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Chapter 14
SAFETY ANALYSIS

14.1 GENERAL

This chapter evaluates the safety aspects of the station and demonstrates that the station can
be operated safely and that exposures from credible accidents are less than or equal to the limits of
10 CFR 50.67 or Regulatory Guide 1.183, as applicable.

This chapter is divided into sections, each dealing with a different behavior category. The
sections are as follows:

1. Core and Coolant Boundary Protection Analysis, Section 14.2.

The incidents presented in Section 14.2 are associated with an individual unit within the
station.

2. Standby Safeguards Analyses, Section 14.3.

The accidents presented in Section 14.3 are steam generator tube rupture, steam-line break,
and control-rod ejection. High-energy line breaks outside containment are discussed in
Appendix 14B (Reference 1).

3. General Station Accident Analysis, Section 14.4.

The accidents presented in Section 14.4 are associated with shared systems and facilities that
may cause the release of radioactive material to the environment.

4. Loss-of-Coolant Accident (including the design-basis accident), Section 14.5.

The loss-of-coolant accident, or the rupture of a reactor coolant pipe, is the worst accident
case and is the primary basis for the unit design requirements. It is shown that even this
accident meets the limits of 10 CFR 50.67, assuming that the core has been operating at
102% of its normal reactor thermal power rating of 2546 MWt.

All accident analyses were originally performed assuming the use of Zircaloy fuel rod
cladding. The impact of the use of ZIRLO as an alternate cladding material was evaluated by
Westinghouse (Reference 2). The properties of these two zirconium-based alloys are
essentially identical except for the temperature at which the alpha to beta phase change
occurs, and its related effect on the thermophysical properties (particularly the specific heat
over the phase transformation temperature range). Therefore, the use of ZIRLO does not
affect the analyses of non-LOCA accidents for which the clad temperature remains below the
ZIRLO phase change temperature (1380°F). This includes all Condition I and Condition II
events. The only non-LOCA accident analyses in which the clad temperatures are predicted
to reach 1380°F or greater are the locked rotor analysis (Section 14.2.9.2) and the rupture of
a control rod mechanism housing (Section 14.3.3). The effect of the use of ZIRLO cladding
is discussed in the applicable sections for these accident analyses. The impact of the use of
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the ZIRLO alloy on the large break LOCA (Section 14.5.1) and the small break LOCA
(Section 14.5.2) analyses was also assessed.

14.1 REFERENCES

1. Letter from Vepco to AEC, Subject: Submittal of FSAR Appendix D (Effects of Piping System
Breaks Outside Containment), dated June 22, 1973.

2. S. L. Davidson and D. L. Nuhfer (Eds.), VANTAGE+ Fuel Assembly Reference Core Report,
WCAP-12610-P-A (Proprietary), April 1995, including Appendices A through G and
Addenda 1 through 4.
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14.2 CORE AND COOLANT BOUNDARY PROTECTION ANALYSIS

14.2.1 Uncontrolled Control-Rod Assembly Withdrawal From a Subcritical Condition

A control-rod assembly withdrawal incident is defined as an uncontrolled addition of
reactivity to the reactor core by the withdrawal of control-rod assemblies, resulting in a power
excursion. While the probability of a transient of this type is extremely low, such a transient could
be caused by a malfunction of the reactor control or control rod drive systems. This could occur
with the reactor either subcritical or at power. The “at power” case is discussed in Section 14.2.2.

Reactivity is added at a prescribed and controlled rate in bringing the reactor from a
shutdown condition to a low-power level during start-up by control-rod withdrawal. Although the
initial start-up procedure used the method of boron dilution, the normal start-up is with
control-rod assembly withdrawal. Control-rod assembly motion can cause much faster changes in
reactivity than can be made by changing boron concentration.

The control-rod drive mechanisms are wired into preselected banks, and these bank
configurations are not altered during core life. The assemblies are therefore physically prevented
from being withdrawn in other than their respective banks. Power supplied to the rod banks is
controlled such that no more than two banks can be withdrawn at any time. The control-rod drive
mechanism is of the magnetic latch type and the coil actuation is sequenced to provide
variable-speed rod travel. The maximum reactivity insertion rate is postulated in a detailed
analysis assuming the simultaneous withdrawal of the combination of the two rod banks of the
maximum combined worth at maximum speed.

Should a continuous control-rod assembly withdrawal be initiated from subcritical or low
power conditions, the transient will be terminated by the following automatic safety features:

1. Source range flux level trip—actuated when either of two independent source range channels
indicates a flux level above a preselected, manually adjustable value. This trip function may
be manually bypassed when either intermediate-range flux channel indicates a flux level
above the source range cutoff power level. It is automatically reinstated when both
intermediate-range channels indicate a flux level below the source range cutoff power level.

2. Intermediate-range control-rod stop—actuated when either of two independent
intermediate-range channels indicates a flux level above a preselected, manually adjustable
value. This control-rod stop may be manually bypassed when two out of the four power range
channels indicate a power level above approximately 10% of full power. It is automatically
reinstated when three of the four power range channels are below this value.

3. Intermediate-range flux level trip—actuated when either of two independent
intermediate-range channels indicates a flux level above a preselected, manually adjustable
value. This trip function may be manually bypassed when two of the four power range
channels are reading above approximately 10% of full power and is automatically reinstated
when three of the four channels indicate a power level below this value.
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4. Power range flux level trip (low setting)—actuated when two out of the four power range
channels indicate a power level above approximately 25% of full power. This trip function
may be manually bypassed when two of the four power range channels indicate a power level
above approximately 10% of full power and is automatically reinstated when three of the
four channels indicate a power level below this value.

5. Power range control-rod stop—actuated when one out of the four power range channels
indicates a power level above a preset setpoint. This function is always active.

6. Power range flux level trip (high setting)—actuated when two out of the four power range
channels indicate a power level above a preset setpoint. This trip function is always active.

Reactor protection for subcritical and low power rod withdrawal events has traditionally
been assumed to be provided by the Power Range high flux trip (low setpoint) for events initiated
both above and below permissive P-6. Source Range protection was assumed to not be available,
since the Source Range channel lacked the redundancy required to assume trip availability in
UFSAR accident analyses. Technical Specifications require two available Source Range Channels
below permissive P-6. In conjunction with Source Range trip bistable operability testing to verify
Source Range channel response characteristics, this validates the assumption of Source Range trip
availability in accident analyses. Technical Specifications also impose an allowable Source Range
channel outage time for power levels below P-6. This ensures start-up protection by providing
confirmation of the availability of the Source Range channel.

Rod withdrawal from subcritical events may be initiated from above or below permissive
P-6. Below P-6, one or two reactor coolant pumps may be operating, or RCS cooling may be
provided by the Residual Heat Removal (RHR) system. For any operating condition below P-6,
Source Range protection or open trip breakers provide reactor protection against a rod withdrawal
from subcritical event. Additional protection is provided by the other operable reactor protection
system circuitry, including the Intermediate Range and Power Range (low setpoint) reactor trips.
As was demonstrated in the North Anna Core Uprating submittal (Reference 31) and subsequent
responses to NRC questions (References 32 & 33) events initiated from allowable operating
conditions below P-6 will not result in significant power generation of core heat flux when a
reactor trip is actuated on the Source Range channel. This conclusion is also applicable to Surry.
Therefore, reactor protection is provided for all operating conditions below P-6, including
one-RCP, two-RCP, and RHR operation.

The nuclear power response to a continuous reactivity insertion originating above P-6 is
characterized by a very fast rise terminated by the reactivity feedback effect of the negative fuel
temperature coefficient. This self-limitation of the initial power burst results from a fast negative
fuel temperature feedback (Doppler effect) and is of prime importance during a start-up incident
since it limits the power to a tolerable level before external control action. After the initial power
burst, the nuclear power is momentarily reduced and then if the incident is not terminated by a
reactor trip, the nuclear power increases again, but at a much slower rate.
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The termination of the start-up incident by the above protection channels prevents core
damage. In addition, the reactor trip from high reactor pressure serves as a backup to terminate the
incident before an overpressure condition could occur.

14.2.1.1 Method of Analysis

A complete reanalysis of the rod withdrawal from subcritical event was performed for the
Surry core uprating effort, using the RETRAN computer code and the associated Virginia Power
reactor system transient methodology (Reference 14). The analysis includes the simulation of the
plant neutron kinetics, and the core thermal and hydraulic feedback equations. The RETRAN
code calculates nuclear power, core heat flux, average fuel, clad and coolant temperatures. The
detailed core thermal-hydraulics analysis was performed using the COBRA computer code
(Reference 15) to generate the MDNBR (Minimum Departure from Nucleate Boiling Ratio) at the
statepoint for the DNB-limiting case of the transient.

The current reanalysis assumes the operation of all three reactor coolant pumps. Technical
Specification 3.1.A.1.a prohibits achieving criticality with less than three reactor coolant pumps
operating. The following additional assumptions were made to provide conservative results for
this analysis:

1. Since the magnitude of the nuclear power peak reached during the initial part of the transient,
for any given rate of reactivity insertion, is strongly dependent on the Doppler power
reactivity coefficient, a conservative fuel-temperature-dependent Doppler coefficient was
used.

2. The contribution of the moderator reactivity coefficient is negligible during the initial part of
the transient because the heat transfer time constant between the fuel and the moderator is
much longer than the nuclear flux response constant. However, after the initial nuclear flux
peak, the succeeding rate of power increase is affected by the moderator reactivity
coefficient. A conservative value of +6 pcm/°F was used in the analysis since the positive
value yields the maximum peak core heat flux (1 pcm = 10-5 Δk/k).

3. The reactor is assumed to be at hot zero power with a Tavg of 547°F. This assumption is more
conservative than that of a lower initial system temperature. The higher initial system
temperature yields a larger fuel-to-water thermal conductivity, a larger fuel thermal capacity,
and a less negative (smaller absolute magnitude) Doppler coefficient. The less negative
Doppler coefficient reduces the Doppler feedback effect, thereby increasing the nuclear flux
peak. The high nuclear flux peak combined with a high fuel thermal capacity and large
thermal conductivity yields a larger peak heat flux. Initial multiplication (ko) is assumed to
be 1.0 since this results in the maximum nuclear power peak.

4. The most adverse combination of instrument and setpoint errors, as well as delays for trip
signal actuation and control-rod assembly release, are taken into account. A 10% increase
has been assumed for the power range flux trip setpoint, raising it from the nominal value of
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25% to 35%. The rise in nuclear flux is so rapid that the effect of errors in the trip setpoint on
the actual time at which the rods are released is negligible.

5. The rate of negative reactivity insertion corresponding to the trip action is based on the
assumption that the highest worth control rod assembly is stuck in its fully withdrawn
position. A conservatively low value was assumed for the total trip reactivity from zero
power.

6. The maximum positive reactivity insertion rate assumed (112.5 pcm/sec) is greater than that
for the simultaneous withdrawal of the combination of the two control banks having the
greatest combined worth at maximum speed (45 in/min).

