter 15

reference Appendix 15D.

The remaining information for this section is provided in Section A.15.0 of

Reference 15.0-1 and in Reference 15.0-2.

15.0.1 References

15.0-1 "General Electric Standard Application for Reactor Fuel", including
The United States Supplement, NEDE-24011-P-A and NEDE-24011-P-A-US,

latest revision.

15.0-2 NEDC-33076P, Rev. 2, “Safety A&Analysis Report for Hope Creek

Constant Pressure Power Uprate,” August 2006.

15.0-1
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TABLE 15.0-1 {Historical)

RESULTS SUMMARY OF TRANSIENT EVENTS APPLICABLE TO BWRs

Maximum
Core
Average
. Surface
Maximum Maximum Heat
Neutron Maximum Maximum Steam Flux, Number of
Flux, Dome Vessel Line percent Valves
Section Figure percent Pressure, Pressure, Pressure, of Frequency 1st Duration of
(2) (1)
Number Number Description NBR psig psig psig Initial A CPR Category Blowdown Blowdown, s
15.1 - DECREASE IN
CORE COOLANT
TEMPERATURE
15.1.1 15.1-1 Loss of feedwater 121.1 1024 1062 1011 113.9 0.12 a 4] 0

heater, automatic
flow control

15.1.1 15.1-2 Loss of feedwater 125.6 1030 1069 1016 117.1 0.14 a 4} 0
heater, manual
flow control

15.1.2 15.1-3 Feedwater 158.3 1153 1194 1148 108.3 0.09 a 14 5
controller failure,
maximum demand,

3 (6)
with bypass

(3}
15.1.3 15.1-4 Pressure regulator 104.3 1127 1142 1126 100.3 0.0 a 0 0
failure - open
15.2 - INCREASE IN REACTOR
PRESSURE
15.2.2 15.2-1 Generator load 148.7 1154 1182 1152 100.6 0.03 a 14 4.5
rejection,
{4)
bypass - on
15.2.2 15.2~-2 Generator load 198.7 1178 1207 1178 105.3 0.07 b 14 >9
rejection,
. (4,6)
bypass - off .
15.2.3 15.2~3 Turbine trip, . 132.1 1153 1180 1148 100.3 0.01 a 14 5
{4)
bypass - on
15.2.3 15.2-4 Turbine trip, 180.0 1176 1206 1177 103.7 0.06 b 14 >9
(4,6) .
bypass - off
1 of 3
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TABLE 15.0-1 (Cont) (Historical}
Maximum
Core
Average
Surface
Maximum Maximum Heat
Neutron Maximum Maximum Steam Flux, Number of
Flux, Dome Vessel Line percent Valves
Section Figure percent Pressure, Pressure, Pressure, of Frequency 1st Duration of
{2} (1)
Number Number Description NBR psig psig psig Initial ACPR Category Blowdown Blowdown, s
(3}
15.2.4 15.2-5 Closure of zll 104.3 1168 1207 1165 100.1 ~0.0 a 14 5.5
(4)
MSIVs
(3)
15.2.5 15.2-6 Loss of condenser 132.4 1151 1178 1144 100.3 ~0.0 a 14 11
vacuum
(3}
15.2.6 15.2-7 Loss of all grid 120.6 1170 1158 1170 100.1 ~0.0 a 14 11
connections
{3)
15.2.7 15.2-8 Loss of all 104.5 1020 1059 1007 100.1 ~0.0 a 0 o]
feedwater flow
15.3 - DECREASE IN REACTOR
COOLANT SYSTEM FLOW
RATE
(3)
15.3.1 15.3-1 Trip of one 104.3 1021 1059 1008 100.1 ~0.0 a 0 0
recirculation
pump meter
{3)
15.3.1 15.3-2 Trip of both 104.3 1108 1119 1107 100.1 ~0.0 a 0 0
recirculation
pump motors
15.3.2 - Recirculation See text
flow control
failure -
decreasing flow
15.3.3 15.3~-3 BSeizure of one 104.3 1082 1044 1081 100.2 0.09 c Q [
recirculation pump
15.4 - REACTIVITY AND
POWER DISTRIBUTION
ANOMALIES
2 of 3
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TABLE 15.0~1 {(Cont} (Historical)
Maximum
Core
Average
Surface
Maximum Maximum Heat
Neutron Maximum Maximum Steam Flux,
Flux, Dome Vessel Line percent
Section Figure percent Pressure, Pressure, Pressure, of
2)
Number Number Description NBR psig psig psig Initial ACPR
(5}
15.4.4 15.4-6 Abnormal startup 396.3 981 998 976 146.3
of idle
recirculation loop
. (5)
15.4.5 15.4-7 Recirculation flow 366.5 982 1001 976 143.4
control failure -
(6)
increasing flow
15.5 - INCREASE IN
REACTOR COOLANT
INVENTORY
15.5.1 15.5-1 Inadvertent HPCI 118.7 1020 1059 1007 107.0 0.06
pump start
{l) a = Incidents of moderate frequency
b = Infrequent incidents

¢ = Limiting faults.

(2)
(3)
{4)
(5)
(6)

ACPRs are based on an initial CPR that would yield an MCPR of 1.06.
Estimated value.
Results, not including adjustment factors,

are based on end-of-cycle-one nuclear data.
These events are initiated from low power, and the resultant MCPR will be well above 1.06.
These events are analyzed as part of the relcad licensing analysis.

The results presented within this table remain for comparative purposes only.

Number of
Valves
Frequency 1st Duration of
(L)
Category Blowdown Blowdown, s
a (o} o]
a o] 0
a [ 0

The results are represented in Appendix 15D.

HCGS-UFSAR
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TABLE 15.0-2

SUMMARY OF ACCIDENTS

Failed Fuel

Calcu- . NRC Worst-
lated Case

Section Title s : Value Assumption
15.3.3 Seizure of One Recirculation Pump None
15.3.4 "Recirculation Pump Shaft Break None
15.4.9 Rod Drop Accident v <850 850

(number of rods) | v
15.6.2 Instrument Line Break None None
15.6.4 Steam System Pipe Break Outside None . None

Containment
15.6.5 LOCA Within RCPB None 100

percent

15.6.6 Feedwater Line Break " None None
15.7.1.1 Main Condenser Gas Treatment System NA NA

Failure '
15.7.3 Liquid Radwaste Tank Failure | NA NA
15.7.4 Fuel Handling Accident <124 124
15.7.5 Cask Drop Accident None " None

. ' ' 1l of 1
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TABLE 15.0-3 (Historical)

INPUT PARAMETERS AND INITIAL CONDITIONS FOR TRANSIENTS

For General Electric Analyzed Events
(See Appendix 15D for Reload Analysis)

1. Thermal power level, MWt
Warranteed value 3293
Analysis value 3435
2. Steam flow, lb/h
Warranteed value 14.16 x 106
Analysis value 14.87 x 106
3. Core flow, 1lb/h 100 x 106
4. Feedwater flow rate, 1lb/s
Warranteed value 3933
Analysis value 4130
5. Feedwater temperature °F 424.5
6. Vessel dome pressure, psig 1020
7. Vessel core pressure, psig 1031
8. Turbine bypass capacity, percent NBR 25
9. Core coolant inlet enthalphy, Btu/lb 526.6
10. Turbine inlet pressure, psig 960
11. Fuel lattice c(p8 x 8r)
12. Core average gap conductance, Btu/s-ft2—°F 0.1744
1l of 4
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TABLE 15.0-3 (Cont) (Historical}
13. Core leakage flow, percent 11.27
14, Required MCPR operating limit See Table 15.0-4
and Figure 15.0-2
15. MCPR safety limit 1.06
16. Doppler coefficient (-)¢/°F
Analysié for power increase events 0.2210
Analysis for power decrease events 0.244
17. Void coefficient (-)¢/percent rated voids
Analysis data for power increase
events(l) 8.703
Analysis data for power decrease
events(l)
7.874
18. Core average rated void fraction, 42
percent(1
19. Scram reactivity, $AK analysis data Figure 15.0-1
20. Control rod drive speed, position versus
time Figure 15.0-1
21, Nuclear characteristics used in ODYN EOC-1
analysis (End of cycle 1) -
22. Jet pump ratio, M 1.84
23, Safety/relief valve capacity, 85.8
percent NBR at 1121 psig
Manufacturer Target Rock
Quantity installed 14
2 of 4
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TABLE 15.0-3 (Cont) (Historical)
24. Relief function delay, s 0.4
25. Relief function response time constant, 0.15
26. Setpoints for safety/relief valves
Safety/relief function, psig 1121, 1131, 1141
27. Number of wvalve groupings simulated
Safety/relief function, no. 3
28. SRV reclosure setpoints~both modes
(percent of setpoint) maximum safety limit 97
29. High flux trip, percent NBR
Analysis setpoint (121 x 1.043) 126.2
30. High pressure scram setpoint, psig 1071
31. Vessel level trips, feet above bottom of
separator skirt bottom, ft
Level 8 ~ (L8) 6.042
Level 4 _ (L4) 3.625
Level 3 - (L3) 1.792
Level 2 - (L2) -3.708
32. APRM thermal power trip, percent NBR
Analysis setpoint (117 x 1.042) 122.0
33. Recirculation pump trip delay, s 0.175
3 of 4
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TABLE 15.0-3 (Cont) (Historical)

34, Recirculation pump trip inertia time constant for
, 2
analysis, s( )

Maximum

Minimum
35, Total steamline volume, ft3 6619
36. Pressure setpoint of RPT, psig 1101
(1) For transients simulated on the ODYN computer, this input is calculated

by ODYN.
(2) The inertia time constant is defined by the expression:
_ 2 Jgn
gT,
where:
t = inertia time constant, s
. . 2

JO = pump motor moment of inertia, lb-ft
n = rated pump speed, rps

. ) 2
g = gravitational constant, ft/s
TO = pump shaft torque, ft-1b.

4 of 4
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Section

TABLE 15.

0-5 -

NONSAFETY-GRADE SYSTEMS/COMPONENTS ASSUMED
IN TRANSIENT ANALYSES

Transient

MODERATE FREQUENCY EVENTS

15.1.2 Feedwater controller failure
maximum demand

15.1.3 Pressure regulator failure open

15.2.2 Load rejection

15.2.3 Turbine trip

15.2.4 Closure of all MSIVs

15.2.5 Loss of condenser vacuum

15.2.6 Loss of AC power

15.2.7 Loss of all feedwater flow

15.3.1 Trip of one or both
recirculation pumps

15.3.2 Recirculation flow control
failure with decreasing flow

15.4.1 Rod withdrawal error at low
power

15.4.2 Rod withdrawal error at power

1 of 2
HCGS—-UFSAR

Nonsafety-Grade
System or Compeonent

Level 8 turbine and with
feedwater pump trip, turbine bypass,

13
relief valves(1)

Relief valves

Turbine bypass, relief valves
Turbine bypass, relief valves
Relief valves

Turbine bypass, relief valves
Turbine bypass, relief valves
Recirculation runback

Level 8 turbine trip and

feedwater pump trip, turbine bypass,
relief valves

Level-8 turbine trip

and feedwater pump trip, turbine

bypass, relief valves

Rod worth minimizer

Rod block monitor

Revision 9
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TABLE 15.0-5 (Cont)

Section Transient

INFREQUENT EVENTS
15.2.2 Load rejection without bypass

15.2.3 Turbine trip without bypass

LIMITING EVENTS

15.3.3 Recirculation pump seizure
15.3.4 Recirculation pump shaft break
15.6.5 Loss-of-Coolant Accident

1

mode of the SRVs.