7. The initial power level was assumed to be below the power level expected for any shutdown
condition. The combination of highest reactivity insertion rate and lowest initial power
produces the highest peak heat flux.

8. The delayed neutron fraction ( eff) was assumed to be at its maximum value, as that would
maximize the thermal energy released into the coolant.

9. On the secondary side, the condenser dump valves are assumed closed, thus causing a
pressure buildup that would contribute to the heatup of the primary system.

For the pressure-limiting case, to conservatively overestimate the pressurization in the RCS,
the following additional assumptions are made:

1. Initial pressurizer pressure is 2280 psia (30 psi above the nominal).

2. Initial pressurizer level is 5% above the nominal.

3. PORVs and pressurizer sprays that would mitigate the pressurization are not credited.

4. The PSV loop seals are filled with water. Displacing the liquid in the loop seal causes a delay
in the opening of the PSVs, thus driving the primary system pressures higher.

In the DNB-limiting case, the following specific assumptions are made to decrease the
primary pressurization and increase the energy released into the coolant, thus minimizing the
calculated margin to DNB:

1. Initial pressurizer pressure and level are held at their nominal values.

2. Pressurizer sprays and PORVs are credited, thereby mitigating system pressurization.

3. For the MDNBR calculation, lower bound values for the pressurizer pressure, RCS flow and
the bypass flow fraction are used.

14.2.1.2 Results

Figure 14.2-2 shows the effect of the initial power level on peak heat flux for various
reactivity insertion rates from 20 to 60 pcm/sec. It shows that peak heat flux initially decreases
with increasing initial power level and then, depending on the rate, it increases again and

β
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approaches 35% of full power (reactor trip is assumed to be initiated at this value). It can also be
seen that for the faster insertion rates, which result in the greatest energy addition, the flux peak is
greatest for the lowest initial power level.

Figures 14.2-1, 14.2-3 and 14.2-4 show the transient behavior for a DNB-limiting case, with
the incident terminated by reactor trip at 35% power. As seen in Figure 14.2-1, the nuclear power
increases to the trip setpoint in 6.8 seconds. The power then overshoots to approximately 966%,
but only momentarily. Therefore, the energy release and the fuel temperature increase are
moderate. The thermal flux response, of interest for DNB considerations, is shown in
Figure 14.2-3. The beneficial effect of the inherent thermal lag of the fuel is evidenced by a peak
heat flux of only 53% of the nominal rating. There is an adequate margin to DNB during the
transient since the rod surface heat flux remains below the design value, and there is a high degree
of subcooling at all times in the core. Figure 14.2-4 shows the response of the average fuel,
cladding and coolant temperatures. The average fuel temperature peaks at 956°F which is much
lower than the nominal full power value of 1311°F. The average coolant temperature rises to only
566.4°F while the clad temperature peaks at 597°F. A COBRA calculation at the statepoint with
very conservative adjustments to the thermal-hydraulic input variables gives a minimum DNBR
above the design limit.

The pressure-limiting case results in a pressurizer pressure peak of 2656 psia at
11.6 seconds, while the overall primary system peaks at 2720 psia in the cold leg at 11.8 seconds.

14.2.1.3 Conclusion

It is concluded that, in the unlikely event of a control rod assembly withdrawal incident
from subcritical conditions, the core and reactor coolant system are not adversely affected, as the
peak thermal power and the peak coolant temperature in the DNB-limiting case are well below
their nominal full power values. An explicit statepoint calculation using very conservative
assumptions results in a minimum DNBR above the design limit.

In the case that examines primary system pressure, it can be shown that the peak RCS
pressure will be less than 110% of design pressure.

14.2.2 Uncontrolled Control-Rod Assembly Withdrawal at Power

The Uncontrolled Rod Cluster Control Assembly (RCCA) Bank Withdrawal at Power
(RWAP) event is characterized by a reactivity increase resulting from the withdrawal of one or
more RCCA banks from the core during power operation. The initiating event is a postulated
single failure in a control system such as the rod control system or the reactor control system or
faulty action by a reactor operator. The addition of reactivity to the core tends to be distributed
uniformly, due to the RCCA bank arrangement. The energy removal capabilities of the secondary
system tend to lag behind the core power increase resulting from the rod bank withdrawal. This
energy mismatch causes the Reactor Coolant System (RCS) pressure and temperature to increase.
The possibility exists that the core heat flux could exceed the ability of the RCS fluid to conduct
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the heat from the fuel, potentially leading to a Departure from Nucleate Boiling (DNB) and
subsequent cladding failure. The RCS temperature and pressure transients can be limited by the
operation of RCS and main steam (MS) pressure relief valves; however, the power excursion
generally continues until terminated by the addition of negative reactivity from the safety control
rod banks due to a reactor trip. The limiting event conditions occur shortly after safety control
bank insertion, when the minimum DNB ratio (MDNBR) occurs. The Reactor Coolant Pumps
(RCPs) remain operational throughout the event so that, in the absence of DNB, sufficient RCS
flow exists to adequately handle the transfer of energy from the fuel to the reactor coolant.

As stated above, maintaining the fuel cladding integrity is the primary concern for the
RWAP event. However, maintaining the RCS as a fission product barrier is also a concern.
Specifically, the heating of the RCS fluid during a RWAP event causes the fluid density to
decrease, resulting in a volumetric expansion of the fluid. Operation of the pressurizer sprays and
Power Operated Relief Valves (PORVs) can mitigate the effects of the subsequent pressure
increase, but do not counteract the volumetric expansion. Should the expansion of the RCS fluid
continue uncontested, the potential exists for discharge of liquid through the PORVs or
Pressurizer Safety Valves (PSVs). For the rod withdrawal at power event, the reactor protection
system terminates the heatup of the reactor coolant system before any liquid relief occurs.

Provided the integrity of the fission product barriers is not compromised, sensible and decay
heat can be removed by steaming to the condenser through the steam bypass system, to the
atmosphere through the MS PORV or the Main Steam Safety Valves (MSSVs), or any
combination of the three methods. Feedwater remains available to the steam generators (SGs)
from either the Main Feedwater (MFW) system or the Auxiliary Feedwater (AFW) system to
replenish the secondary coolant. Shortly after reactor trip, the energy removal capability of the
SGs will exceed the RCS sensible and decay heat levels, and the reactor operators/automatic
control systems will function to maintain the plant at the new equilibrium condition.

The automatic features of the reactor protection system that prevent core damage in a
control-rod assembly withdrawal incident at power include the following:

1. Nuclear power range instrumentation actuates a reactor trip if two out of the four channels
exceed an overpower setpoint.

2. Reactor trip is actuated if any two out of three delta T channels exceed an overtemperature
delta T setpoint. This setpoint is automatically varied with axial power distribution and
coolant temperature and pressure to protect against DNB.

3. Reactor trip is actuated if any two out of three delta T channels exceed an overpower delta T
setpoint. This setpoint is automatically varied with axial power distribution and coolant
temperature to ensure that the allowable heat generation rate (kw/ft) is not exceeded.

4. A high-pressure reactor trip, actuated from any two out of three pressure channels, is set at a
fixed point. This set pressure is less than the set pressure for the pressurizer safety valves.
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5. A high pressurizer water level reactor trip, actuated from any two out of three level channels,
is actuated at a setpoint. This affords additional protection for control-rod assembly
withdrawal incidents. The Technical Specifications require that the reactor be maintained
subcritical by some minimum amount until normal water level is established in the
pressurizer.

6. In addition to the above-listed reactor trips, there are the following control-rod assembly
withdrawal blocks:

a. High nuclear power (one out of four).

b. High overpower delta T (two out of three).

c. High overtemperature delta T (two out of three).

The manner in which the combination of overpower and overtemperature delta T trips
provide protection over the full range of reactor coolant system conditions is illustrated in
Chapter 7. Figure 7.2-1 represents typical allowable conditions of reactor vessel average
temperature and delta T with the design power distribution in a two-dimensional plot. The
boundaries of operation defined by the overpower delta T trip and the overtemperature delta T trip
are represented as protection lines on this diagram. The protection lines are drawn to include all
adverse instrumentation and setpoint errors, so that under nominal conditions trip would occur
well within the area bounded by these lines.

The utility of the diagram just described is in the fact that the operating limit imposed by
any given DNBR can be represented as a line on this coordinate system. The DNB lines represent
the locus of conditions for which the DNBR equals the design DNBR limit (Section 3.2.3). All
points below and to the left of the line for a given pressure have DNBRs greater than the design
DNBR limit (Section 3.2.3). The diagram shows that DNB is prevented for all cases if the area
enclosed within the maximum protection lines is not traversed by the applicable DNBR line at any
point.

The region of permissible operation (power, pressure, and temperature) is completely
bounded by the following reactor trips: nuclear overpower (fixed setpoint), high pressure (fixed
setpoint), low pressure (anticipatory rate dependent setpoint), and overpower and overtemperature
delta T (variable setpoints). These trips are designed to prevent a DNBR less than the design
DNBR limit (Section 3.2.3).

The analysis presented below shows that no fuel damage occurs by demonstrating that the
DNBR limit is met for the rod withdrawal event. Also shown is that the RCS and MS system
pressure relieving devices have sufficient capacities to ensure the safety of the unit without relying
on the mitigating capabilities of the pressurizer pressure control or MS bypass systems.
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14.2.2.1 Method of Analysis

The RWAP transient is analyzed with the RETRAN (Reference 14) and COBRA
(Reference 15) codes. The RETRAN system code simulates the neutron kinetics, Reactor Coolant
System, pressurizer, pressurizer relief and safety valves, pressurizer spray, steam generator, and
steam generator safety valves. The code computes pertinent plant variables, including
temperatures, pressures, and power level. The COBRA code is used to calculate the DNBR for the
transient using the WRB-1 DNB correlation (Reference 34).

For the DNBR evaluation cases, the initial power level, pressurizer pressure, and RCS
average temperature are assumed to be at values consistent with the nominal hot full power values
at the uprated (2546 Mwt) condition. The effects of normal control system variations and
measurement uncertainties associated with these parameters are treated statistically and
incorporated into the design DNBR limit (see Section 3.4) in accordance with Virginia Power’s
Statistical DNBR Methodology (Reference 21). The calculation of the DNBR is consistent with
the current Technical Specifications Core Operating Limit Report limit on FΔH as modified by a
0.3 part power multiplier.

For cases where reactor coolant system pressures are of primary interest, the initial reactor
power, pressurizer pressure and RCS average temperature are assumed to be at the maximum
values consistent with steady state full power operation, including allowances for calorimetric and
other instrument errors. In addition these cases are performed with the pressurizer pressure
relieving devices (pressurizer spray and PORVs) disabled.