Nonsafety-Grade
System or Component

Relief wvalves

Relief wvalves

Level 8 turbine trip
and feedwater pump
trip, turbine bypass
relief valves

Level 8 turbine trip
and feedwater pump
trip, turbine bypass,

relief valves

Feedwater piping outside
containment

"Relief valves" refers to the nonsafety-related manual relief
Although this mode does not serve a safety

function, its electrical components and power supply are safety

grade.

2 of 2
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15.1 DECREASE IN REACTOR COOLANT TEMPERATURE
15.1.1 Loss of Feedwater Heating

The loss of feedwater heating (LOFH) event is considered a potentially 1imiti§gV.
event and 1s re-analyzed for each reload. The results of the re-analysis of

the LOFH event are presented in Appendix 15D,

The re-analysis of the LOFH event is performed with the'éssumption of operation
in the manual flow control mode (the original automatic flow control mode has

been eliminated).

15.1.1.1 1Identification of Causes and Frequency Classification

15.1.1.1.1 Identification of Causes

Feedwater heating can be lost ih at least two ways:

1. The steam extraction line valve to a heater is closed
2. Feedwater flow is bypassed around portions @f the heaters.
The first case produces a gradual cooling of the feedwater. In the second

case, the feedwater bypasses the heater and no heating of that feedwater
occurs. The maximum number of feedwater heaters thét can be isolated or

bypassed by a single event represents the most severe:transient for analysis

considerations. This transient 1is analyzed by assuming that a conservative
decrease in feedwater temperature occurs. The decrease in feedwater
temperature will cause an increase in core inlet subcobling. This increases

core power due to the negative void reactivity coefficient,

15.1.1.1.2 Frequency Classification

The probability of this transient is considered low enough to warrant it being
categorized as an infrequent incident. However, because of the lack of a
sufficient frequency data base, this transient is analyzed as an incident of

moderate frequency.

This event is analyzed under worst-case conditions, which  assumes a
conservative decrease in feedwater temperature at rated power. The probability

of occurrence of this event is regarded as small.

15.1-1
HCGS-UFSAR Revision 17
June 23, 2009



15.1.1.2 Sequence of Events and Systems Operaticn

15.1.1.2.1 Sequence of Events

Table 15.1-1 provides the sequence of events for this transient. The results
presented in the aforementioned table are based on the initial CPPU analysis
ind'are not representative of the currently loaded core. References to percent
ppwer, pefcent of>rated, etc., contained in the text, figures, and tables
describing this event are relative to the CPPU licensed power level of 3840

MWt. The results are considered typical.
The response of the LOFH reload event is presented in Appendix 15D.

15.1.1.2.1.1 Identification of Operator Actions

As the LOFH event progresses, the reactor settles out at essentially the same
récirculaﬁion flow with an increase in steam output. An a&erage power range
monitor (APRM) neutron flux or thermal power alarm alerts the operator that
control rods should be inserted to return to the rated flow control line, or to
reduce flow. If reactor scram occurs, the ocperator will monitor the reactor
water level and pressure controls and turbine-generator auxiliaries during

coastdown.

15.1.1.2.2 Systems Operation

in establishing the expected sequence of events and simulating the plant
ﬁerformance, it was assumed that normal functioning occurred in the plant
instrumentation and controls, plant protection, and Reactor Protection Systems
(RPSs) .

The high simulated thermal power scram is the primary protection system action

in mitigating the consequences of this event.

Operator intervention requiring the activation of engineered safety features

(ESF) is not expected for this transient.
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15.1.1.2.3 The Effect of Single Failures and Operator Errors
This transient leads to an increase in reactor power level. Single failures
are not expected to result in a more severe transient than analyzed. See

Section 15.9 for a detailed discussion of this subject.

15.1.1.3 Core and System Performance

15.1.1.3.1 Mathematical Model

The LOFH event for CPPU conditions was analyzed using PANACEA (Reference 15.1-

4). The LOFH is analyzed according to the description in Reference 15.,1-3.
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15.1.1.3.2 1Input Parameters and Initial Conditions

The plant is assumed to be operating at 100 percent of nuclear boiler rated

(NBR) power and at thermally limited conditions.

The transient is simulated by programming a change in feedwater enthalpy

corresponding to a 110°F loss in feedwater heating.

15.1-4
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15.1.1.3.3 Results

The results presented below are representative of CPPU conditions. These

results are considered bounded by the reload licensing analysis.

As the LOFH event progresses, reactor power increases as a result of the
increased core inlet subcooling. A trip may occur on high APRM neutron flux.
If the core power does not reach the scram setpoint, a new steady state
operating condition is achieved. Vessel steam flow increases and the system
pressure increases. The response of the key plant variables for the reload re~

analysis is shown in Appendix 15D.

This transient is less severe from lower initial power levels for two main

reasons:
1. Lower initial power levels have initial MCPR values greater than
the limiting initial value assumed.
2. The magnitude of the power rise decreases with lower initial power

conditions.

Therefore, transients from lower power levels are less severe.
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15.1.1.3.4 Considerations of Uncertainties

Important factors such as initial operating conditions, trip characteristics,
and magnitude of the feedwater temperature change are assumed to be at their
worst values, so that any deviations seen in the actual plant operation reduce

the severity of the event.

15.1.1.4 Barrier Performance

As noted above, and in Appendix 15D, the consequences of this transient do not
result in any temperature or pressure transient in excess of the criteria for
which the fuel, pressure vessel, or containment are designed; therefore, these

barriers maintain their integrity and function as designed.

15.1.1.5 Radiological Consequences

Since this transient does not result in any additional fuel failures, or any
release of primary coolant to either the reactor building or +to the
environment, there are no radiological consequences assoclated with this

transient.

15.1.2 Feedwater Controller Failure - Maximum Demand

The feedwater controller failure - Maximum Demand event 1is considered a
potentially limiting event and is re-analyzed for each reload. The results of

the re-analysis of this event are presented in Appendix 15D.

15.1.2.1 Identification of Causes and Freguency Classification

15.1.2.1.1 Identification of Causes

This transient is postulated on the basis of a single failure of a control
device, specifically one that can affect an increase in reactor coolant

inventory by increasing the feedwater flow. The
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most severe applicable transient is a feedwater controller failure during

maximum flow demand. The feedwater controller is forced to its upper limit at
. the beginning of the transient. '

15.1.2.1.2 Frequency Classification

This transient is considered to be an incident of moderate frequency.

15.1.2.2 Sequence of Events and Systems Operation

15.1.2.2.1 Sequence of Events

With excess feedwater flow, the reactor water level rises to the high level
reference point, at which time the feedwater pumps and the main turbine are
“tripped and a scram is initiated. The sequence of events are presented in
Appendix 15D.

15.1.2.2.1.1 Identification of Operator Actions

- The operator will:

. 1. Observe that high  level feedwater pump trip has terminated the
. ‘ transient
2. Switch the feedwater controller from auto to manual control in

order to try to regain a correct output signal

3. Identify causes of the failure and report all key plant parameters

during the transient.
15.1.2.2.2 Systems Operation

To properly simulate the expected sequence of events, the analysis of this

transient assumes normal functioning of plant

. , ’ 15,1-7
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instrumentation and controls, plant protection, and. Reactor Protection Systems
(RPSs) . Imbortant system operational actions for this transient are high level
tripping of the main turbine, main stop valve reacter trip initiation,
recirculation puﬁp trip (RPT}, and low water level initiation of the Reactor
Core Isolation Cooling (RCIC) System and the High Pressure Cooclant Injection
(HPCI) System to maintain long term water level control following tripping of
feedwater pumps.

15.1.2.2.3 The Effect of Single Failures and Operator Errors

The first sensed event to initiate automatic¢ corrective action to the transient

is the vessel high water level (L8) trip. Multiple level sensors are used to

sense and detect when the water level reaches the level 8 (L8) setpoint. At

this point in the logic, a single failure does not initiate or prevent' a
turbine trip signal. Turbine trip signal transmission, however, is not built
to single failure criterion. The result of a failure at this point would have
the effect of delaying the pressurizafion. High levels in the turbine moisture
separators result in a trip of the unit before high moisture levels enter the
low pressure turbine., However, if excessive moisture enters the turbine, it

causes vibration to the point where the operator may manually trip the unit.
Reactor trip signals from the turbine are designed such that a single failure
neither initiates nor impedes a scram initiation. See Section 15.9 for a

detailed discussion of this subject.

15.1:2.3 Core and System Performance

15.1,2.3.1 Mathematical Model

The predicted dynamic behavior has been determined using a computer simulated,
analytical model of a generic direct cycle BWR. This model 1is described in
detail in Reference 15.1-2. This computer model has been improved and verified
through extensive comparison of its predicted results with boiling water
'reactor {BWR) test data. '

The non-linear computer simulated analytical model 1is designed to predict
assoclated transient behavior of the reactor. Some of the significant features

of the model are:
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15.1.2.3.2 Input Parameters and Initial Conditions

These analyses have been performed, unless otherwise noted, with the plant

conditions as shown in Appendix 15D.

A description of the plant initial conditions and assumptions are presented in

section 7.4.5.2 of reference 15.1-3.

15.1.2.3.3 Results

The results of the feedwater controller failure - maximum demand event are

presented in Appendix 15D.
15.1.2.3.4 Consideration of Uncertainties

All systems used for protection in this transient were assumed to have the most
conservative allowable response, e.g., relief valve setpoints, scram control

rod travel time, and reactivity
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characteristics. Expected plant behavior is therefore expected to lead to a

less severe transient.

15,1.2.4 Barrier Performance

As noted above, the consequences of this transient do not result in any
temperature or pressure transient in excess of the criteria for which the fuel,
pressure vessel, or containment are designed. Therefore, these barriers

maintain their integrity and function as designed.

15.1.2.5 Radiological Conseguences

While this transient does not result in fuel failure, it does result in the
discharge of normal coolant activity to the suppression pool via SRV operation.
.Because this activity is contained in the primary containment, there is no
exposure to operating personnel. This transient does not result ih an
uncontrolled release to the environment, so the plant operator can choose to
leave the activity bottled up in the containment or discharge it to the
environment under controlled release conditions. If purging of the containment
is chosen, the rélease is in accordance with established technical

specification limits.

15.1.3 Pressure Requlator Failure - Open

The pressure requlator failure in the open position event is considered a non-
Limiting event. Therefore it is not required to be re-analyzed as a part of
the reload licensing analysis for Hope Creek, unless the disposition for this
event changes (Referénce 15.1-3).

The results referenced within this section are representative of cycle 1.

References to percent power, percent of rated, etc., contained in the text,
figures, and tables describing this event are relative to the Cycle 1 licensed
- power level of 3293 MW,,. These results are considered bounded by the reload

licensing analysis.

15.1.3.1 Identification of Causes and Frequency Classification

15.1.3.1.1 Identification of Causes

- The total steam flow rate to the main turbine resulting from a pressure
regulator malfunction is limited by a maximum flow limiter imposed at the
turbine controls. This limiter 1is set to limit maximum steam fleow to

approximately”130 percent nuclear bdiler rated (NBR).
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If the pressure regulator fails to the open position, which requires the
failure of two of pressure'channels, the turbine control valves can be fully:
opened, and the turbine bypass valves can be partially opened until the maximum
steam flow is established.

15.1.3.1.2 Frequency Classification

This transient disturbance is categorized as an incident of moderate frequency.

15.1.3.2 Seguence of Events and Systems Operation

15,1.3.2.1 Sequence of Events
Table 15.1-4 lists the sequence of events for Figure 15.1-4.

The above results are representative of cycle 1. These results are considered

bounded by the reload licensing analysis.

15.1.3.2,1.1 Identification of Operatcer Actions

Water level would reach high level (L8) to trip the turbine and feedwater pump
and cause the reactor to scram. Once the turbine trip occurs, the pressure
increases to the point where.the main steam safety/relief valves (SRVs) open.
The operator will: ”

1. Verify that all rods are in their fully inserted position.
2. Monitor reactor water level and pressure.
3. Monitor turbine coastdown and break vacuum before the loss of steam

seals, and check turbine auxiliaries.

q, Observe that the reactor pressure relief valves open at their
setpoint.
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5. Observe that vreactor core 1isolaticn: cecoling (RCIC) and high

pressure coolant inﬂection (HPCI) initiate on low water level, -

6. Secure both HPCI and RCIC when reactor pressure and level are under
control. ‘

7. Monitor reactor water level and continue cooldown per the normal
procedure.

8. Complete the scram report and initiate a maintenance survey of

pressure regulator before reactor restart. .

15.1.3.2.2 BSystems Operation

To simulate the expected séquence of events properly, the analysis of this
transient assumes normal functioning of plant instrumentation and controls,
plant protection, and Reactor Protection Systemé (RPSs), except as otherwise
noted.

"HPCI and RCIC system functions are initiated when the vessel water level
reaches the L2 setpoint. ~Normal startup and actuation ‘can take up to 30
seconds before full flow is realized. - If these events occur, they follow
sometime after the primary concerns of fuel thermal margin and overpressure
effects have occurred, and are less severe than those already experienced by

the syétem;

15.1.3.2.3 The Effect of Single Failures and Operator Errors

’

This transient leads to a loss of pressure control such that the increased

steam flow demand causes .a depressurization. Instrumentation for pressure

"sensing of the turbine inlet pressure is'designed to accommodate the effects of

single failure for initiation of main steam line isolation valve (MSIV)

closure.

Reactor scram sensing, originating from limit switches on the MSIVs, |is

‘designed to accommodate the effects of single faiiure.

It is therefore ¢oncluded that the basic phenomenon of pressure  decay 1is
adequately terminated. See Section 15.9 for a detailed discussion of this

subject.

15,1.3.3 Core énd System Performance

'15.1.3.3.1 Mathematical Model
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The predicted dynamic behavior has been determined using a computer-simulated
anaiytical model of a generic directtcycle boiling water reactor (BWR) . This
model is descrlbed in detail in Reference 15.1-1, It has been verified through
extensive comparison of its predicted results with actual BWR test data.

The nonlinear, computer-simulated, analytical model is designed to predict
associated transient behavior of this reactor. Some of the significant

features of the model are:

1. A point kinetic model is assumed with reactivity feedbacks from:-

control rods ({absorption}, voids (moderation), and Doppler
(capture) effects.

2, The fuel is represented by three four-node cylindrical elements,
each enclosed in a cladding node. One of the cylindrical elements
is used to represent core average power and fuel temperature
conditions, providing the source. of Doppler feedback. The other
two are used to represent "hot spots" in the core to 51mulate peak
fuel center temperature and cladding temperature.

3. Four primary system pressure nodes are simulated. The ncdes
represent the core exit pressure, vessel dome pressure, steam line
pressure at a point representative of the main steam safety/relief
valve (SRV) location, and turbine inlet pressure.

4, The active core void fraction is calculated from a relationship
between core exit quality, inlet subcooling, and pressure. This
relationship 1is generated. from multinode core steady state
calculations. A second order void dynamic model with the void

boiling sweep time calculated as a function of core flow and void
conditions is also used.

5. Principle controller functions, such as feedwater flow,
recirculation flow, reactor water level, pressure, and load .demand
are - represented together  with their dominant nonlinear
characteristics.

6. The ability to simulate'necessary RPS functions is provided.
15,1.3,3.,2 Input Parameters and Initial Conditions

This transient is simulated by setting the controlling.regulator output to a
high value, which causes the turbine contrecl valves to open fully and the
turbine bypass valves to open partially. A regulator failure with 130 percent
steam flow was simulated as a worst case since 130 percent is the normal
maximum flow limit. ' ‘

This analysis has been performed, unless otherwise noted, with the plant
‘conditions listed in Table 15.0-3.

‘.
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15.1.3.3.3 Results

The results presented below are representatiVG'of cycle 1. These results are

considered bounded by the reload licensing analysis.

Figure 15.1~4 shows the response of important nuclear system variables for this
transient. The water level rises to the L8 trip setpoint in 5.4 s and
initiates trip of the main and feedwater turbines. Closure of the main stop
valves (MSVs) initiates a scram and recirculation pump trip (RPT). After the
pressurization resulting from the MSV closure, pressure again drops and
continues to drop until turbine inlet pressure 1is below the low turbine
pressure isolation setpoint, when the main steam 1line isolation finally

terminates the depressurization.

A reactor L8 trip limits the duration and severity of the depressurization so
that no significant thermal stresses are imposed on the reacter cooclant
pressure boundafy (RCPB) , After the rapid portion of the transient is
complete, the nuclear system SRVs operate intermittently to relieve the
pressure rise that results from decay heat generation, No significant
reductions in fuel thermal margins occur. Because the rapid portion of the
transient results in only momentary depressurization of the nuclear system, and
because the SRVs operate only tc relieve the pressure increase caused by decay
heat, the RCPB is not threatened by high internal pressure for this pressure

regulator malfunction.
15.1.3,3.4 Consideration of Uncertainties

If the‘maximum flow limiter were set higher or lower than normal, a faster or
slower loss in nuclear steam pressure results. The rate of depressurization
may be limited by the bypass capacity. For example, the turbine valves open to
the wide open state, admitting slightly more than the rated steam flow. With
“the limiter in this analysis set to fail at 130 percent, we would expect
sbmething less than 25 percent to be bypassed. This is therefore not a
limiting factor on this plant. If the rate of depressurization does change, it
is terminated by the low turbine inlet pressure trip setpoint.

Depressurization rate has a proportional effect upon the voiding action of the
core. If it is not large enough, the L8 trip setpoint may not be reached. Then
a turbine and feedwater pump trip will not occur in the transient, In this
case, the turbine inlet pressure will drop' below the pressure isolation
setpoint, and thefexpectéd transient -will conclude with an isolation of the
main steam lines., The reactor will be shut down by the scram initiated from
the MSIV closure.
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15.1.3.4 Barrier Performance

Barrier performance analyses were not required, since the consequences of this
transient do not result in any temperature or pressure transient in excess of
the criteria for which fuel, pressure vessel, or containment are designed. Peak
pressure in the bottom of the vessel reaches 1142 psig, which is below the ASME
B&PV Code limit of 1375 psig for the RCPB.

15.1.3.5 Radiological Conseguences

While this transient does not result in fuel failure, it does result in the
discharge of normal ccolant activity to the suppression pool via SRV operation.
Because this activity is contained in the primary containment, there 1is no
exposure to operating personnel. This transient does not result in an
uncontrolled release to the environment, so the plant operator can choose to
leave the activity bottled up in the containment or discharge it to the
environment under controlled release conditions. If purging of the containment
is chosen, the release 1s in accordance with established technical

specification limits.

15.1.4 1Inadvertent Main Steam Relief Valve Opening

The inadvertent main steam relief valve opening event is considered a non-
Limiting event. Therefore it is not required to be re-analyzed as a part of
the reload licensing analysis for Hope Creek, unless the disposition for this
event changes (Reference 15.1-3). This event was not re-evaluated for CPPU

conditions.

15.1.4.1 Identification of Causes and Freguency Classification

15.1.4.1.1 Identification of Causes

Cause of inadvertent main steam safety/relief valve (SRV) opening is attributed
to malfunction of the valve or an operator initiated opening. Opening and
closing circuitry at the individual valve level, as opposed to groups of
valves, 1is subject to a single failure event. It is therefore postulated that
a failure occurs, and the transient is analyzed accordingly. Detailed

discussion of the valve design is provided in Section 5.

15.1~16
HCGS-UFSAR Revision 17
June 23, 2009



15.1.4.1.2 Frequency Classification

This transient is categorized as an infrequent incident, but due to a lack of a

comprehensive data basis, it is analyzed as an incident of moderate frequency.

15.1.4.2 Seqguence of Events and Systems Operation

15.1.4.2.1 Sequence of Events

Table 15.1-5 lists the sequence of events for this transient.

15.1.4.2.1.1 Identification of Operator Actions

The plant operator must "reclose" the valve and check that reactor and turbine-
generator output return to normal. If the wvalve cannot be closed, plant
shutdown must be initiated.

15.1.4.2.2 Systems Operation

This event assumes normal functioning of normal plant instrumentation and
controls, specifically the operation of the pressure regulator and 1level
control systems.

15.1.4.2.3 The Effect of Single Failures and Operator Errors

Failure of additional components, e.g., pressure regulator, feedwater flow

controller, is discussed in Section 15.9.

15.1.4.3 Core and System Performance

15.1.4.3.1 Mathematical Model

The reactor model briefly described in Section 15.1.3.3.1 was previously used
to simulate this event in earlier FSARs. This model is discussed in detail in

Reference 15.1-1. It has been
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determined that this transient is not 1limiting from a core performance

standpoint. Therefore, a qualitative presentation of results 1is included

below.
15.1.4.3.2 Input Parameters and Initial Conditions

It is assumed that the reactor is operating at an initial power level
corresponding to 105 percent nuclear boiler rated (NBR) steam flow conditions

when an SRV is inadvertently opened.
15.1.4.3.3 Qualitative Results

The opening of an SRV allows steam to be discharged into the suppression
chamber. The sudden increase in the rate of steam flow leaving the reactor

vessel causes a mild depressurization transient.

The pressure regulator senses the nuclear system pressure decrease and closes
the turbine control valve far enough to stabilize reactor vessel pressure at a
slightly lower value, and reactor power settles at nearly the initial power
level. Thermal margins decrease only slightly through the transient, and no
fuel damage results from the transient. Minimum critical power ratio (MCPR) is

essentially unchanged, and therefore the safety limit margin is unaffected.

15.1.4.4 Barrier Performance

As discussed above, the transient resulting from an inadvertent SRV opening is
a mild depressurization that is within the range of normal load following, and,
therefore, has no significant effect on RCPB and containment design pressure

limits.

15.1.4.5 Radiclogical Consequences

While this transient does not result in fuel failure, it does result in the

discharge of normal coolant activity to the
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suppression chahber via SRV operation. Because this activity is contained in
the primary containment, there are no exposﬁres to operating personnel.  This
transient does not result in an unéontrclled release to the envircnment. So,

the plant operétor can  choose to "leave the activity bottled up in the

containment or discharge- it to the environment under controlled release
conditions. If purgingv of - the containment 1is chosen, the release is in

accordance with the established technical specification limits.

15.1.5 Spectrum of Steam Systeém Piping Failures Inside and Outside of
Containment in a PWR

This event is not applicable to boiling water reactor (BWR} plants.

15.1.6 Inadvertent RHR Shutdown Cooling Operation

“The inadvertent RHR' shutdown cooling operation event is considered a non-
’Limiting event. Therefore it is not required to be re-analyzed as a part of
-the relcad licénSing analysis for Hope Creek, unless the disposition for this

event changesijéferehce 15,1-3).

15.1.6.1 Identification of Causes and Frequency Classification

15.1.6.1.1 Identification of Causes

At design power conditions, no .conceivable malfunction in the shutdown cooling

system can cause temperature reduction.