All cases incorporate the assumption of 15% steam generator tube plugging. To obtain
conservative results the following assumptions are made:

1. Reactivity coefficients - two cases are analyzed:

a. Minimum reactivity feedback. A positive moderator temperature coefficient of
+6.0 pcm/°F in conjunction with a least negative Doppler temperature coefficient is used
in the analysis.

b. Maximum reactivity feedback. A conservatively large negative moderator coefficient
-45.0 pcm/°F and a large (in absolute magnitude) negative Doppler temperature coefficient
are assumed.

2. The reactor trip on high neutron flux is assumed to be actuated at a conservative value of
118% of nominal full power. The delta-T trips include all adverse instrumentation and
setpoint errors, while the delays for the trip signal actuation are assumed at their maximum
values.

3. The RCCA trip insertion characteristic is based on the assumption that the highest worth
assembly is stuck in its fully withdrawn position.
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4. A spectrum of reactivity insertion rates is analyzed. The maximum positive reactivity
insertion rate is greater than the maximum rate of two sequential control rod banks moving at
the maximum speed with normal overlap.

The effect of rod cluster assembly movement on the axial core power distribution is
accounted for by causing a decrease in overtemperature and overpower delta-T trip setpoints
proportional to a decrease in margin to DNB.

14.2.2.2 Results

Figure 14.2-5 shows the minimum DNBR as a function of reactivity insertion rate from
initial full power operation for the minimum and maximum reactivity feedback. It can be seen that
the high-neutron flux and overtemperature delta-T trip setpoints provide protection over the whole
range of reactivity insertion rates since the minimum DNBR for all insertion rates is greater than
the design limit.

Figures 14.2-6 and 14.2-8 show the response of nuclear power, pressurizer pressure, and
average coolant temperature to the limiting DNBR case initiated from full power (0.8 pcm/sec
insertion rate). The slow rod withdrawal allows for a sufficient rise in temperature and pressure to
cause a trip on overtemperature delta-T. The minimum DNBR for this case remains well above
the limit as indicated by Figure 14.2-5.

Figures 14.2-9 and 14.2-10 show the minimum DNBR as a function of reactivity insertion
rate for the rod withdrawal event starting at 60 and 10% power, respectively. The results are
similar to the 100% power case, except that as the initial power is decreased, the range over which
the overtemperature delta-T trip is effective is increased. In all cases, the DNBR is greater than the
design limit.

Figures 14.2-11 and 14.2-13 show the nuclear power, RCS average temperature, and cold
leg pressure response to the limiting overpressure rod withdrawal incident. Sensitivity cases
performed to maximize RCS pressure indicate that limiting results occur for an assumed initial
power of 12% with a reactivity insertion rate of 55 pcm/sec and minimum reactivity feedback.
The pressurizer pressure reaches the pressurizer high pressure trip setpoint at 11.37 seconds and
the reactor trips after a 2-second delay. The cold leg pressure reaches a peak value of 2742.34 psia
at 15.2 seconds into the transient.

Cases performed to maximize the main steam pressure (maximize the RCS average
temperature prior to trip) show that the maximum main steam pressure occurs for rod withdrawal
events initiated at 60% power. The cases providing the maximum main steam pressure are those
which allow a gradual but large rise in the RCS average temperature. These are cases with low
insertion rates and minimum reactivity feedback or relatively high insertion rates with maximum
reactivity feedback. These cases trip on overtemperature delta-T and achieve approximately the
same RCS temperature.
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Therefore, the maximum main steam pressure is fairly constant (1190 psia) over a range of
insertion rates. The analyses support up to 15% steam generator tube plugging.

14.2.2.3 Conclusions

This analysis indicates that for an uncontrolled rod withdrawal at power event, the following
criteria are met:

1. The minimum DNBR remains above the DNBR design limit of 1.46 (UFSAR Section 3.2.3).

2. Pressure at the most limiting RCS location is less than 110% of RCS design pressure, or
2750 psia (the Emergency Condition Stress Limit specified in Section III of the ASME
Code).

3. Pressure at the most limiting Main Steam System (MSS) location is less than 110% of MSS
design pressure, or 1210 psia (the Emergency Condition Stress Limit specified in Section III
of the ASME Code).

14.2.3 Malpositioning of the Part Length Control Rod Assemblies

The part length control rod assemblies have been removed from the core.

14.2.4 Control-Rod Assembly Drop/Misalignment

Control-rod misalignment accidents include (1) dropped full length assemblies, (2) dropped
full-length assembly groups, and (3) statically misaligned assemblies.

Each control-rod assembly has a rod position indicator channel that displays the position of
the assembly. The displays of assembly position are grouped for the operator’s convenience. Fully
inserted assemblies are further indicated by rod bottom indicators on the redundant rod position
flat panel displays. Bank (demand) position is also indicated. Except during start-up physics
testing and control-rod exercise testing, the assemblies are moved in preselected banks and the
banks are moved in the same preselected sequence.

The dropping of a control-rod assembly could occur only when the drive mechanism is
de-energized. This would result in a power reduction and an increase in the hot-channel factor. If
no protective action occurred, the reactor control system would restore the power to the level that
existed before the incident. This would lead to a reduced safety margin or possibly DNB,
depending on the magnitude of the hot-channel factor.

Dropped assemblies or banks are detected by:

1. A sudden drop in the core power level.

2. Asymmetric power distribution as seen on ex-core neutron detectors (Reference 2) or core
exit thermocouples.
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3. Rod bottom indicators on the redundant rod position flat panel displays.

4. A rod deviation alarm.

The rod bottom condition signal from the rod position indication system is provided for
each control-rod assembly. The initiation of this signal is independent of lattice location,
reactivity worth, or power distribution changes inherent with the dropped control-rod assembly.
The other independent indication of a control-rod assembly drop is obtained by using the ex-core
power range channel signals. This rod drop detection circuit is actuated upon the sensing of a
rapid decrease in local flux such as could occur from the depression of flux in one region by a
dropped control-rod assembly. This detection circuit is designed such that normal load variations
do not cause it to be actuated.

A rod drop signal from any control-rod assembly position indication channel, or from one
or more of the four power range channels, initiates alarms in the main control room.

Misaligned assemblies are detected by:

1. Asymmetric power distribution as seen on ex-core neutron detectors or core exit
thermocouples.

2. A rod deviation alarm.

The resolution of the rod position indicator channel is ±5% of span (±12 steps) under
steady state conditions. The deviation of any assembly from its bank by twice this distance (10%
of span or 24 steps) will not cause power distributions worse than the design limits. The rod
deviation alarm alerts the operator to rod deviation in excess of 10 steps or 4.3% of span.

If one or more of the rod position indicator channels should be out of service, detailed
operating instructions in accordance with Technical Specification requirements are followed to
ensure the alignment of the nonindicating assemblies.

14.2.4.1 Methodology of Analysis

The dropped RCCA(s) event is conservatively evaluated. This evaluation consists of three
analyses, transient, nuclear, and thermal/ hydraulic. These analyses provide (l) statepoints, i.e., the
reactor power, pressure, and temperature at the most limiting time in the transient, (2) the radial
peaking factor at the most limiting conditions in the transient, and (3) the DNB analysis at the
conditions determined by 1 and 2.

These analyses are performed using a parametric approach so that cycle specific conditions
may be evaluated using the data generated from the three analyses above. On a reload basis an
analysis is made using two key cycle specific parameters (the rod worth available for withdrawal
and the moderator temperature coefficient) to determine the radial peaking factor prior to the
dropped RCCA(s) event necessary to produce the DNBR limit during the transient for a range of
dropped RCCA(s) worths. This range covers those which could be expected for a three loop plant
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like Surry. These predrop radial peaking factors are compared to the reload design predictions to
confirm that the limiting predrop conditions for DNB do not occur during the cycle.

The transient response is calculated using either the LOFTRAN (Reference 5) or the
RETRAN (Reference 14) code. These codes simulate the neutron kinetics, reactor coolant
system, pressurizer, pressurizer relief and safety valves, pressurizer spray, steam generators, and
steam generator safety valves. Nuclear models are used to obtain hot channel factors consistent
with the primary system conditions at the statepoints generated by the transient simulation. The
DNB design basis is shown to be met using the COBRA code (Reference 15) by combining the
primary conditions from the transient analysis with the hot channel factor from the nuclear
analysis. The transient response, nuclear peaking factor analysis, and DNB design basis
confirmation are performed in accordance with the methodology described in Reference 22.

14.2.4.2 Results

For the dropped RCCA(s) event, power may be reestablished either by reactivity feedback
or control bank withdrawal.

Following a dropped RCCA(s) in manual rod control, the plant will establish a new
equilibrium condition. The drop will insert negative reactivity which causes the core power level
to fall. The mismatch in power between that demanded by the turbine and that generated by the
reactor core causes the reactor temperature to fall. The falling temperature in turn causes the
reactor coolant pressure to fall. The plant will be tripped on low pressurizer pressure before the
DNBR falls to the design DNBR limit. This process without control system interaction is
monotonic, thus removing power overshoot as a concern and establishing the automatic rod
control mode of operation as the limiting case.

For a dropped RCCA(s) event in the automatic control mode, the rod control system detects
the drop in power and initiates control bank withdrawal. Power overshoot may occur due to this
action by the automatic rod controller after which the control system will insert the control bank
to restore nominal power. Figures 14.2-14 and 14.2-15 show a typical transient response to a
dropped RCCA(s) while in the automatic control mode. Uncertainties in the initial conditions are
included in the DNB evaluation as described in Reference 21. On a reload basis, it is shown that
the minimum DNBR remains greater than the limit value.

14.2.4.3 Conclusions

For all cases the DNB design basis is met by demonstrating that the DNBR is greater than
the limit value.

14.2.5 Chemical and Volume Control System Malfunction

14.2.5.1 Identification of Causes and Accident Description

Reactivity can be added to the core by feeding primary grade water into the reactor coolant
system via the reactor makeup portion of the chemical and volume control system. Boron dilution
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is a manual operation under strict administrative controls with procedures calling for a limit on the
rate and duration of dilution. A boric acid blend system is provided to permit the operator to
match the boron concentration of reactor coolant makeup water during normal charging to that in
the reactor coolant system. The chemical and volume control system is designed to limit, even
under various postulate failure modes, the potential rate of dilution to a value which, after
indication through alarms and instrumentation, provides the operator sufficient time to correct the
situation in a safe and orderly manner.

The opening of the primary water makeup control valve creates a dilution flow path to the
reactor coolant system. Inadvertent dilution from this source can be readily terminated by closing
the control valve. For makeup water to be added to the reactor coolant system at pressure, at least
one charging pump must be running in addition to a primary grade water transfer pump.

The rate of addition of unborated makeup water to the reactor coolant system when it is not
pressurized is limited by the capacity of the two primary grade water transfer pumps. The analysis
of the uncontrolled boron dilution assumes a maximum primary grade water addition rate of
245 gpm, which is the maximum capacity of the primary grade water transfer pumps.

When the reactor coolant system is pressurized, the rate of addition of unborated water is
limited by the capacity of the charging pumps. The analysis of the boron dilution event at power
assumes a maximum dilution flow rate of 165 gpm, equivalent to the combined capacity of three
charging pumps. Normally, only one charging pump is operating.