If the reactor were <critical or near critical in startup or . cooldown
COnditiOns,, a very: slow increase 1in reactor power can result. A shutdown
éooling,malfunction leading to a moderator temperature decrease can result from
‘misoperation of thekcooling'water controls for the residual heat removal (RHR)
heat exchangers, The resulting:temperature decrease causes a slow insertion of
1positive'reactivity into‘the core. If the operator does not contrel the power
level, a high neutroh flux reactor scram terminates the transient witheut
violating fuel thermal limits and without any measurable increase in nuclear

© system pressure.
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15.1.6.1.2 Frequency Classification

Although no single failure can cause this transient, it 1is conservatively

categorized as a transient of moderate freguency.

15.1.6.2 Sequence of Events and Systems Operation

15.1.6.2.1 Seguence of Events

A shutdown cooling malfunction leading to a moderator temperature decrease
could result from misoperation of the cooling water controls for RHR heat
exchangers. The resulting temperature decrease causes a slow insertion of
positive reactivity into the core. Scram occurs before any thermal limits are
reached if the operator does not take action. The sequence of transients for

this event is shown in Table 15.1-6.

The above results are representative of cycle 1. These results are considered

bounded by the relcad licensing analysis.

15.1.6.2.2 System Operation

A shutdown cooling malfunction causing a moderator temperature decrease must be
considered in all operating states. However, this transient is not considered
while at power operation, since the nuclear system pressure is too high to

permit operation of the RHR shutdown cooling mode.

No unique safety actions are required to aveid unacceptable safety results for
transients as a result of a reactor coolant temperature decrease induced by
misoperation of the shutdown cooling heat exchangers. In startup or cooldown
operation, where the reactor is at or near critical, the slow power increase
resulting from the cooler moderator temperature is controlled by the operator
in the same manner normally used to control power in the source or intermediate

power ranges.
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15.1.6.2.3 Effect of Single Failures and Operator Action

No single failures can cause this transient to be more severe. If the operator
takes action, the slow power rise is controlled in the normal manner., If no
‘operator action is takeh, a scram terminates the power increase before thermal

limits are reached. See Section 15.9 for details.

v15.l.6.3 Core andVSystem Perfbrmanée

The increased subcooling caused by misoperation of the RHR shutdown cooling
mode can result in a slowjpowervincrease due to the reactivity insertion. This
power rise is terminated by a flux trip before fuel thermal limits are

approached. Therefore, only a gqualitative description is provided here,

15.1.6.4 BarrierVPerfo:mance

As noted above, this event does not result in any temperature or pressure
transiént in excess of the criteria for which thé fuel, pressure vessél, or
containment are designed. Therefore, these barriers maintain their integrity
and function as designed. ' v

15.1.6.5 Radiological Consequeﬁces

Since this transient does not result in any fuel failures, no analysis of

radlological conseQuences is required for this event.
15.1.7 References
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TABLE 15.1-1

SEQUENCE OF EVENTS FOR LOSS OF FEEDWATER HEATING

Time, s Event
0 A 110°F temperature reduction is initiated in the feedwater system.
5 Initial effect of loss of feedwater heating starts to raise core

power level.

Approx Reactor variables settle intc new steady state.
120
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TABLE 15.1-2
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TABLE 15.1-3
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TABLE 15.1-4

SEQUENCE OF EVENTS FOR PRESSURE REGULATOR FAILURE TO 130 PERCENT
(FIGURE 15.1-4)

Time, s ven

0 Simulate steam flow demand to 130 percent.

0.1 Main turbine bypass opens.

5.38 L8 setpoint trips main turbine and feedwater pumps.

5.39 Reactor scram initiated from MSV position switches.

5.39 RPT initiated from MSV position switches.

10.71 First group of SRVs open due to high pressure.
lofl
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TABLE 15.1-5

SEQUENCE OF EVENTS FOR INADVERTENT SAFETY RELIEF
VALVE OPENING

Time, s Event

0 Opening of one SRV is initiated.

0.5 SRV flow reaches full flow.

15 System establishes new steady state operation.
lofl
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TABLE 15.1-6

SEQUENCE OF EVENTS FOR INADVERTENT RHR
SHUTDOWN COOLING OPERATION

Time, s Event
0 Reactor at states B or D (of Section 15.9) when RHR

shutdown cooling inadvertently activated.

0-10 min Slow rise in reactor power.

>10 min Operator may take action to limit power rise. Flux

scram occurs if no action is taken.

lof1l
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15.2 INCREASE IN REACTOR PRESSURE
' 15.2,1 Pressure Regulator Failure - Closed

The pressure regulator failure in the closed position event is considered a
"non-Limiting event. Therefore it is not required to be re-analyzed as a part
of the reload licensing .analysis for Hope Creek, unless the disposition for

this event changes (Reference 15.2-2),

' 15,2.1.1 vIdentification of Causes and Frequency Classification.
15.2.1.1.1 Identification of Causes

Three identical pressure regulators are provided to maintain primary system
,pressure control. They independently sense pressure just upstream of the main
’ Stop valves and ‘compare. it to pressure demand to create proportional error
signals that produce each regulator output. The output of the regulators feeds
into a median select logic, where the median value cohtrols the turbine control
valves (TCV). '

It is assumed for purposes of this transient analysis that a sihgle personnel
error or momentary failure of two pressure regulator channels occurs that

' erroneously causes the regulator to momentarily close the turbine control
" valves and therebyvincreases reactor pressure.

-15.2;1.1.2 Frequency Classification

This event is treated as a moderate frequency event,

15.2.1.2 Sequence of Events and Systeﬁ Operation
15.2.1.2,1 Sequence of Events

A postulated failure of the pressure regulator in the closed mode, as discussed
in Section 15.2.1.1.1, causes the turbine control valves to close momentarily.
The '

1
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pressure increases because the reactor is still generating the initial steam
flow. The regulatdr reopens the valves and reestablishes steady state

operation at the initial pressure equal to the setpoint. .

15.2.1.2.1.1 Identification of Operator Actions
The operator will verify that the regulator assumes proper control.
15.2.1.2.2 Systems Operation

Plant instrumentation and controls are assumed to function normally. This

event requires no protection system or safeguard systems operation.

15.2.1.2.3 The Effect of Single Failures and Operator Errors

A ‘single failure is not credible in this scenario since the pressure controller
is single failure proocf. An Operator error is the assumed cause of a slight

pressure increase.

The assumed failure produces a slight pressure increase in the reactor until

the backup regulator gains control.

15.2.1.3 Core and System Performance

The disturbance 1is mild, similar. to a pressure setpoint change, and no
significant reductions in fuel thermal margins occur. This transient is mudh
less severe than the generator and turbine trip transients described in
Sections 15.2.2 and 15.2.3.

15.2=-2
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15.2.1.3.1 Mathematical Model

Only qualitative evaluation is provided.

15.2.1.3.2 1Input Parameters and Initial Conditions

Only qualitative evaluation is provided.

15.2.1.3.3 Results

Response of the reactor during this regulator failure is such that pressure at
the turbine inlet increases quickly, less than 2 seconds, due to the sharp
closing action of the turbine contrel valves that reopen when the regulator
gains control. This pressure disturbance in the vessel 1is not expected to
exceed flux or pressure scram setpoints.

15.2,1.3.4 Consideration of Uncertainties

All systems used for protection in this event are assumed to have the most
conservative allowable response, e.g., relief setpoints, scram stroke time, and
control rod worth characteristics., Expected plant behavior is, therefore,

expected to reduce the actual severity of the transient.

15.2.1.4 Barrier Performance

Since the corisequences of this event do not result in any temperature or
pressure transient, as shown by Table 15.0-1, in excess of the criteria for
which the fuel, pressure vessel, or containment are designed, these barriers

maintain their integrity and function as designed.

15.2.1.5 Radiological Consequences

Since this event does not result in any fuel failures, or any release of

primary coolant to either the Reactor Building or to

15.2-3
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the environment, there are no radiolcgical consequences associated with this

event,

15,2.2 Generator Load Rejection

The generator load rejection event is considered a potentially limiting event
and is re-analyzed for each reload. The results of the re-analysis of the

generator load rejection event are presented in Appendix 15D.

The re-analysis of the generator load rejection event is performed with the
failure of the main steam bypass system. This event without the operability of
the main steam bypass system is more limiting, so the generator load'rejection

with main steam bypass system operable is not re-analyzed (Ref. 15.2-2).

15.2.2.1 Identification of Causes and Fregquency Classification

15.2.2.1.1 Identification of Causes

Fast ‘closure of the turbine control valves is initiated whenever there is an
electrical grid disturbance resulting in significant loss of electrical load on
the generator. The TCVs are required to close as rapidly as possible to
prevent excessive overspeed of the turbine generator rotor. Closure of the
turbine control valves causes a sudden reduction in steam flow, which results
in an increase in system pressure and reactor shutdown.

15.2.2.1.2 Freguency Classification

15.2.2.1.2.1 Generator Load Rejection

This event is categorized as an incident of moderate frequency.

15.2.2.1.2.2 Generator Load Rejection with Bypass Failure

This event 1is categorized as an infrequent incident with the following

characteristics:
1. Frequency of 0.0036/plant year
2. Mean time betWeen events (MTBE) of 278 years.

Thorough searches of domestic plant operating records have revealed three
instances of bypass failure during 628 bypass system operations. This gives a
probability of bypass failure of 0.0048/event. Combining the actual frequency

of a generator load
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rejection with the failure rate of the bypass yields a frequency of a generator

load rejection with bypass failure of 0.0036 event/plant year,

15.2.2.2 Sequence of Events and System Operation

15.2.2.2.1 Sequence of Events
15.2.2.2.1.1 Generator Load Rejection - Turbine Control Valve Fast Closure

A loss of generator electrical load from high power conditions produces the

sequence of events listed in Table 15.2-1,

The sequence of events listed in Table 15.2-1 and the results in Figure 15.2-1,
which are referred to in the Table 15.2-1, are representative of CPPU
operation. References to percent power, percent of rated, etc., contained in
the text, figures, and tables describing this event are relative to the CPPU
licensed power level of 3480 MW,,. Failure of a single SRV to open has also
been included in the CPPU analysis. These results are considered bounded by

the reload licensing analysis.

15.2.2.2.1.2 Generator Load Rejection with Failure of Bypass

A loss of generator electrical load at high power with bypass failure produces

the sequence of events listed in Appendix 15D.

15.2.2.2.1.3 1Identification of Operator Actions

In the event of generator load rejection, the operator will:
1. Verify proper bypass valve performance

2. Observe that the feedwater/level controls have maintained a

satisfactory reactor water level

3. Observe that the pressure regulator is maintaining the desired

reactor pressure

4. Record peak power and pressure
5. Verify main steam safety/relief valve (SRV) operation.
15.2-5
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15.2.2.2.2 System Operation
15.2.2.2.2.1 Generator Load Rejection with Bypass

To properly simulate the expected sequence of events, this analysis assumes
normal functioning of plant instrumentation and controls, plant protection, and

Reactor Protection Systems (RPS), unless otherwise stated.

Generator load rejection causes turbine control valve fast closure which
initiates a scram signal for power levels greater than 24 percent nuclear
boiler rated (NBR). In addition, recirculation pump trip (RPT) is initiated.
Both of these trip signals satisfy the single failure criterion, and credit is

taken for these protection features.

The pressure relief system, which operates the SRVs independently when system
pressure exceeds SRV instrumentation setpoints, is assumed to function normally

during the time period analyzed.
15.2.2.2.2.2 Generator Load Rejection with Failure of Bypass

This operation 1is similar to that described in Section 15.2.2.2.2.1, except
that failure of the main turbine bypass valves is assumed for the entire

transient.
15.2.2.2.3 The Effect of Single Failures and Operator Errors

Mitigation of pressure increase, the basic nature of this transient, is
accomplished by the RPT function. Turbine control valve trip scram and RPT are
designed to satisfy the single failure criterion. An evaluation of the most
limiting single failure, i.e., failure of the bypass system, was considered in

this event. Details of single failure analysis can be found in Section 15.9.

15.2-6
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15.2.2.3 Core and System Performance

15.2.2.3.1 Mathematical Mcdel

The computer model described in Section 15.1.2.3.1 is used to simulate this

event.

15.2.2.3.2 Input Parameters and Initial Conditions

The turbine Electrohydraulic Control System (EHC) detects load rejection before

a measurable speed change takes place.

The closure characteristics of the turbine control valves are assumed such that
the valves coperate in the partial arc mode and utilize the full stroke closure

time, from fully open to fully closed, of 0.15 seconds.

Auxiliary power 1is normally independent of any turbine-generator overspeed
effects and is continuously supplied at rated frequency as automatic fast
transfer to auxiliary power supplies normally occurs. For the purposes of
worst~case analysis, the reactor recirculation pumps are assumed to be tripped
by the RPT system.

The bypass valve opening characteristics are simulated wusing the specified
delay together with the specified opening characteristic required for bypass

system operation.

Events caused by low water level (L2) trips, including initiation of the high

pressure coclant injection (HPCI) and Reactor Core Isolation
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Cooling (RCIC) Systems, are not included in the simulation. If these events
occur, they will follow sometime after the primary concerns of fuel margin and
overpressure effects have passed and are expected to result in effects less

severe than those already experienced by the reactor system.

15.2.2.3.3 Results

15.2.2.3.3.1 Generator Load Rejection with Bypass

The results presented below are representative of CPPU conditions. References
to percent power, percent of rated, etc., contained in the text, figures, and
tables describing this event are relative to the CPPU licensed power level of
3840 MWy, These results are considered bounded by the reload licensing

analysis.

Figure 15.2-1 shows the results of the generator trip from 100 percent rated
power and 105 percent rated core flow. Peak neutron flux rises to
243.4 percent. The average surface heat flux peaks at 110.3 percent of its
initial value, and minimum critical power ratio (MCPR)} decreases by 0.19 below

its initial wvalue.

15.2.2.3.3.2 Generator Load Rejection with Failure of Bypass

The results of the generator load rejection with failure of bypass are

presented in Appendix 15D.

15.2.2.3.4 Consideration of Uncertainties

The full-stroke closure time of the turbine control valve of 0.15 seconds 1is
conservative. Typically, the actual closure time is more like 0.2 seconds.
Clearly, the less time the wvalve takes to <close, the more severe the

pressurization effect.

Changing from full-arc to partial-arc turbine control results in the load
rejection event being slightly less severe {0.01 to 0.02 delta CPR decrease).
This results because all control valves are fractionally closed initially in

the full-arc mode and thus, during the locad rejection, the steam flow is shut

off sooner than it would be with partial-arc control. Fer this reason, the
load rejection, with full-arc control, bounds the partial-arc control
condition.

All systems used for protection in this event are assumed to have the most
conservative allowable response, e.g., relief setpoints, scram stroke time, and

control rod worth characteristics.
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Therefore, anticipated plant behavior is expected to reduce the actual severity

of the transient.

15.2.2.4 Barrier Performance
15.2.2.4.1 Generator Load Rejection

Peak pressure remains within normal operating range and no threat to the

barrier exists.

15.2.2.4.2 Generator Load Rejection with Failure of Bypass

The results presented in- Appendix 15D show that the peak nuclear system
pressure is well below the reactor coolant pressure boundary (RCPB) pressure

limit of 1375 psigq.

"15.2.2.5 Radiological Consegquences

While this event does nbt result in fuel failures, it does result in the
discharge of normal coolant activity to the suppressicn pool via SRV operation.
Since this activity 1is contained in the primary containment; there 1s no
exposure to coperating personnel. Also, since this event does not result in an
unicontrolled release to the environment, the plant operator can choose to hold

the activity in the containment or discharge it to the environment under

controlled release conditions. If purging of the containment is chosen, the

release will be in accordance with established Hope Creek Technical

Specification limits.
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15.2.3 Turbine Trip

The turbine trip event is considered a pctentially limiting event and is re-
analyzed for each reload. The résults cof the re-analysis of the turbine trip

event are presented in Appendix 15D.

The re-~analysis of the turbine trip event is performed with the failure of the
main steam bypass system. This event without the operability of the main steam
bypass system is more limiting, so the turbine trip with main steam bypass

system operable is not re-analyzed (Reference 15.2-2).

15.2.3.1 Identification cf Causes and Frequency Classification

15.2.3.1.1 Identificaticn of Causes

A variety of turbine or nuclear system malfunctions can initiate a turbine
trip. Some examples are moisture separator drain tank high levels, operational
lock=out,.. less of control fluid pressure, low condenser vacuum, and reactor

vessel high water level,

15.2.3.1.2 Frequency Classification
15.2.3.1.2.1 Turbine Trip

This transient is categorized as an incident of moderate frequency. In
defining the frequency of this event, turbine trips that occur as a byproduct
of other transients, such as loss of condenser vacuum or reactor vessel high
level trip events, are not included. However, spurious low condenser vacuum or
high reactor vessel level trip signals that cause an unnecessary turbine trip
are included. To get an accurate event by event frequency breakdown, this type

of division of initiating causes is required.
15.2.3.1.2.2 Turbine Trip with Failure cf the Bypass
This transient disturbance is categorized as an infrequent incident, Frequency
is expected to be as follows:
1. Frequency of 0,0064/plant year
2. Mean time between events of 156 years.

As discussed in Section 15.2.2.1.2.2, the probability of bypass failure is
0.0048 per event. Combining this with the turbine trip
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frequency of 1.22 events per plant year yields the frequency of 0.0064 per
plant year.

15.2.3.2 Sequence of Events and Systems Operation

15.2.3.2.1 Sequence of Events
15.2.3.2,1.1 Turbine Trip

Turbine trip at high power produces the sequence of events listed in
Table 15.2-3.

The sequence of events listed in Table 15.2-3 and the results in Figure 15.2-3,
which are referred to in the Table 15.2-3, are representative of CPPU
conditions. References to percent power, percent of rated, etc., contained in
the text, figures, and tables describing this event are relative to the CPPU
licensed power level of 3840 MW.,. The failure of a single SRV tc open has
also been included in the CPPU analysis. These results are considered bounded

by the reload licensing analysis.
15.2.3.2.1.2 Turbine Trip with Failure of the Bypass

Turbine trip at high power with bypass failure produces the sequence of events
listed in Appendix 15D.

15.2.3.2.1.3 TIdentification of Operator Actions

In the event of a turbine trip, the operator will:

1. Monitor and maintain reactor water level at the required level.

2. Check the turbine for proper operation of all auxiliaries during
coastdown.

3. Depending on conditions, initiate normal operating procedures for

cooldown of the core, or maintain pressure for restart purposes.

4. Put the Reactor Protection System (RPS) mode switch in the startup

position before the reactor pressure decays to <850 psig.
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5. Secure the Reactor Core Isolation Cooling (RCIC) and High Pressure
Coolant Injection (HPCI}) System operation if automatic initiation

occurs due to low water level.

6. Monitor control rod drive (CRD) positions and insert both the
intermediate range monitors (IRMs) and source range monitors
{SRMs) .

7. Investigate the cause of the trip, make repairs as necessary, and

complete the scram report.

8. Cool down the reactor per standard procedure if a restart is not

intended.

15.2.3.2.2 Systems Operation

15.2.3.2.2.1 Turbine Trip

All plant control systems maintain normal operation unless specifically

designated to the contrary.

Main stop valve closure initiates a reactor scram by position signals to the

RPS. Credit is taken for successful operation of the RPS.

Main stop valve closure initiates recirculation pump trip (RPT}, thereby

terminating the jet pump drive flow.

The pressure relief system, which operates the main steam safety relief valves
(SRVs) independently when system pressure exceeds the SRVs' instrumentation

setpoints, is assumed to function normally during the time period analyzed.

15.2-12
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15.2.3.2.2.2 Turbine Trip with Failure of the Bypass

This event occurs as described in Section 15.2.3.2.2.1, except that failure of
the main turbine bypass system is assumed for the entire transient time period

analyzed.
15.2.3.2.2.3 Turbine Trip at Low Power with Failure of the Bypass

This event occurs as described in Section 15.2.3.2.2.1, except that failure of

the main turbine bypass system is assumed.

It should be noted that below 24 percent nuclear boiler rated (NBR) power
level, a MSV scram trip inhibit signal, derived from the first stage pressure
of the turbine, is activated. This prevents the MSV trip scram signal from
scramming the reactor, provided the bypass system functions properly. In other
words, the bypass would be sufficient at this low power to accommodate a
turbine trip without the necessity of shutting down the reactor. All other
protection system functions remain operational, as before, and credit is taken

for those protection system trips.
15.2.3.2.3 The Effect of Single Failures and Operator Errors
15.2.3.2.3.1 Turbine Trips at Power Levels Greater Than 24 percent

Mitigation of pressure increase, the basic nature of this transient, is
accomplished by the RPS function. MSV closure trip scram and recirculation

pump trip (RPT) are designed to satisfy the single failure criterion.
15.2.3.2.3.2 Turbine Trips at Power Levels Less Than 24 Percent NBR

This event occurs as described in Section 15.2.3.2.3.1, except RPT and MSV
closure trip scram is normally inoperative. Since protection is still provided
by high flux, high pressure, etc, these also continue to function and scram the

reactor if a single failure occurs.
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15.2.3.3 Core and System Performance

15.2.3.3.1 Mathematical Model

The computer model described in Section 15.1.2.3.1 was used to simulate these

events.

15.2.3.3.2 Input Parameters and Initial Conditions

The full stroke closure time of the MSV is 0.1 second.

A reactor scram is initiated by position switches on the MSVs when the valves
are less than 90 percent open. This MSV scram trip signal is automatically

bypassed when the reactor is below 24 percent NBR power level.

Reduction in core recirculation flow is initiated by position switches on the

MSVs, which actuate trip circuitry that trips the recirculation pumps.
15.2.3.3.3 Results

15.2.3.3.3.1 Turbine Trip

The results presented below are representative of CPPU conditions. References
to percent power, percent of rated, etc., contained in the text, figures, and
tables describing this event are relative to the CPPU licensed power level of
3840 MW, These results are considered bounded by the relcad licensing

analysis.

A turbine trip with the bypass system operating normally 1is simulated at

100 percent NBR power and 1l05percent core flow conditions on Figure 15.2-3.

Neutron flux increases rapidly because of the void reduction caused by the
pressure increase. However, the flux increase is limited to 273.5 percent NBR
by the scram initiated by the MSV trip and the RPT system. Peak fuel surface
heat flux does not exceed 112.2 percent of its initial value. Minimum critical

power ratio (MCPR) remains above the safety limit.
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15.2.3.3.3.2 Turbine Trip with Failure of Bypass

The results of the turbine trip with failure of bypass are presented in

Appendix 15D.

15,2.3.3.3.3 Turbine Trip with Bypass Valve Faillure, Low Power

This transient is less severe than a similar one at high power. Below
24 percent of rated pcwer, the MSV closure, turbine control valve closure
scrams and the RPT are automatically bypassed. At these lower power levels,
turbine first stage pressure is used to initiate the scram logic bypass. The
scram that terminates the transient is initiated by high neutron flux or high
vessel pressure. The bypass valves are assumed to fail. Therefore, system
pressure increases until the pressure relief setpoints are reached. At this
time, because of the relatively low power of this transient event, relatively

few SRVs open to limit reactor pressure.