The boric acid from the boric acid tank is blended with primary grade water in the blender;
the composition is determined by the preset flow rates of boric acid and primary grade water on
the control board. Two separate operations are required to dilute: (l) The operator must-switch
from the automatic makeup mode to the dilute mode; (2) The blender switch must be turned to the
“on” position. Omitting either step prevents dilution, making the possibility of an inadvertent
dilution very remote.

Information on the status of the reactor coolant makeup is continuously available to the
operator. Lights are provided on the control board to indicate the operating condition of the pumps
in the chemical and volume control system. Alarms are actuated to warn the operator if boric acid
or demineralized water flow rates deviate from preset values as a result of system malfunction.

14.2.5.2 Method of Analysis and Results

To cover all phases of plant operation, boron dilution during refueling, cold shutdown,
intermediate shutdown, hot shutdown, reactor critical, and power operation are considered in this
analysis (Reference 1). The case of an inadvertent dilution during a planned dilution or makeup
activity is not considered here as an accident analysis, since evaluation of such dilutions is not
required by the Standard Review Plan. Boron dilution during start-up of an inactive loop is
discussed in UFSAR Section 14.2.6.
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The following parameter value ranges were considered in the boron dilution analyses:

1. Steam Generator Tube Plugging Fraction (SGTPF): 0% to 15% SGTP. The effective RCS
Volume excludes the pressurizer, reactor vessel upper head, and plugged steam generator
tube volumes.

2. Dilution Flow Rate (Qin) with RCS at Operating Pressure corresponds to the maximum
charging pump flow rate with the RCS pressurized in charging mode with one pump
operating.

3. Dilution Flow Rate for unpressurized RCS corresponds to the maximum flow rate the
primary grade water transfer pumps are capable of delivering to the charging pump inlet.

4. Bounding values of dilution flow density and RCS Water Density were assumed (maximum
dilution density and minimum RCS density).

5. Minimum Shutdown Margin at Power: 1.77% ΔK/K.

14.2.5.2.1 Boron Dilution During Refueling and Cold Shutdown

The primary grade water flow path is locked out during refueling and cold shutdown
conditions, thereby procedurally preventing a boron dilution event from occurring during these
operating conditions. Technical Specifications require manual valve 1-CH-223 (2-CH-223 for
Unit 2), the primary grade makeup water control valve, to be locked in the closed position within
15 minutes following a planned dilution during refueling and cold shutdown conditions. This
ensures that the source of primary grade water is completely isolated from the reactor coolant
system. As an alternative, Technical Specifications indicate that manual valves 1-CH-212,
1-CH-215 and 1-CH-218 (2-CH-212, 2-CH-215, and 2-CH-218 for Unit 2) may be locked shut if
for any reason it is desired that 1-CH-223 (2-CH-223) be maintained open. This alternative
combination of valve lockouts has the same effect as locking out valve 1-CH-223 (2-CH-223). An
additional indication of the status of the primary grade water system is provided by the primary
grade water flow recorder on the vertical board in the main control room.

It is recognized that there are many paths for dilution of the moderator. The rationale behind
isolating the main primary grade water flow path is to preclude dilutions that would cause a rapid,
uncontrolled decrease in shutdown margin. Low dilution flow rates have a high probability of
being identified and corrected before a significant loss of shutdown margin occurs.

14.2.5.2.2 Boron Dilution During Intermediate Shutdown and Hot Shutdown Conditions

Administratively controlled shutdown margin requirements have been implemented at
Surry to ensure that at least 15 minutes are available from initiation of dilution to loss of shutdown
margin for corrective operator action in response to an inadvertent boron dilution at intermediate
shutdown and hot shutdown. The adequacy of these administrative shutdown margin requirements
are verified for each reload core.
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The analysis which determined the magnitude of the administrative shutdown margin
requirements assumed a 245 gpm dilution flow rate, which is the maximum flow rate of unborated
water that can be delivered by the primary grade water transfer pumps. For the case in which no
reactor coolant pumps (RCPs) are operating, a reduced RCS volume (consistent with mid-loop
Residual Heat Removal System operation) is assumed. For the case in which one or more reactor
coolant pumps (RCPs) are running, the analysis assumes the full RCS volume (less the upper
head, pressurizer, and plugged tube volume) is undergoing dilution. The administrative shutdown
margin required to obtain acceptable analysis results is smaller for this case.

Intermediate Shutdown includes RCS temperatures between 200°F and 547°F, and Hot
Shutdown includes RCS temperatures greater than 547°F. A lower RCS temperature at
Intermediate Shutdown reduces the temperature (and density) difference between the RCS and
cold dilution flow. This reduces the effective reactivity insertion rate due to boron dilution. In
order to ensure that the Intermediate Shutdown conditions Boron Dilution event analysis bounds
that for Hot Shutdown conditions, a maximum RCS temperature and minimum dilution fluid
temperature are assumed in the Intermediate/Hot Shutdown Boron Dilution event analysis.

There are several other plant features that help to preclude the possibility of an inadvertent
boron dilution at intermediate shutdown and hot shutdown. Nuclear instrumentation is available to
provide a secondary indication of a dilution in progress. For the time during which the source
range instrumentation is operable, a source range count rate alarm is expected before half of the
shutdown margin available at the initiation of the transient is diluted away.

Station operating procedures prescribe that the shutdown rod banks shall be withdrawn
from the core while the unit is in start-up conditions through power operation conditions. Should
an unplanned boron dilution incident occur with the reactor at these conditions (either because of
equipment failure or operator error), the high flux alarm will alert the operator of this condition
and the shutdown rod banks can be inserted into the core immediately. This will give the operator
sufficient time to isolate the sources of primary grade water from the reactor coolant system
before shutdown margin is lost.

An additional indication of the status of the primary grade water system is provided by the
PG water flow rate recorder on the vertical board in the main control room.

It is recognized that there are many paths for dilution of the moderator. The emphasis here is
to place controls and checks on the main primary grade water flow path to preclude dilutions that
would cause a rapid decrease in shutdown margin. Low dilution flow rates have a high probability
of being identified and corrected before a significant loss of shutdown margin occurs. Ensuring
adequate operator response time, and placing controls and checks on the dilution flow path
ensures that a boron dilution event will not lead to criticality.
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14.2.5.2.3 Boron Dilution at Reactor Critical and at Power

The analysis of the boron dilution event at reactor critical conditions indicates that at least
15 minutes are available from positive indication of a dilution in progress (alarm or reactor trip) to
loss of shutdown margin for corrective operator action. The analysis conservatively assumed a
minimum of 1.77% shutdown margin at the beginning of the dilution.

The boron dilution at power event has been analyzed for the rods in automatic and manual
control cases. The results of the analysis indicate that 15 minutes are available after positive
indication of a dilution in progress (reactor trip) for corrective operator response before a return to
criticality.

The “rods in automatic control” case was shown to be bounded by the “rods in manual
control” case. To illustrate, if an initial boron concentration, a dilution flow rate, and a boron
worth are assumed, the “rods in manual” case will result in a reduction of shutdown margin
potentially beyond that of the minimum shutdown margin required by Technical Specifications. If
rods are in automatic, rod insertion due to Tavg -Tref deviation will result in a rod insertion limit
(indicating dilution is in progress) before the rod bank reaches rod insertion limit, the point at
which minimum shutdown margin is defined. Therefore, the “rods in manual” case is assumed to
consume a portion of minimum shutdown margin resulting in an operator response time which is
always less than that of the corresponding “rods in automatic control” case. The automatic control
case is therefore bounded by the manual control case. With either automatic or manual rod
control, boron dilution events initiated at or below 100% power will result in an RCS temperature
increase and, ultimately, in a high RCS temperature alarm. Positive indication of a dilution in
progress in the analyzed boron dilution at power case (100% power; manual rod control), is
assumed to be provided by the OTΔT reactor trip. In this analysis case, the high RCS temperature
alarm is conservatively assumed to not actuate.

The reactivity transient resulting from an inadvertent boron dilution is essentially identical
to that of a control rod assembly withdrawal accident. The reactivity insertion rates used in the
analysis are well within the range of reactivity insertion rates considered in UFSAR
Section 14.2.2, Uncontrolled Control-Rod Assembly Withdrawal at Power. If the reactor is in
manual control and the operator takes no action to correct an inadvertent boron dilution, the power
and temperature will rise to the overtemperature delta-T trip setpoint. Before the overtemperature
delta-T trip, an overtemperature delta-T alarm and turbine runback would be actuated. The time to
trip varies with the reactivity insertion rate (which is a function of boron concentration and boron
worth) and with the temperature and power reactivity feedback of the core (which are largely
functions of burnup). It was shown that 15 minutes are available after a reactor trip before the
reactor can return to critical, conservatively assuming a minimum of 1.77% shutdown margin at
the beginning of the dilution.

The results of the reactor critical and both the automatic and manual control cases of the
boron dilution at power analyses indicate that at least 15 minutes are available, from positive
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indication of a dilution in progress (alarm or reactor trip) to loss of shutdown margin, for
corrective operator response to an unplanned boron dilution.

14.2.5.3 Conclusions

Because of the procedures involved in the dilution process and the administrative lockout of
the primary grade water flow path, an inadvertent boron dilution is not considered credible in the
refueling and cold shutdown operating conditions. An administratively controlled shutdown
margin requirement ensures that at least 15 minutes are available from initiation of dilution to loss
of shutdown margin for corrective operator action in response to an inadvertent boron dilution at
intermediate or hot shutdown conditions. The adequacy of the shutdown margin requirement is
verified for each reload core design. Reload cores are designed and analyzed to ensure that at least
15 minutes are available between positive indication (alarm or reactor trip) and loss of shutdown
margin for corrective operator action in response to a boron dilution at reactor critical conditions
or at power.

Numerous alarms and indications are available to alert the operator to any unintentional
dilution of boron in the reactor coolant. The maximum reactivity addition due to such dilution is
slow enough to allow the operator to determine the cause of the addition and take corrective action
before the excessive shutdown margin is lost.

14.2.6 Start-Up of an Inactive Loop (SUIL) Accident Analysis Design Basis

14.2.6.1 Event Description

The SUIL accident analysis considers reactivity additions due to inadvertent introduction of
cold and/or unborated water from an isolated (or previously isolated) loop. Because loop stop
valve operations are prohibited at conditions other than COLD SHUTDOWN and REFUELING
SHUTDOWN, inadvertent reactivity additions due to introduction of cold or unborated water at
INTERMEDIATE SHUTDOWN, HOT SHUTDOWN, REACTOR CRITICAL, or POWER
OPERATION are not considered.