15.2.3.3.4 Considerations of Uncertainties

Uncertainties in these analyses involve protection system settings, system
capacities, and system response characteristics. In all cases, the most

conservative values are used in the analyses. For example:
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1. Slowest allowable control rod scram motion is assumed.

2. Scram worth shape for all-rods-out conditions 1s assumed.

3. Minimum specified SRVs capacities are used for overpressure
protection.

4. Analytical setpoints of the SRVs are approximately 3 percent higher

than the valves' specified setpoints.

15,2.3.4 Barrier Performance

15.2.3.4.1 Turbine Trip

Peak pressure in the bottom of the vessel reaches 1195 psig, which is below the:
ASME B&PV Code limit of 1375 psig for the RCPB. The severity of turbine trips
from lower initial power levels decreases to the point where a scram can be
avolded if auxiliary power 1is available from an external source and the steam

flow is within the bypass capability.

15.2.3.4.2 Turbine Trip with Failure of the Bypass

The SRVs open and close sequentially as the stored energy is dissipated and the
pressure falls below the setpoints of the valves. The results presented in
Appendix 15D show that the peak nuclear system pressure remains below the RCPB
pressure limit of 1375 psig.

15.2.3.4.2.1 Turbine Trip with Failure of Bypass at Low Power

Qualitative discussion is provided in Section 15.2.3.3.3.3.
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15.2.3.5 Radioclogical Conseguences

While this event does not result in fuel failure, it does result in the
discharge of normal coolant to the suppression pool via SRVs. Since this
activity is contained in the primary containment, there i1s no exposure to
operating personnel. Since this event also does not result in an uncontrolled
release to the environment, the plant operator can choose to hold the activity
in the containment or discharge it to the environment under controlled release
conditions. If purging of the containment is chosen, the release 1is in

accordance with established Hope Creek Technical Specification limits.

15.2.4 Main Steam Isclation Valve Closures

The main steam isolation valve closure events are considered a non-Limiting
event. Therefore it is not required to be re-analyzed as a part of the reload
licensing analysis for Hope Creek, unless the disposition for this event

changes (Reference 15.2-2).

The results referenced within this section are representative of CPPU
conditions. References to percent power, percent of rated, etc., contained in
the text, figures, and tables describing this event are relative to the CPPU
licensed power level of 3840 MW,. These results are considered bounded by

the reload licensing analysis.

15.2.4.1 1Identification of Causes and Frequency Classification

15.2.4,1.1 Identification of Causes

Various steam line and nuclear system malfunctions or operator actions can
initiate main steam isolation valve (MSIV) closure. Examples are low steam

line pressure, high steam line flow, low water level, or manual action.
15.2.4.1.2 Frequency Classification

15.2.4.1.2.1 Closure of All MSIVs

This event is categorized as an incident of moderate frequency. To define the
frequency of this event as an initiating event and not as the byproduct of

another transient, only the following contribute to the frequency:
1. Manual action (intended or inadvertent)

2. Spurious signals, such as low pressure, low reactor water level,

and low condenser vacuum
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3. Equipment malfunctions, such as faulty valves.

Depending on reactor conditions, closure of one MSIV may cause immediate
closure of all the other MSIVs. If this occurs, it is alsc included in this
event category. During the MSIV closure, position switches on the valves
provide a reactor scram if the wvalves in three or more main steam lines are
less than 90 percent open, (See Note 1, Table 15.2-5) except for interlocks
that permit proper plant startup. However, protection system logic permits the

test closure of one MSIV without initiating scram from the position switches.

15.2.4.1.2.2 Closure of One MSIV

This event 1is categorized as an incident of moderate freguency. One MSIV may
be manually closed for testing purposes. ({The MSIVs are tested weekly at five
percent closure and quarterly at 100 percent closure.) Operatocr error or
equipment malfunction may cause a single MSIV to be inadvertently closed. If
reactor power 1is greater than about B0 percent when this occurs, a high flux
scram or high steam line flow isolation may result. If all MSIVs close as a

result of the single closure, the event is considered a closure of all MSIVs.

15.2.4.2 Sequence of Events and Systems Operation

15.2.4.2.1 Sequence of Events

Table 15.2-5 lists the sequence of events for Figure 15.2-5.

The above results are representative of CPPU conditions. References to percent
power, percent of rated, etc., contained in the text, figures, and tables
describing this event are relative to the CPPU licensed power level of 3840

MW.,. These results are considered bounded by the reload licensing analysis.

15.2.4.2.1.1 Identification of Operator Actions

The following is the sequence of operator actions expected during the course of

the event, assuming no restart of the reactor. In this case, the operator
will:
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Observe that all rods have been inserted.

Observe that the main steam safety/relief walves (SRVs) have opensd
for reactor pressure control.

Check that reactor core isolation -ceoling (RCIC)/high .pressure
coolant injection (HPCI) automatically starts at low-low (L2)

. reactor water level.

Switch the feedwater controller:to the manual position.

Determine the cause of valve closure before resetting the MSIV
isolation.

Observe turbine coastdown -and break vacuum before -the loss of

sealing: steam; check .~turbine - generator - auxiliaries .for propexr
. operatien,

Reset -and open MSIVs if. conditions warrant and ensure that the
pressure regulator setpoint is above vessel pressure.

Secure RCIC/HPCI after the reactor vessel level .has recovered tc a
satisfactory level. v

. Initiate shutdown cooling after - reactor pressure :@has decayed

sufficiently for RHR operation.... . - - S

Survey maintenance requirements and complete the scram report.
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15.2.4.2.2 Systems Operation

15.2.4.2.2.1 Closure of All MSIVs

MSIV closures initiate a reactor scram via position signals to the Reactor

Protection System (RPS). Credit is taken for successful operation of the RPS.

The Pressure Relief System, which initiates the opening of the SRVs when system
pressure exceeds relief wvalve instrumentation setpoints, is assumed to function
normally during thé time period analyzed. All plant control systems are

assumed to be functional.

15.2.4.2.2.2 Closure of One MSIV

A closure of a single MSIV at any given time does not initiate a reactor scram.
This i1s because the valve position trip scram logic 1s designed to accommodate
single valve operation and testability during normal reactor operation at
limited power levels. Credit is taken for the cperation of the pressure and
flux signals to initiate a reactor scram,. All plant control systems are

assumed to be functional.

15.2.4.2.3 The Effect of Single Failures and Operator Errors

Mitigation of pressure increase is accomplished by initiation of the reactor
scram via MSIV position switches and the RPS. SRVs also operate to limit
system pressure. All of these aspects are designed to the single failure
criterion and additional single failures would not alter the results of this

analysis.

Failure of a single SRV to open is included in the CPPU analysis. The peak
pressure still remains below 1375 psig. The design basis and performance of the

pressure relief system is discussed in Section 5.2.2.
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15.2.4.3 Core and System Performance

15.2.4.3.1 Mathematical Model

The predicted dynamic behavior has been determined using the computer model
described in Section 15.1.2.3.1. This model 1is described in detail in
Reference 15.1-2,

15.2.4.3.2 Input Parameters and Initial Conditions

The MSIVs close in 3 to 5 seconds. The worst case, which is the 3-second
closure time, is assumed in this analysis. The analysis performed for CPPU
conditions conservatively assumes a 2.4 second closure time to address

uncertainty in plant measurements when actual closure time tests are performed.

Position switches on the MSIVs initiate a reactor scram when the valves are
less than 90 percent open (See Note 1, Table 15.2-~5). Closure of these valves

inhibits steam flow to the feedwater turbines terminating feedwater flow.

Because of the loss of feedwater flow, water level within the vessel decreases
sufficiently to initiate trip of the recirculation pump and to initiate the
HPCI and RCIC systems.

15.2.4.3.3 Results

The results presented below are representative of CPPU conditions. References
to percent power, percent of rated, etc., contained in the text, figures, and

tables describing this event are relative to the CPPU licensed power level of

3840 MW.,. These results are considered bounded by the reload licensing
analysis.
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15.2.4.3.3.1 Closure of All MSIVs

Figure 15.2-5 shows the changes in important nuclear system variables for the
simultaneous isclation of all main steam lines while the reactor is operating
at 100 percent of nuclear boiler rated ({SBR) power and 105 percent core flow.
Due toc the nonlinear valve characteristics, the initial movement of the valves
would not cause any significant pressurization. However, the conservative
assumed scram reactivity is insufficient to prevent neutron flux from
increasing as the reactor pressure increases when the valves apprcach full
closure. Therefore, the neutron flux increases to a level of 233.1 percent.

The average surface heat flux peaks at 103.5 percent of its initial value.

15.2.4.3.3.2 Closure of One MSIV

To prevent a scram, only one isolation valve at a time is permitted to be
closed for testing purposes. Normal test procedure requires an initial power
reduction to the range 80 to 90 percent of design conditions in order to avoid
high flux scram, high pressure scram, or full isolation from high steam flow in
the live lines. With a 3-second closure of one MSIV at CPPU conditions, the
steam flow disturbance may raise vessel pressure and reactor power enough to
initiate a high neutron flux scram. This transient is considerably milder than
closure of all MSIVs at full power. No quantitative analysis is furnished for
this event. No significant change in thermal margins is experienced and no

fuel damage occurs. Peak pressure remains below SRV setpoints.

As described in Section 15.9, inadvertent closure of one or all of the MSIV
while the reactor is shut down produces no significant transient. Closures
during plant heatup, operating state D, will be less severe than those in the

maximum power cases discussed in Section 15.2.4.3.3.1.
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Uncertainties in these analyses involve protection system settings, system
capacities, and system response characteristics. In all cases, the most

conservative values are used in the analyses. For example:

1. Slowest allowable control rod scram motion is assumed.

2. Scram worth shape for all-rods-out conditions is assumed.

3. Minimum specified SRVs' capacities are used for overpressure
protection.

4, Analytical setpoints of the SRVs are assumed to be about three

percent higher than the specified setpoints.

15.2.4.4 Barrier Performance

15.2.4.4.1 Closure of All MSIVs

The SRVs begin to open approximately 3 seconds after the start of isclation.
The valves close seqguentially as the stored heat is dissipated but continue to
intermittently discharge the steam resulting from decay heat. Peak pressure at
the vessel bottom reaches 1229 psig, clearly below the pressure limits of the
reactor coolant pressure boundary (RCPB).

15.2.4.4.2 Closure of One MSIV

No significant effect is imposed on the RCPB, since if closure of the valve
occurs at an unacceptably high operating power level, a flux or pressure scram
results. The main Turbine Bypass System continues to regulate system pressure

via the other three "live" steam lines.

15.2.4.5 Radiological Conseguences

While this event does not result in fuel failures, it does result in the
discharge of normal coolant to the suppression pool via SRVs. Since this
activity is contained in the primary containment, there 1is no exposure to
operating personnel. Since this event also does not result in an uncontrolled
release to the enviromnment, the plant operator can choose to hold the activity
in the containment or discharge it to the environment under controlled release
conditions. If purging of the containment is chosen, the release will be in

accordance with established Hope Creek Technical Specification limits.
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15.2.5 Loss of Condenser Vacuum

The loss of condenser vacuum event 1is considered a non-Limiting event.

Therefore it is not required to be re-analyzed as a part of the reload

licensing analysis for Hope Creek, unless the disposition for this event

changes (Reference 15.2-2).

The results referenced within this section are representative of cycle 1,
References to percent power, percent of rated, etc., contained in the text,

figures, and tables describing this event are relative to the Cycle 1 licensed
power level of 3293 MW,. These results are considered bounded by the reload
licensing analysis..