An SUIL event is defined as an uncontrolled reduction in coolant temperature and/or boron
concentration in the core region resulting from either the start-up of a reactor coolant pump (RCP)
on an idle loop (the loop stop valves open case), or recirculation through a loop stop valve bypass
line on an isolated loop (the loop stop valves closed case) when a reduced coolant temperature or
boron concentration exists in the idle (or isolated) loop. A loop is considered idle when its hot and
cold leg loop stop valves are open, but the reactor coolant pump on the loop is not operating.
When no coolant temperature or boron concentration differential exists between the idle (or
isolated) loop and the active portion of the reactor coolant system (RCS), the start-up of an RCP
does not result in reactivity insertion, erosion of shutdown margin (SDM), power excursion, or
reduction in margin to a departure from nucleate boiling (DNB) condition. Under these
conditions, start-up of an RCP is simply a start-up procedure, and does not represent an SUIL
event.
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Because starting an RCP is a deliberate action under operator control, the initiator for an
SUIL event is postulated to be multiple administrative errors. If a significant coolant temperature
or boron concentration differential existed between the idle (or isolated) loop and the active
portion of the RCS, starting the RCP on the idle (or isolated) loop could result in a reactivity
insertion, erosion of SDM, and a power excursion. If the core heat flux exceeded the ability of the
RCS fluid to conduct the heat from the fuel, the power excursion could lead to DNB and
subsequent cladding failure at localized hot spots. Further, coolant expansion in the core region
could lead to overpressurization of the RCS. Administrative controls governed by Technical
Specifications ensure that, prior to starting an RCP, the differential coolant temperature and boron
concentration between the idle (or isolated) loop and the active portion of the RCS are less than
those which could result in complete loss of shutdown margin.

If the administrative controls governed by Technical Specifications are circumvented, and a
differential coolant temperature and boron concentration beyond that ensured by the
administrative controls is achieved, the start-up of an RCP could result in fuel cladding failure due
to the onset of DNB, and potential overpressurization of the RCS. The DNB response of the fuel
would be governed primarily by the core power and RCS temperature transient responses. The
major contributors to the core power response are the change to the RCS boron concentration and
the change to the RCS fluid temperature. Power changes induced by changing the RCS
temperature are driven by the magnitude and direction of the moderator reactivity feedback. For
example, the moderator temperature coefficient (MTC) is negative throughout most of the fuel
cycle and thus acts to increase the total reactivity of the reactor core, i.e. reactor power, as the
RCS temperature decreases. Finally, the fuel Doppler coefficient also plays a minor role in the
determination of the transient core power response because the reactivity feedback caused by the
heating of the fuel inherently limits the power peaking.

The consequences of an SUIL event would be mitigated by operating RCPs or residual heat
removal (RHR) pumps, which would remain operational throughout the event to transfer energy
from the fuel to the reactor coolant. Although the RCS temperature and pressure transients would
be limited by the operation of RCS and main steam (MS) pressure relief valves, the power
excursion would ultimately be terminated by either (a) the addition of negative reactivity from the
safety control rod banks due to a reactor trip, (b) aborting the RCP start-up, or (c) manual
initiation of safety injection. A reactor protection signal and reactor trip would be generated by
one of the following reactor trip system (RTS) functions: source range neutron flux, power range
neutron flux (low setpoint), power range neutron flux (high setpoint), overtemperature delta-T,
overpower delta-T, loss of flow, or manual reactor trip.

After operator or automatic action to stabilize the RCS conditions, sensible and decay heat
would be removed by steaming to the condenser through the steam bypass system, to the
atmosphere through the MS power operated relief valves (PORVs) or the main steam safety valves
(MSSVs), or any combination of the three methods. However, the desirability of a given method is
based on system availability and the extent to which the fission product barriers have been
compromised. In all scenarios, feedwater would remain available to the steam generators from the
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auxiliary feedwater (AFW) system to replenish the secondary coolant. At this point in the
transient, the reactor operators or automatic control systems would function to maintain the plant
at shutdown conditions.

14.2.6.2 Accident Evaluation

An SUIL event is defined as an uncontrolled reduction in coolant temperature or boron
concentration in the region of the core resulting from either the start-up of an RCP on an idle loop
(loop stop valves open case), or recirculation through a loop stop valve bypass line on an isolated
(loop stop valves closed case) loop, when a reduced coolant temperature or boron concentration
exists in the idle (or isolated) loop. A loop is considered idle when its hot and cold leg loop stop
valves are open, but the RCP on the loop is not operating. The ultimate goal of the accident
analysis is to demonstrate that a DNB condition is not reached during the accident and, hence,
fuel failure is not predicted to occur.

A high level of confidence that a DNB condition will not be reached is demonstrated by
consideration of the Technical Specification requirements for loop stop valve operation, and for
filling drained and isolated loops. Technical Specifications and associated procedures ensure that
the preconditions necessary for significant reactivity insertion during an SUIL event (i.e., reduced
temperature and boron concentration in an isolated or idle loop) cannot be achieved under
credible circumstances.

A calculation has been performed to verify that an SUIL event with the maximum credible
temperature differential between an idle loop and the active portion of the RCS at COLD
SHUTDOWN or REFUELING SHUTDOWN will not result in complete loss of shutdown
margin. This calculation is described in Section 14.2.6.2.4. In addition, a calculation was
performed to determine the reactivity insertion rate and time to loss of shutdown margin assuming
isolated loop recirculation is being performed with 0 ppm boron in the isolated loop. This
calculation is described in Section 14.2.6.2.5.

14.2.6.2.1 Loop Configurations Permitted by Technical Specifications

The Technical Specifications permit the following RCS and RHR loop configurations to be
achieved:

1. Two RCS Loops Operating, and One RCS Loop Idle (Unisolated)

2. Two RCS Loops Operating, and One RCS Loop Isolated

3. One RCS Loop Operating, and Two RCS Loops Idle (Unisolated)

4. One RCS Loop Operating, One RCS Loop Idle (Unisolated), and One RCS Loop Isolated

5. One or Two RHR Loops Operating, Three RCS Loops Idle (Unisolated)

6. One or Two RHR Loops Operating, Two RCS Loops Idle (Unisolated), and One RCS Loop
Isolated
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7. One or Two RHR Loops Operating, One RCS Loop Idle (Unisolated), and Two RCS Loop
Isolated

8. Two RHR Loops Operating, Three RCS Loops Isolated

In cases 1 through 4, RHR may or may not be in operation. Of the above configurations,
only those with an idle, unisolated loop are possible loop configurations for the loop stop valve
open case (i.e., configurations 1, 3, 4, 5, 6, and 7). Similarly, only configurations 2, 4, 6, 7, and 8
are possible loop configurations for the loop stop valves closed case. As described below,
achievement of these configurations in combination with a reduced idle (or isolated) loop
temperature and reduced boron concentration would involve a non-credible combination of
operator errors.

14.2.6.2.2 Procedural Requirements for Returning Isolated and Filled Loops to Service

To preclude the possibility of inadvertent reactivity insertion due to boron concentration or
temperature mismatch between isolated and active portions of the RCS, Technical
Specification 3.17 establishes requirements for loop stop valve operations:

1. Loop stop valves must remain open except during COLD SHUTDOWN or REFUELING
SHUTDOWN. (An exception is made for short-term maintenance activities.)

2. When a reactor coolant loop is isolated, the loop stop valves must be de-energized, and their
circuit breakers must be locked open.

3. An operable source range nuclear instrumentation channel with audible indication must be
continuously monitored when returning an isolated loop to service. The loop stop valves
must be closed if the source range count rate doubles.

4. Before opening the hot leg loop stop valve, the boron concentration in the isolated loop must
be verified to be greater than or equal to the boron concentration corresponding to the
shutdown margin requirements for the active volume of the Reactor Coolant System.

5. Before opening a cold leg loop stop valve, the hot leg loop stop valve must be open, and a
relief line flow rate of at least 125 gpm must be established for at least 90 minutes. This time
period and flow rate is sufficient to equilibrate the boron concentration and temperature of
the isolated and active portions of the RCS. Further, the cold leg temperature of the isolated
loop must be verified to be at least 70°F, and within 20°F of the highest cold leg temperature
of the active loops. Verification of this condition must be completed within 30 minutes prior
to opening the cold leg loop stop valve in the isolated loop. Finally, the boron concentration
of the isolated loop must be greater than or equal to the boron concentration corresponding to
the shutdown margin requirements for the active volume of the Reactor Coolant System.

Concerning the above requirements for loop stop valve operation, the Basis for Technical
Specification 3.17 states: “The return to service of an isolated and filled loop is done in a
controlled manner that virtually precludes the possibility of an uncontrolled positive reactivity



Revision 39—09/27/07 SPS UFSAR 14.2-21
 

addition from cold water or boron dilution.” The recirculation activity described above is
performed under strict administrative controls. Therefore, this activity itself does not constitute a
boron dilution event.

14.2.6.2.3 Procedural Requirements for Filling Isolated and Drained Loops

In order to return an isolated and drained loop to service, Technical Specification 3.17
requires that the following conditions be met:

1. The isolated loop must be verified to be drained. Verification must be completed within
2 hours prior to partially opening the hot or cold leg loop stop valve in the isolated loop.

2. The RCS level must be at least 18 feet during the opening of the loop stop valves and during
filling of the isolated loop. This requirement is established to ensure that the RCS water level
does not drop below mid-nozzle level, thereby ensuring adequate suction conditions for the
RHR pumps.

3. A source range nuclear instrument channel is required to be monitored to detect any
unexpected positive reactivity addition.

Concerning the return of isolated and drained loops to service, the Basis for Technical
Specifications 3.17 states: “An initially isolated and drained loop may be returned to service by
partially opening the cold leg loop stop valves and filling the loop in a controlled manner from the
Reactor Coolant System. To eliminate numerous reactor coolant pump jogs to completely fill a
drained loop, a partial vacuum may be established in the isolated loop prior to commencing filling
from the active volume of the Reactor Coolant System. The vacuum-assist loop fill evolution
requires initiating seal injection to the reactor coolant pump to permit establishing an adequate
vacuum in the isolated loop. A portion of the reactor coolant pump seal injection enters the
isolated loop. To eliminate the reactivity concerns associated with the water injected into the
isolated and drained loop from the seal injection, a water source of known boron concentration is
used.”

By returning isolated and drained loops to service in the manner described above,
achievement of reduced idle loop temperature and reduced boron concentration would involve a
non-credible combination of operator errors.

14.2.6.2.4 Inactive Loop Start-Up with Temperature Mismatch

A bounding calculation has demonstrated that an SUIL event with the maximum credible
temperature differential between an idle loop and the active portion of the RCS during COLD
SHUTDOWN or REFUELING SHUTDOWN will not result in complete loss of shutdown
margin. This calculation assumes that the boron concentration in the idle loop is equal to the
concentration in the active portion of the RCS, but that the idle loop temperature is 150°F lower
than the active portion of the RCS. Based on this calculation, it is concluded that the reactivity
insertion driven only by temperature differential will not result in erosion of SDM, power
excursion, or reduction in margin to a DNB condition. Development of a significant boron
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concentration differential between an idle loop (i.e., loop stop valves open) and the active portion
of the RCS is not considered credible.

14.2.6.2.5 Isolated Loop Recirculation with Boron Mismatch

The start-up of an inactive reactor coolant loop with the loop stop valves initially closed has
been analyzed. The analysis assumes the inactive loop is at a boron concentration of 0 ppm, while
the active portion of the system is at 1500 ppm, a conservatively high value for the beginning of
core life. The flow through the relief line is assumed to be at its maximum value of 400 gpm. Even
with the assumption that administrative procedures are violated to the extent that an attempt is
made to open the loop stop valves with 0 ppm in the inactive loop while the remaining portion of
the system is at 1500 ppm, the dilution of the boron in the core region is slow. The initial
reactivity insertion rate is calculated to be 3.2 × 10-5 Δk/sec, considerably less than the reactivity
insertion rates considered in the Rod Withdrawal at Power and Rod Withdrawal at Subcritical
accident analyses. The operator will recognize a high source range count rate signal, and will
terminate the dilution by turning off the pump in the inactive loop or by borating to counteract the
dilution.

14.2.6.3 Conclusion

The Technical Specifications and associated procedural requirements for unisolation of an
isolated loop ensure with a high degree of confidence that the RCS and RHR loop configurations
presented above cannot achieve the preconditions (i.e., boron concentration and temperature in
the isolated loop) necessary for a significant reactivity insertion due to unisolated loop start-up.
The recirculation activity which constitutes the loop stop valves closed case is an operating
procedure performed under strict administrative control, and does not by itself constitute a
reactivity insertion accident. An SUIL event with the maximum credible temperature differential
(and no boron concentration differential) between an idle loop and the active portion of the RCS
will not result in complete loss of shutdown margin.

14.2.7 Excessive Heat Removal Due to Feedwater System Malfunctions

14.2.7.1 Identification of Causes and Accident Description

Reductions in feedwater temperature or additions of excessive feedwater can result in an
increase of core power above full power. Such transients are attenuated by the thermal capacity in
the secondary plant and in the reactor coolant system. The overpower overtemperature protection
(nuclear overpower and delta T trips) prevents any power increase that could lead to a DNBR of
less than the design DNBR limit (Section 3.2.3).

A feedwater temperature reduction and subsequent reactor coolant system load increase can
be initiated by any of the following events: the inadvertent opening of a high-pressure feedwater
heater bypass valve which diverts flow around a first-point feedwater heater, the inadvertent
opening of a low-pressure feedwater heater bypass valve which diverts flow around the second-,
third-, and fourth-point feedwater heaters, or the isolation of extraction steam to the first-point
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feedwater heaters. Inadvertent bypass valve opening or extraction steam isolation results in a
sudden reduction in feedwater inlet temperature to the steam generators. The increased
subcooling creates a greater load demand on the RCS. The feedwater heater bypass valves can
only be opened manually.

A second example of excessive heat removal is a transient associated with the accidental
full opening of feedwater regulating and bypass valves in one or more steam generator loops due
to control system malfunction or operator error. The sudden increase in feedwater flow would
increase the subcooling of the primary system resulting in a higher core power due to reactivity
feedback.

14.2.7.2 Method of Analysis

The feedwater temperature reduction event is evaluated by determining a conservative
feedwater temperature reduction for the initiating events described in Section 14.2.7.1. The
resulting feedwater temperature reduction from each initiating event is shown to be less than the
temperature reduction required to generate a primary system load increase of 10% of full power.
The event was explicitly analyzed for a bounding, 60°F feedwater temperature reduction with the
transient analysis code RETRAN (Reference 14), which simulates the reactor coolant system,
core kinetics, and the feedwater and steam systems. DNBR analysis was performed with the
thermal-hydraulic code COBRA (Reference 15). The analysis incorporates the safety analysis
FΔh limit of 1.56 and the Statistical DNBR Evaluation Methodology (Reference 21).

The feedwater temperature reduction transient analysis was performed at nominal values
consistent with steady-state full power operation: initial pressurizer pressure of 2250 psia, RCS
average temperature of 573°F, and 100% full power (2546 MWt). The use of nominal conditions
is consistent with the Virginia Power Statistical DNBR Methodology (Reference 21). The limiting
case had a Doppler temperature coefficient of -1.2 pcm/°F, a moderator temperature coefficient of
-45 pcm/°F, and automatic rod control enabled.

Excessive feedwater addition due to a feedwater control system malfunction or operator
error, which allows a feedwater control valve to open fully, was also explicitly analyzed. The
analyses were performed using the transient simulation code RETRAN. DNBR analysis used the
thermal hydraulic code COBRA. A safety analysis FΔh limit of 1.62 was assumed in the analysis.

Initial pressurizer pressure (2220 psia), reactor coolant average temperature (577°F), and
power (102% of full power = 2596.9 MWt) were assumed at extreme values consistent with
steady-state full power operation to allow for calibration and instrument errors.

The maximum capacity of the feedwater pumps at Surry is no more than 125% of nominal
full power flow. However, the excess feedwater transient was analyzed at 125%, 150%, and 200%
of nominal flow. The multi-loop cases assumed equal flows in all three secondary loops. The
analyses show that the multi-loop transients experience a lower DNBR than the corresponding
single-loop cases. Transients with reactor control were shown to have a slightly lower DNBR than
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the manual control cases. The limiting case is the multi-loop analysis with 150% feedwater flow
and automatic reactor control.

14.2.7.3 Results

14.2.7.3.1 Excessive Feedwater Flow Transient

Figures 14.2-16 through 14.2-21 show the multiple loop 150% feedwater transient with
reactor control. The positive reactivity feedback from the sudden increase of feedwater at
0.001 second results in an increase of core power which levels off at 106% of full power at about
22 seconds into the transient. The excessive feedwater addition to the steam generators causes an
overcooling of the reactor coolant system, resulting in a decrease in pressurizer pressure and RCS
average temperature. The minimum DNBR occurs during this phase, reaching a value of 1.435 at
92 seconds for standard fuel, and a value of 1.743 for SIF at 98 seconds. The mismatch between
feedwater flow and steam flow causes the steam generator level to rise until the SG high-high
level setpoint is reached, actuating feedwater isolation at 115 seconds. With the feedwater flow
reduced to zero, the primary system heats up causing a rise in RCS temperature and pressurizer
pressure and a decrease in core power due to negative moderator temperature feedback. The steam
generator inventories continue to boil off to dissipate the core power that is still being generated.
Eventually, the SG inventory drops to the low-low level setpoint, tripping the reactor at
207 seconds, followed by a turbine trip 2 seconds later.

14.2.7.3.2 Feedwater Temperature Reduction Event

The feedwater temperature reduction event was analyzed with RETRAN and COBRA for a
200-second duration, which was adequate to demonstrate a new steady-state condition well
beyond the point of the event minimum DNBR. Feedwater temperature reduction, normalized
nuclear power, change in pressurizer pressure, change in RCS loop ΔT, change in RCS average
temperature, and MDNBR as a function of time are illustrated in Figures 14.2-22
through 14.2-27. The reactor coolant system cooldown caused by the reduced feedwater
temperature results in a decrease in coolant average temperature and pressurizer pressure, retarded
by the increase in core power from the large negative moderator temperature coefficient. The
system reaches a new steady-state condition at 109% full power, with Tavg 2.3°F below nominal
and RCS loop ΔT 5.7°F above nominal. The reactor does not trip under these conditions.
Pressurizer pressure decreases to 25.6 psi below nominal before recovering due to pressurizer
heater actuation. The event minimum DNBR is 2.045 for SIF. Analysis results confirm that the
excessive load increase event evaluated in Section 14.2.8 is more limiting with respect to DNBR.

14.2.7.3.3 Excessive Feedwater Flow Hot Zero Power

Multiple loop excessive flow malfunction is not considered credible at no load conditions.
The Feedwater Control System (FWCS) would be in manual mode at start-up and low power.
Thus, a series of operator actions inadvertently opening the main and bypass control valves in
more than one loop simultaneously would be extremely improbable. At full power, the FWCS is
in automatic and a multiple loop control system malfunction becomes more credible. However,
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the possibility of single loop malfunction at hot zero power has been considered and is discussed
below.

The reactivity insertion rate at no load following an excessive feedwater accident has also
been calculated, with the following assumptions:

1. A step increase in feedwater flow to one steam generator from 0 to the nominal full-load
flow.

2. The most negative reactivity moderator coefficient at the end of life. The value used in the
calculation was for a rodded core. The value when just critical at no load will be less
negative.

3. A constant feedwater temperature of 70°F.

4. Neglect of the heat capacity of the reactor coolant system and the thick metal of the steam
generator shell.

5. Neglect of the energy stored in the fluid of the unaffected steam generators.

The maximum reactivity insertion rate was calculated to be 3.9 × 10-4 delta k/sec, which is
less than the maximum reactivity insertion rate analyzed in Section 14.2.1, Uncontrolled
Control-Rod Assembly Withdrawal From a Subcritical Condition. It should be noted that if the
incident occurs with the unit just critical at no load, the reactor may be tripped by the power range
flux level trip at a low setting (approximately 25%). As shown in Section 14.2.1 there is a large
DNB margin with the above-calculated reactivity insertion rate.

The continuous addition of cold feedwater after a reactor trip is prevented since the
reduction of the reactor coolant system temperature, pressure, and pressurizer level leads to the
actuation of safety injection on low-low pressurizer pressure. The safety injection signal trips the
main feedwater pumps and closes the feedwater pump discharge valves as well as the main
feedwater control valves.

14.2.7.4 Conclusions

Primary system load increase due to the inadvertent opening of a feedwater heater manual
bypass valve or the isolation of extraction steam to both first-point feedwater heaters is bounded
by that assumed for the excessive load increase event presented in Section 14.2.8. The excessive
load increase event evaluates the consequences of a 10% step load increase from full power. The
feedwater temperature reduction event is shown to be bounded by the excessive load increase
event.

Representative transient results for excessive load increases due to reduced feedwater
temperature and excessive feedwater flow indicate that a core power increase is accompanied by a
reactor coolant system average temperature decrease. This has the effect of maintaining an
adequate margin to the design DNBR limit (Section 3.2.3). It has been shown that the maximum
reactivity insertion rate that occurs at no load following excessive feedwater addition is less than
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the maximum value considered in the analysis of a control rod assembly withdrawal incident from
a subcritical condition. It has further been shown that automatic action occurs to prevent the
continuous addition of cold feedwater after a unit trip. The event acceptance criteria (DNBR
greater than limit, reactor coolant system and main steam system pressures less than 110% of
design limits, no event propagation) are satisfied for the feedwater malfunction that results in
either an increase in feedwater flow or a decrease in feedwater temperature.