15.2.5.1 Tdentification of Causes and Frequency Classification | §

15.2.5.1.1 Identification of Causes

Various system malfunctions that can cause a loss of condenser vacuum due to

single equipment failure are designated in Table 15.2-6.
i5.2.5.1.2 Frequency Classification
This event is categorized as an incident of moderate frequency.

15.2.5.2 Sequence of Events and Systems Operation

15.2,5.2.1 Sequence of Events

Table 15.2-7 lists the sequence of events for the loss of condenser vacuum

transient, shown on Figure 15.2-6. § :

The above results are representative of cycle 1. References to percent power,
percent of rated, etc., contained in the text, figures, and tables describing
this event are relative to the Cycle 1 licensed power level of 3293 MW,.

These results are considered bounded by the relcad licensing analysis.

15.2.5.2.1.1 Identification of Operator Actions

In the event of loss of condenser vacuum, the operator will:

1. Monitor and maintain reactor water level at the required level.

2. Check the turbine for proper operation of all auxiliaries during
coastdown.

3. Depending on conditions, initiate normal operating procedures for

cooldown, or maintain pressure. for restart purposes.
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4, Put the Reactor Protection System {(RPS) mode switch in the startup

position before the reactor pressure decays to <850 psigqg.

3. Secure the high pressure coolant injection (HPCI} and reactor core
isolation cooling (RCIC) operation if automatic initiation occurred

due to low reactor vessel water level.

6. “Monitor contrel rod drive (CRD) positions and insert both the
intermediate range monitors (IRMs) and source range monitors
{SRMs) .

7. Investigate the cause of the trip, make repairs as necessary, and

complete the scram report.

8. Cooldown the reéctor per standard procedure if a restart is not

inteénded.

v15.2.5.2.2 Systems Operation

In establishing the expected sequence of events and simulating the plant
performance, it was assumed that the plant instrumentation and controls, plant

protection, and reactor protection systems were functioning normally.

Trip functions initiated by sensing main turbine condenser vacuum pressure are

designated in Table 15,2-8.
15.2.5.2.3 The Effect of Single Failures and Operatdr Errors

This event does not lead to a general increase in reactor power level. Power

increase is mitigated by the scram.

Failure of the integrity of the Off-gas Treatment System is -considered an

accident situation and»is described in Section 15.7.1.
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Single failures do not affect the vacuum monitoring and turbine trip devices
that are redundant. Further discussion of the effects of a single failure is

presented Section 15.9.

15.2.5.3 Core and System Performance

15.2.5.3.1 Mathematical Model

The computer model described in Section 15.1.2.3.1 was used to simulate this

transient event.

15.2.5.3.2 Input Parameters and Initial Conditions

This analysis was performed with plant conditions as tabulated in Table 15.0-3,

unless otherwise noted.
The main stop valve (MSV) full stroke closure time is 0.1 second.

. A reactor scram is initiated by position switches con the MSVs when the valves
are less than 90 percent open. This MSV trip scram signal is automatically
bypassed when the reactor is below 30 percent nuclear boiler rated (NBR) power

level,

The analysis presented here is a hypothetical case with a vacuum decay rate of
2 inches of mercury per second. Thus, the bypass system is available for

several seconds, because the bypass 1s signaled to close at a vacuum level of

about 10 inches of mercury less than the MSV closure.

15.2.5.3.3 Results

The results presented below are representative of cycle 1. References to
percent power, percent of rated, etc., contained in the text, figures, and
tables describing this event are relative to the Cycle 1 licensed power level
of 3293 MW,. These results are considered bounded by the relocad licensing

analysis,

Using this rate of vacuum decay conditions, the turbine bypass valve and main
steam isolation valve (MSIV} closure would follow main turbine and feedwater
turbine trips about 5 seconds after the trips initiate the transient. This
transient, therefore, is similar to a normal turbine trip with bypass. The
effect of MSIV closure tends to be minimal, since the closure of MSVs and the
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subsequent closure of the bypass valves have already shut off the main steam
line flow. Figure 15.2-6 shows the transient expected for this event. It is
assumed that the plant is initially operating at 105 percent of Cycle 1 NBR
steam flow conditions. Peak neutron flux reaches 132.4 percent of NBR power
while average fuel surface heat flux reaches 104.7 percent of rated value main
steam safety/relief valves (SRVs) open to limit the pressure rise, and then

sequentially reclose as the stored energy is dissipated.
15.2.5.3.4 Considerations of Uncertainties

The reduction or loss of vacuum in the main turbine condenser sequentially
trips the main and feedwater turbines and closes the MSIVs and bypass valves.
While these are the major events, scram from MSV closure and bypass opening
with the main turbine trip are also included. Because the protective actions
are actuated at wvarious levels of condenser vacuum, the severity of the
resulting transient is directly dependent upon the rate at which the vacuum
pressure is lost. Normal loss of vacuum due to loss of cooling water pumps, or
a steam jet air ejector problem, produces a very slow rate of loss of vacuum,
i.e., in minutes, not seconds (see Table 15.2-6 for comparison). If corrective
actions by the reactor operators are not successful, then the main and
feedwater turbines trip simultaneously, and ultimately, complete isoclation
occurs by closing the MSIVs and the bypass valves that have been opened by the

main turbine trip.

A faster rate of loss of the condenser vacuum would reduce the anticipatory
action of the scram and the overall effectiveness of the bypass valves, since

they would be closed more quickly.

Other uncertainties in these analyses involve RPS settings, system capacities,
and system response characteristics. In all cases, the most conservative

values are used in the analyses. For example:
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1. Slowest allowable control rod scram moction is assumed.

2, Scram worth shape for all rods out conditions is assumed.

3. Minimum specified SRVs' capacities are used for overpressure
protection.

q. Analytical setpoints of the SRVs are assumed about 1 percent higher

than the specified setpoints.

15.2.%5.4 Barrier Performance

Peak pressure is 1178 psig at the vessel bottom, which is below the reactor
coolant pressure boundary (RCPB) transient pressure limit of 1375 psig. Vessel
dome pressure does not exceed 1151 psig. A comparison of these values to those
for turbine trip with bypass failure at high power (see Section 15.2.3.4.2)
shows the similarities between these two transients. The differences are the
loss Sf feedwater and main steam line isolation, and the resulting low water

level trips.

15.2.5.5 Radiological Conseguences

While this event does not result in fuel failures, it does result in the
discharge of normal coolant activity to the suppression pool via SRV operation.
Since this activity 1is contained in the primary containment, there is no
exposure to operating personnel. - Since this event does not result in an
uncontrolled release to the environment, the plant operator can choose to hold
the activity in the containment or discharge it to the environment under
controlled release conditions. If purging of the containment is chosen, the
release will be 1in accordance with established Hope Creek Technical

Specification limits.
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15.2.6 Loss of AC Power

The loss of AC power event is considered a non~Limiting event. Therefore it is
not required to be re-analyzed as a part of the reload licensing analysis for
Hope Creek, unless the dispecsition for this event changes (Reference 15.2-2).

The results referenced within this section are representative of cycle 1.
References to percent power, percent of rated, etc., contained in the text,

figures, and tables describing this event are relative to the Cycle 1 licensed
power level of 3293 MW,,. These results are considered bounded by the reload
“licensing analysis,

15.2.6.1 Identification of Causes and Frequency Classification

15.2.6.1.1 Identification of Causes
15.2.6.1.1.1 Loss of Auxiliary Power

"Loss of auxiliary power to the station auxiliary power buses can be caused by

any one of the follbwihg: .

1. Loss of the two interconnections between the 500-kV switchyard at

Hope Creek and the 13.8~kV ring bus.

2. Failure of station power and station service transformers such that
none of the buses is energized. Section 8.3 discusses the

electrical distribution,

The loss of auxi;iary-power event 1is the same as the loss of all grid-
connections event, because of the HCGS switchyard design. Section 8.1
discusses the switchyard design. Hence, the loss of ac power event will only

be discussed in terms of loss of all grid-connection event consequences.
15.2.6.1.1.2 Loss of All Grid Connections

The loss of all grid conhections can result from.major shifts in electrical
loads, loss of loads, >lightning, storms, wind,' etc, which contribute to
electrical grid instabilities. These instabilities cause equipment damage if
-unchecked. Protective relay schemes automatically disconnect electrical

sources and loadsvto'mitigate damage and regain electrical grid stability.
15.2.6,1.2 Frequency Classification

The loss of all grid connections is categorized as an incident of moderate

.

frequency.
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15.2.6.2 Seguence of Events and Systems Operation

15.2.6.2.1 Sequence of Events

Table 15.2-2 lists the sequence of events for loss of all grid connections.

Figure 15.2-7 provides the results of the events analysis.

The above results are representative of cycle 1. References to percent power,
percent of rated, etc., contained in the text, figures, and tables describing
this event are relative to the Cycle 1 licensed power level of 3293 MwW,.

These results are considered bounded by the reload licensing analysis.

15.2.6.2.1.1 Identification of Operator Actions

In the event of loss of ac power, the operator will:

1. Maintain the reactor water level by use of the Reactor Core
Isclation Cocling (RCIC) and High Pressure Coclant Injection (HPCI)
Systems.

2. Control reactor pressure by use of the main steam safety/relief
valves (SRVs).

3. Verify that the turbine dc¢ o0il pump is operating satisfactorily to
prevent turbine bearing damage.

4, Verify proper switching and loading of the standby diesel

generators.,

The following is the sequence of operator actions expected during the course of

the events when no immediate restart is assumed. In this case, the opefator
will:

1. Verify all the rods are in, following the scram.

2. Check that the standby diesel generators (SDGs) start and carry the

vital loads.

3. Check that both RCIC and HPCI systems start when the reactor vessel
level drops to the initiation point after the SRV opens.
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4. Break the vacuum before the loss of sealing steam occurs.
o . . . 5. Check turbine generator auxiliaries during coastdown.

6. When both the reactor pressure and level are under control, secure

both HPCI and RCIC systems as necessary.

7.  Continue cooldown per the applicable procedures.

8. Complete the scram report and survey the maintenance requirements.
15.2.6.2.2 Systems Operation
The loss . of all grid connections, unless otherwise stated, assumes and takes
credit - for normal functioning of plant instrumentation and controls, plant
protection, and RPS.
The reéctor is'subjected’to a complex sequence of events when the plant loses
all grid connections. Estimates of the responses of the various reactor
systems, assuming loss of all grid connections, provide the following

simulation sequence:

.‘ ‘ 1. A generator load "rejection occurs at time t=0, which immediately

forces the turbine control valves ({TCVs) closed and causes a scram.

2. The reactor recirculation pumps are tripped at reference time t=0

with normal coastdown times.

3. Ihdependent main steam isolation valve. (MSIV) closure is initiated

due to loss of power,

4. At approximately 2 seconds the feedwater pump trips are initiated.
' 15.2-31 o
. HCGS~UFSAR Revision 10
' - September 30, 1999




Cperation of the HPCI and RCIC system functions is not simulated in this
analysis. Thelr operation occurs after fuel thermal margin and oﬁerpresSure

effects are of concern,

15.2.6.2.3 The Effect of Single Failures and Operator Errors

Loss of all grid connections leads to a reduction in powexr level due to rapid
reéirculation punmp coastdown and pressurization due to MSIV closure after the
reactor scram. = Failures in protection systems have been considered, and
satisfy the single failure criteria. No change in analyzed consequences is

expected. See Section 15.9 for details on single failure analysis.

15.2.6.3 Core and System Performance

15.2.6,3.1 Mathematical Model
The computer model described in Section 15.1.2.3.1 was used to simulate this

event.