14.2.8 Excessive Load Increase Incident

An excessive load increase incident is defined as a rapid increase in steam generator flow
that causes a power mismatch between the reactor core power and the steam generator load
demand. The reactor control system is designed to accommodate a 10% step-load increase or a
5% per minute ramp-load increase, without a reactor-trip, in the range of 15% to 100% of full
power. Any loading rate in excess of these values may cause a reactor trip to be actuated by the
reactor protection system. If the load increase exceeds the capability of the reactor control system,
the transient is terminated in sufficient time to prevent the DNBR from being reduced below 1.46,
since the core is protected by the combination of the nuclear overpower and the
overpower-overtemperature trips discussed in Chapter 7, although the analysis conservatively
does not credit the latter trip. An excessive load increase incident could result from either an
administrative violation, such as excessive loading by the operator, or an equipment malfunction
in the steam bypass control or turbine speed control.

For excessive loading by the operator or by system demand, the turbine load limiter keeps
the maximum turbine load from exceeding 100% rated load.

During power operation, steam bypass to the condenser is controlled by reactor coolant
condition signals; high reactor coolant temperature indicates a need for steam bypass. A single
controller malfunction does not cause steam bypass; an interlock blocks the opening of the valves
unless a large turbine load decrease or a turbine trip has occurred.

14.2.8.1 Method of Analysis

Three cases were analyzed to demonstrate the unit behavior for a 10% step increase from
the rated load of 2546 Mwt. The first two cases were at end-of-life (EOL) conditions, when the
moderator temperature coefficient (MTC) for the core is assumed to be at its most negative limit
of -45 pcm/°F, with and without automatic rod control. The third case was at beginning-of-life
(BOL), with the MTC at its least negative limit of 0.0 pcm/°F and automatic rod control. Previous
analyses indicate that a BOL case without automatic rod control is bounded by the other cases.
The analyses were performed using the RETRAN code to provide a detailed simulation of the
RCS, core kinetics, and the feedwater and steam systems. Following the RETRAN calculation of
the RCS transient initiated from nominal conditions, the core thermal hydraulic code COBRA
was used to compute the statistical minimum DNBR as a function of time.
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14.2.8.2 Results

Figures 14.2-28, 14.2-29, 14.2-30, 14.2-31, and 14.2-32 illustrate the results of the ELI
transient with the reactor in manual control at EOL conditions, while Figures 14.2-33, 14.2-34,
14.2-35, 14.2-36, and 14.2-37 represent the same event under automatic control. As expected, in
the manual control case the decrease in RCS pressure and temperature is much more pronounced
due to the high moderator temperature feedback. Under automatic control, rod movement will
significantly retard the decrease in pressure and temperature. The nuclear power levels off at
approximately 110% in both cases to balance the steam flow; but it does so sooner under
automatic control. The transient DNBR decreases initially and flattens out as the power
equilibrium is reached. Rod control has only a minimal effect on the magnitude of the minimum
DNBR: 1.99 with automatic control and 2.00 without.

The third case, at BOL under automatic control with enhanced rod worth, is represented in
Figures 14.2-38, 14.2-39, 14.2-40, 14.2-41, and 14.2-42. The behavior is similar to that of the
second case above. As the moderator feedback is assumed to be negligible at BOL, the reactivity
to counteract the overcooling effect comes entirely from the control rods. Although RCS pressure
and temperature drop initially, they recover and rise to a comparable level later in the transient,
and are expected to reach an equilibrium, if the transient is followed long enough. The transient
DNBR decreases as before and flattens out to give a minimum of 1.97.

14.2.8.3 Conclusions

The three cases analyzed show a considerable margin to the limiting DNBR of 1.46. It is
concluded that unit integrity is maintained throughout lifetime for the excessive load increase
incident.

14.2.9 Loss of Reactor Coolant Flow

14.2.9.1 Flow Coastdown Incidents

A loss-of-coolant-flow incident can result from a mechanical or electrical failure in a
reactor coolant pump or from an interruption in the power supply to these pumps. If the reactor is
at power at the time of the incident, the immediate effect is a rapid increase in coolant
temperature.

This increase could result in DNB with subsequent fuel damage if the reactor is not tripped
promptly. The following trip circuits provides the necessary protection against any
loss-of-coolant-flow incident:

1. Low reactor coolant flow.

2. Reactor Coolant Pump motor circuit breaker opening,

3. Low voltage on pump power supply busses, and

4. Low frequency on pump power supply busses (opens RCP supply breakers).
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Of these, only the low reactor coolant flow reactor trip is assumed in the analysis. The low
frequency and low voltage signals are not credited for reactor protection, but are assumed to trip
the RCPs at their appropriate setpoints. They provide diverse backup protection for loss of flow
accidents. Even though these reactor protection system inputs do not meet IEEE-279
requirements, no credible failure mechanism has been identified which would impact the
operability of the reactor protection system.

The reactor trip setpoints and their redundancy are further described in UFSAR Section 7.2,
Reactor Protection System.

The simultaneous loss of electric power to all reactor coolant pumps at full power is the
most severe credible loss-of-coolant-flow condition. For this condition, reactor trip together with
flow sustained by the inertia of the coolant and rotating pump parts will be sufficient to prevent
reactor coolant system overpressure and the DNBR from being reduced below the design DNBR
limit (Section 3.2.3).

The previous loss-of-flow analyses examines six cases:

1. Loss of three pumps from a nominal reactor coolant system heat output of 100%
(2441 MWt) with three loops operating.

2. Loss of one pump from a nominal reactor coolant system heat output of 100% (2441 MWt)
with three loops operating.

3. Loss of two pumps from a nominal reactor coolant system heat output of 60% (1464.6 MWt)
with two loops operating and no loop stop valves closed.

4. Loss of one pump from a nominal reactor coolant system heat output of 60% (1464.6 MWt)
with two loops operating and no loop stop valves closed.

5. Loss of two pumps from a nominal reactor coolant system heat output of 67% (1635.5 MWt)
with two loops operating and loop stop valves closed in one loop.

6. Loss of one pump from a nominal reactor coolant system heat output of 67% (1635.5 MWt)
with two loops operating and loop stop valves closed in one loop.

The following discussion presents the loss-of-flow analysis performed for operation with a
core rated power of 2546 Mwt. This analysis does not include cases for two loop operation.

14.2.9.1.1 Method of Analysis

The two limiting cases that were analyzed are as follows:

1. Loss of three out of three RCPs from a nominal power level of 100% (uprated 2546 MWt),
due to an undervoltage condition.

2. Loss of three out of three RCPs from a nominal power level of 100% (uprated 2546 MWt),
due to a frequency decay condition (-5 Hz/sec).
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Partial losses of flow from the loss of fewer than three reactor coolant pumps are protected
by the same low flow reactor trip. Because of the identical protection setpoint, and
correspondingly higher coolant flow rates throughout the transient, the partial loss of flow events
are less limiting than the complete loss of flow events. Therefore, the partial loss of flow events
are bounded by the complete loss of flow analyses and no specific partial loss of flow analyses are
run.

The above analyses assume core characteristics associated with the 15 x 15 SIF fuel
product. The analysis incorporates an enthalpy hot channel factor (FΔh) of 1.56 and the Statistical
DNBR Evaluation Methodology (Reference 21).

The normal power supplies for the pumps are three buses supplied by the generator. Each
bus supplies power to one pump. When a generator trip occurs, the pumps are automatically
transferred to a bus supplied from external power lines, and the pumps continue to supply coolant
flow to the core. The simultaneous loss of power to all reactor coolant pumps is a highly unlikely
event. Following any turbine trip, where there are no electrical faults that require tripping the
generator from the pump supply network, the generator remains connected to the network for
approximately 30 seconds. The reactor coolant pumps remain connected to the generator, thus
ensuring full flow for approximately 30 seconds after the reactor trip before any transfer is made.
Since each pump is on a separate bus, a single-bus fault would not result in the loss of more than
one pump.

A full unit simulation with RETRAN (Reference 14) is used in the analysis to compute the
core average and hot-spot heat flux transient responses, including flow coastdown, temperature,
reactivity, and control-rod assembly insertion effects.

These data are then used in a detailed thermal-hydraulic computation using the Virginia
Power COBRA code (Reference 15) to compute the DNB margin. This computation solves the
continuity, momentum, and energy equations of fluid flow, together with the WRB-1 DNB
correlation discussed in Section 3.4.2. The assumptions made in the calculations are discussed
below.

14.2.9.1.2 Initial Operating Conditions

The initial conditions which are assumed in the analysis are presented below. They are
consistent with the statistical treatment of key analysis parameters for the 15 x 15 SIF analysis.
(See Section 3.4.3.2).

1. Nominal 100% Power - 3 loops operating - 15 x 15 SIF:

Power 2546 MWt
Pressure 2249.7 psia
Inlet Temperature 541.9°F
Minimum Measured Flow 273,000 gpm
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14.2.9.1.3 Reactivity Coefficients

A least negative Doppler Temperature Coefficient (-1.0 pcm/°F) and most positive
Moderator Temperature Coefficient (+6 pcm/°F) were assumed since these result in higher heat
flux at the time of minimum DNBR. The sensitivity to the effective delayed neutron fraction was
evaluated. A minimum delayed neutron fraction was used because it produced the most limiting
DNBR.

14.2.9.1.4 Reactor Trip

Following the loss of flow induced by underfrequency or undervoltage, the reactor is
assumed to trip on low flow in any loop. This trip meets the IEEE-279 criterion and therefore
cannot be negated by a single failure. Neither the low voltage nor low frequency trip circuits meet
the IEEE-279 criterion from sensor to trip and are therefore considered backup trips. The low flow
trip setting is 90% of full loop flow; the trip signal is assumed to be initiated at 87% of minimum
measured flow, allowing 3% for instrumentation errors. It is also assumed that, upon reactor trip,
the most reactive control rod assembly is stuck in its fully withdrawn position, resulting in a
minimum insertion of negative reactivity. The assumed trip reactivity was 4.0% Δk/k, which is
confirmed to be bounding for each reload cycle.

14.2.9.1.5 Flow Coastdown

Reactor coolant flow coastdown curves for the limiting undervoltage and underfrequency
induced loss of flow accidents are shown in Figures 14.2-43 and 14.2-44, respectively. The flow
profile for the undervoltage transient includes an initial 2% flow penalty to account for the
potential of a “back EMF” phenomenon prior to the trip of the RCP. The RCP will maintain flow
at or above 98% for undervoltage conditions less severe than the undervoltage trip setpoint. This
is modeled by a prompt drop in flow from 100% to 98% of minimum measured flow followed by
a five second delay prior to the RCP trip on (undervoltage). The reactor is not assumed to trip until
the low flow setpoint has been reached.

14.2.9.1.6 Results

Both the underfrequency and the undervoltage trip events were analyzed. The two events
were found to have identical values of minimum DNBR. The minimum DNBRs for the two
accidents showed a considerable margin to the design DNBR limit.

The transient responses of power, inlet temperature, average temperature, pressurizer
pressure, and DNBR are plotted in Figures 14.2-45 through 14.2-50 for the undervoltage case
and 14.2-51 through 14.2-56 for the underfrequency case.