Operation of the RCIC or HPCI system is not included in the simulation of this
transient. ‘

15.2.6.,3.2 Input Parameters and Initial Conditions

The loss of all grid connections event has been performed, unless otherwise
noted, with plant conditions as tabulated in Table 15.0-3 and under the assumed
systems constraints described in Section 15.2.6.2.2. .

15.2.6.3.3 Results

The results presented below are represéntative of cycle 1. References to
percent power, percent of rated, etc., contained in the text; figures, and
tables describing this event are relative to the Cycle 1 licensed power level
of 3293 MW. These results are considered bounded by the reload licehsing

analysis.

Figure 15.2-7 shows graphically the simulated loss of all grid cennections
transient. The results are similar to the load rejection discussed in
Section 15.2.2. Peak neutron flux reaches 120.6 percent of nuclear boiler
rated (NBR) power while fuel surface heat flux peaks at 100.1 percent of

initial value.
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15.2.6.3.4 Consideration of Uncertainties

The most conservative characteristics of protection features are assumed. Any
actual deviations in plant performance are expected to make the results of this

event less severe.

\Operation of the RCIC or HPCI systems is not included in the simulation of the
first 50 seconds of this transient. Startup of these pumps occurs in the
latter part of this time period and has no significant effect on the results of

this transient.

The trip of the’feedwater>tufbines may occur earlier than simulated if the
inerfia of the condensate and booster pumps is not sufficient to maintain
feedwater pump suction preésure above the low suction pressure trip setpoint.
The simulation assumes sufficient inertia and thus the feedwater pumps are not
tripped until 2 seconds after MSIV closure. V

Following main steam line ‘isolation, the reactor pressure 1is expected to
increase until the SRV setpoints are reached. During this time, the SRVs

operate in a cyclic mannéer to discharge the decay heat to the suppression pecol.

15.2.6.4 Barrier'Performance

For the loss of all grid connection event, the SRVs open in the pressure relief
mode of operation as the pressure increases beyond their setpoints. The
pressure at the bottom of the vessel is limited toc a maximum value of

1198 psig, well below the vessel pressure limit of 1375 psig.

15.2.6.5 Radiological Consequences

While this event does not result in fuel failure, it does result in the
discharge of normal coolant to the suppression pbol via SRVs. Since this
activity is contained in the primary containment, there is no exposure to

operating personnel. Since
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this event also does not result in an uncontrolled release to the environment,
the plant operator can choose to hold the activity in the containment or
discharge it to the environment under controlled release conditiocns. If
purging of the containment is chosen, the release will be in accordance with
established Hope Creek Technical Specification limits.

15.2.7 Loss of Feedwater Flow

The loss of feedwater flow event is considered a non-Limiting event. Therefore
it is not required to be re-analyzed as a part of the relcad licensing analysis
for Hope Creek, unless the disposition for this event changes (Reference 15.2-
2).

The results referenced within this section are representative of Cycle 1.
References to percent power, percent of rated, etc., contained in the text,
figures, and tables describing this event are relative to the Cycle 1 licensed
power level of 3293 MWy,. In addition, results for reactor level response are
provided for the CPPU condition. These results are considered bounded by the
reload licensing analysis.

15.2.7.1 Identification of Causes and Frequency Classification

15.2.7.1.1 Identification of Causes

A loss of feedwater flow could occur from pump failures, feedwater controller
failures, operator errors, the high vessel water level (L8) feedwater pump trip
signal, or Reactor Protection System (RPS) trips.

15.2.7.1.2 Frequency Classification

This transient is categorized as an incident of moderate frequency.

15.2.7.2 Sequence of Events and Systems Operation

15.2.7.2.1 Sequence of Events

Table 15.2-10 lists the sequence of events for Figure 15.2-8.

The above results are representative of cycle 1. References to percent power,
percent of rated, etc., contained in the text, figures, and tables describing
this event are relative to the Cycle 1 licensed power level of 3293 MWy.
These results are considered bounded by the relocad licensing analysis.

15.2.7.2.2 Identification of Operator Actions
In the event of loss of feedwater flow, the operator will:
1. Ensure reactor core isolation cooling (RCIC) and high pressure

coolant injection (HPCI) actuation so that water inventory is
maintained in the reactor vessel.
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2. Monitor and control reactor water level and pressure.
. 3. Monitor turbine generator auxiliaries during shutdown.

The following is the sequence of operatcr actions expected during the course of

the event when no immediate restart is assumed. The operator will:

1. Verify that all rods are in, following the scram.
2. Verify HPCI and RCIC initiation.
3. Verify that the main steam safety/relief valves (SRVs) open on

reactor high pressure,

4. Verify that the reactor recirculation pumps trip on reactor low-low
level.

5. Secure HPCI when reactor level and pressure are under control.

6. Continue operation of the RCIC system until decay heat diminishes

to a point where the RHR system can be put into service.
. 7. Monitor the turbine coastdown and break the vacuum as necessary.
8. Complete the scram report and survey the maintenance requirements.
15,2.7.2.3 BSystem Operation
Loss of feedwater flow results in a proportional reduction 6f vessel inventory
causing the vessel water level to drop. The first corrective action is the low

level, L3, scram actuation. RPS responds in about 1 second after this trip to

scram the
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reactor. The low level, L3, scram function meets the single failure criterion.

Containment isolation, when it occurs, would alsc dinitiate a main steam
isolation valve (MSIV) position scram signal as part of ‘the normal isclation

event. The reactor, however, is already scrammed and shut down by this time.

15.2.7.2.4 The Effect of Single Failures and Operator Errors

This event results in a lowering of vessel water level. Key corrective efforts
to shut down the reactor are automatic and are designed to satisfy the single
failure criterion. Therefore, any additional failure in these shutdown methods
would not aggravate or change the simulated transient. See Section 15.9 for
~details.

The potential exists for a single SRV failing to close once it is opened. This
is discussed in Section 15.1.4. Either the HPCI or RCIC system is capable of

maintaining adequate core coverage and provides long term inventocry control.

15.2.7.3 Core and System Performance
15.2.7.3.1 Mathematical Model

The computer model described in Section 15.1.2.3.1 is used to simulate this

~event.

15.2.7.3.2 Input Parameters and Initial Conditions

These analyses have been performed with plant conditions as tabulated in
Table 15.0-3.

15.2.7.3.3 Results

The results presented below are representative of cycle 1. References to
percent power, percent of rated, etc., contained in the text, figures, and
tables describing this event are relative to the Cycle 1 licensed power level
of 3293 MW,,. These results are considered bounded by the reload licensing

analysis.

The results of this transient simulation are shown on Figure 15.2-8. Feedwater

flow terminates at approximately
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5 seconds after initiation of the accident. Subcooling decreases, causing a
reduction in core power level and pressure. As power level is lowered, the
turbine steam flow starts to drop off because the pressure regulator is
initially attempting to maintain pressure for approximately 7 secends. Water
level continues to drop until the vessel level, L3, scram setpoint is reached,
whereupon the reactor 1is shut down. When water level drops to L2, the
recirculation system is also tripped, and HPCI and RCIC system operation is
initiated. In the CPPU analysis, the HPCI system is assumed to fail. The
minimum reactor water level inside the shroud reaches 446 inches above vessel
zero (AVZ) which is 80 inches above top of active fuel (TAF). The minimum
water level in the vessel downcommer reaches 389 inches AVZ., Minimum critical
power ratio (MCPR) remains considerably above the safety limit since increases

in heat flux are not experienced.
15.2.7.3.4 Considerations of Uncertainties
End of cycle scram characteristics are assumed.

This transient is more severe at high power conditions, because the rate of
water level decrease 1s greater and the amount of stored and decay heat to be

dissipated is higher.

Operation of the RCIC or HPCI systems is not included in the simulation of the
first 50 seconds of this transient since startup of these pumps occurs in the
latter part of this time period. The CPPU analysis demonstrates that the RCIC
system alone 1is capable of maintaining reactor water level above the top of

active fuel.

15.2.7.4 Barrier Performance

Peak pressure in the bottom of the vessel reaches 1059 psig, which is below the
ASME B&PV Code limit of 1375 psig for the RCPB. Vessel dome pressure does not
exceed 1020 psig. The consequences of this event do not result in any
temperature or pressure transient in excess of the criteria for which the fuel,
pressure vessel, or containment are designed. These barriers maintain their
integrity and function as designed.
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15.2.7.5 Radiological Conseguences

While this event does not result in fuel failure, it does result in the
discharge of normal coolant to the suppression pool via SRVs, Since this
activity is contained in the primary containment, there is no exposure to
operating personnel. Since this event also does not result in an uncontrolled
release to the environment, the plant operator can choose to hold the activity
in the containment or discharge it to the environment under controlled release
conditions, If purging of the containment is chosen, the release will be in

accordance with established Hope Creek Technical Specification limits.
15.2.8 Feedwater Line Break

Feedwater line break is discussed in Section 15.6.6.

15.2.9 Failure of RHR Shutdown Cooling

The Failure of RHR Shutdown Cooling event is considered a non-Limiting event.
Therefore it 1s not required to be ‘re-analyzed as a part of the reload
licensing analysis for Hope Creek, unless the disposition for this event
changes (Reference 15.2-2). This event was not re-evaluated for CPPU

conditions.

Normally, in evaluating component failure considerations associated with the
RHR system shutdown cooling mode, active pumps or instrumentation (all of which
are redundant for safety system portions of the RHR system) would be assumed to
be the likely failed equipment. For purposes of worst case analysis, the
single recirculation loop suction valve to the redundant RHR loops is assumed
to fail or a loss of offsite power (LOP) isolates the RHR system shutdown
cocling from the reactor vessel. This failure or the LOP would, of course,
still leave four complete RHR loops for low pressure coolant injection (LPCI)
and four Core Spray pumps, or two RHR loops for LPCI plus four Core Spray pumps
and two RHR loops for pool and containment cooling minus the normal RHRS

shutdown cooling loop connections.

15.2.9.1 Identification of Causes and Frequency Classification

15.2.9.1.1 Identification of Causes

The plant 1is operating at 105 percent nuclear boiler rated (NBR) steam flow

when a loss of offsite power (LOP) occurs, causing
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multiple main steam safety/relief wvalve (SRV) actuation, as discussed in
Section 15.2.6, and .subsequent heatup of the suppression pool. Reactor vessel
depressurization is initiated to bring the reactor pressure to approximately
100 psig. A LOP or a single failure occurrence would prevent the operator from
establishing the normal shutdown cooling path through the RHR shutdown cooling
lines. The gperator would then establish a shutdown cooling path for the
vessel through the SRVs and vessel inventory makeup.

15.2.9.1.2 Frequency Classification

Recent analytical evaluations of this event have required additional worst case
assumptions including:

1. Loss of all offsite ac power
2, Use of safe shutdown equipment only
3. Operator action after 10 minutes.

These accident assumptions change the initial incident, which was the
malfunction of an RHR shutdown cooling suction supply valve, from a moderate
frequency incident to a classification in the design basis accident (DBA)

status. However, the event is evaluated as a moderate frequency event.

15.2.9.2 Sequence of Events and System Operation

15.2.9.2.1 Sequence of Events

The sequence of events for this event is shown in Table 15.2-11.

15.2.9.2.1.1 Identification of Operator Actions

The operator will:
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1. At 10 minutes after the isolation/scram, initiate reactor pressure

vessel (RPV) shutdown depressurization at approximately 100°F/h by
manual actuation of the SRVs; maintain water level with the Reactor
Core Isolation Cooling (RCIC) and High Pressure Coolant Injection
(HPCI) Systems.

2. After 10 minutes into the transient, initiate suppression pool
cooling (again, for purposes of this analysis, it is assumed that
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