14.2.9.1.7 Conclusions

The analyses performed have demonstrated that for the above loss of flow incidents, the
DNBR does not decrease below the limit value at any time during the transient. Thus, no fuel or
clad damage is predicted, and all applicable acceptance criteria are met.
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14.2.9.2 Locked Rotor Incident

14.2.9.2.1 Identification of Causes and Accident Description

The Locked Rotor/Sheared Shaft events are characterized by the rapid loss of forced
circulation in one Reactor Coolant System (RCS) loop. A Locked Rotor event is defined as the
seizure of a Reactor Coolant Pump (RCP) motor due to a mechanical failure. The Sheared Shaft
event is defined as the separation of the RCP impeller from the motor due to the severance of the
impeller shaft. For both the Locked Rotor and the Sheared Shaft events, the postulate RCP failure
causes the reactor coolant flow rate to decrease more rapidly than a normal RCP coastdown.

During power operation the reduction in RCS flow caused by a Locked Rotor or Sheared
Shaft event results in degradation of the heat transfer between the fuel and the reactor coolant, and
between the reactor coolant and the secondary coolant in the steam generator (SG). As a result of
the reduced fluid velocity, the core differential (ΔT) and average temperatures (Tavg) increase. The
reduced heat transfer to the secondary fluid also contributes to the reactor coolant temperature
increase. The expansion of the RCS fluid that accompanies the temperature increase causes an
insurge of coolant into the pressurizer, and thus an increase in the reactor coolant system pressure.
The reduced fluid velocity and subsequent temperature rise also act to reduce the heat transfer
from the fuel, causing the fuel temperature to increase. Fuel damage could then result if specified
acceptable fuel damage limits are exceeded during the transient, i.e., if the fuel experiences a
Departure from Nucleate Boiling (DNB). Due to the severe nature of these postulated failures, the
likelihood that a limited number of fuel rods will experience DNB is significant. Thus, timely
actuation of the Reactor Protection System (RPS) is required to help limit the number of potential
fuel failures.

The immediate core power response during a Locked Rotor or Sheared Shaft event will
change in accordance with the RCS temperature and pressure based on the magnitude and
direction of the moderator reactivity feedback. As such, a Locked Rotor or Sheared Shaft event
occurring in the presence of a positive Moderator Temperature Coefficient (MTC) will see an
increase in core power at the RCS temperature increases. Conversely, the presence of a negative
MTC will cause the core power to decrease as the RCS temperature increases. If the Rod Control
System is in automatic, movement of the control rods will generally be in a direction such that a
power reduction occurs.

The core power response is also influenced by the magnitude of the fuel Doppler
coefficient. The reduced capability of the reactor coolant to remove energy from the reactor core
causes the fuel temperature to increase. In the presence of a negative fuel Doppler coefficient, a
fuel temperature increase contributes negative reactivity to the core, which acts to diminish the
core power increase.

The potential for a Locked Rotor or Sheared Shaft event is present during all modes of
operation where at least one RCP is functioning to provide forced circulation. However, the
consequences of a Locked Rotor or Sheared Shaft event are reduced dramatically when the
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reactor is not at power. During subcritical or zero power operation, natural circulation is more
than adequate to remove decay heat following the loss of forced circulation. Thus, the potential
for exceeding the specified fuel design limits is nearly zero when the reactor is not at power.

Maintaining the fuel cladding integrity is a primary concern for the Locked Rotor/Sheared
Shaft event, although integrity may not be maintained for all fuel rods. Therefore, maintaining the
RCS as a fission product barrier becomes more significant. Specifically, RCS integrity may be
challenged as a result of the volumetric expansion of the fluid caused by the heating of the RCS
fluid. Operation of the pressurizer sprays and Power Operated Relief Valves (PORVs) can help
limit the impact of the subsequent pressure increase, but cannot counteract the volumetric
expansion of the RCS fluid. In general, the short duration of the Locked Rotor event acts in
concert with the functioning of the Pressurizer Safety Valves (PSVs), to prevent excessive RCS
pressurization. Thus, timely actuation of the RPS is also required to help limit the RCS pressure
response.

Sensible and decay heat can be removed by steaming to the condenser through the steam
bypass system, to the atmosphere through the Main Steam (MS) PORV or the Main Steam Safety
Valves (MSSVs), or any combination of the three methods. However, the desirability of a given
method is based on system availability and the extent to which the fission product barriers have
been compromised. In all scenarios, feedwater remains available to the Steam Generators (SGs)
from either the Main Feedwater (MFW) System or the Auxiliary Feedwater (AFW) System to
replenish the secondary coolant. Shortly after the reactor is shut down, the energy removal
capability of the SGs will exceed the RCS sensible and decay heat levels, and the reactor
operators/automatic control systems will function to maintain the plant at the new equilibrium
condition.

The use of the ZIRLO alloy in Surry fuel assemblies does not affect the calculations of the
number of rods in DNB or the peak RCS pressure, and has a negligible effect on the total
Zirconium/water reaction compared to Zircaloy. Therefore, the analysis for the SIF fuel design
remains applicable, and reanalysis of the locked rotor event was not required for the
implementation of this cladding material.

14.2.9.2.2 Method of Analysis

14.2.9.2.2.1 General. To cover all applicable phases of plant operation, Locked Rotor and
Sheared Shaft events during Cold Shutdown, Intermediate Shutdown, Hot Shutdown, Reactor
Critical (manual rod control), and Power Operation (automatic and manual rod control modes) are
considered. A transient analysis is only required for the Locked Rotor and Sheared Shaft events at
full power with manual rod control. The results for a Locked Rotor or Sheared Shaft event at any
of the remaining operating conditions are bounded by those of the full power manual rod control
case.
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Except where otherwise noted, the following assumptions are made in the Locked
Rotor/Sheared Shaft transient analysis:

1. The DNB analysis employs a statistical treatment of key analysis uncertainties; the transient
cases are initiated from nominal thermal/hydraulic conditions (core power of 2546 Mwt;
vessel Tavg of 573.0°F; pressurizer pressure of 2250 psia; and the Technical Specification
Minimum Measured Flow Rate).

2. The main steam and RCS overpressurization analyses employ a deterministic treatment of
key analysis uncertainties (102% power; nominal Tavg +4°F; nominal pressurizer pressure
+30 psi; and Thermal Design Flow).

3. Reactor protection is assumed to be provided by the low coolant loop flow rate reactor trip at
87% of the applicable analysis flow rate. A 1.0-second trip delay is assumed.

4. The analysis supports a moderator temperature coefficient (MTC) core design limit of
+6.0 pcm/°F from 0% to 50% power and a linearly decreasing limit to 0.0 pcm/°F at 100%
power. The analysis is non-limiting at EOC.

5. Unaffected reactor coolant pumps were assumed to trip 2.0 seconds after reactor trip on low
loop coolant flow. The inertia of the unaffected pumps was conservatively reduced by 10%
from the design value.

6. In the DNB transient analyses, the turbine trip following reactor trip was conservatively
assumed to not function. In the main steam and RCS overpressurization transient analyses,
the turbine trip following reactor trip was conservatively assumed to actuate.

7. Manual rod control was assumed.

8. In the DNB transient analyses, the pressurizer sprays and PORVs are conservatively assumed
to be operable. In the main steam and RCS overpressurization transient analyses, the
pressurizer sprays and PORVs are conservatively assumed to not actuate.

9. The RCS overpressurization analysis assumes 50% bypass flow. The high degree of bypass
flow in the overpressurization cases compensates for the uncertainty associated with the
thermal/hydraulic behavior of the core due to coolant voiding during a locked rotor event.

14.2.9.2.2.2 Transient Analysis for DNB. The transient analysis for DNB considerations utilizes
the RETRAN transient analysis code (Reference 14) and the COBRA IIIC/MIT detailed core
thermal/hydraulics code (Reference 15). The WRB-1 critical heat flux correlation (Reference 34)
is used in the analysis.

The transient analysis for DNB is performed to determine the number of fuel pins that
experience DNB as a result of a Locked Rotor or Sheared Shaft event. A fuel pin is assumed to
fail if the predicted MDNBR is less than the statistical DNBR (Reference 21) Design Limit. The
Locked Rotor DNB event scenario is therefore designed to produce the most limiting DNB
response. From an analytical perspective, this goal is achieved by choosing initial conditions and
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analysis assumptions that will maximize coolant temperature and the power-to-flow ratio and
minimize pressure during the event.

The analysis results demonstrate that no rods have a calculated MDNBR less than the
statistical DNBR Design Limit. The radiological dose consequences analysis for the locked rotor
event assumes 1.4% of the rods fail. Figures 14.2-57 through 14.2-59 provide transient results for
core inlet mass flow rate, core heat flux and core inlet temperature from the limiting DNBR
analysis case.

14.2.9.2.2.3 Transient Analysis for RCS and Main Steam Overpressurization. The  t r an s i en t
analysis for RCS and main steam overpressurization considerations also utilizes the RETRAN
transient analysis code. The transient analysis for overpressurization considerations verifies that
the peak RCS pressure (intact cold leg pump exit pressure) and peak main steam pressure (intact
loop steam generator pressure) remain below 110% of RCS and main steam design pressure
(2750 psia and 1210 psia, respectively). The Locked Rotor overpressurization event scenario is
designed to produce the most limiting overpressurization response. From an analytical
perspective, this goal is achieved by choosing initial conditions and analysis assumptions that will
minimize RCS energy removal and maximize core coolant expansion during the transient.

Figures 14.2-60 and 14.2-61 provide transient results for RCS pressure and steam generator
pressure from the limiting pressurization analysis cases.

14.2.9.2.3 Conclusions

For the scenarios for which a transient analysis was performed, the following conclusions
are applicable:

1. Acceptable offsite dose consequences are ensured, since the analysis demonstrates that the
fraction of fuel rods predicted to experience Departure from Nucleate Boiling (DNB) is less
than that which provides acceptable offsite dose analysis results.

2. Reactor Coolant System (RCS) integrity is maintained throughout the transient as
demonstrated by analysis of transient RCS pressure. Specifically, the maximum RCS
pressure, which occurred in the intact cold leg pump exit, remained below 2750 psia
throughout the transient.

3. Main Steam System (MSS) integrity is maintained throughout the transient as demonstrated
by analysis of transient MSS pressure. Specifically, the maximum main steam pressure,
which occurred in the intact loop steam generator, remained below 1210 psia throughout the
transient.

14.2.9.2.4 Environmental Consequences of Locked Rotor Accident (LRA)

The Locked Rotor Accident (LRA) evaluates the consequences of the sudden seizure of the
rotor of one of the reactor coolant pumps. Similar results would be expected for a shear failure of
a shaft in the reactor coolant pump. In these types of accidents, flow through the affected loop
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reduces rapidly while the core is still at power, and some degree of reverse flow would be
expected through the affected loop. The low flow in the affected loop leads to a reactor and
turbine trip, but the partial loss of flow while the core is at power results in a degradation in heat
transfer which could in turn result in fuel damage.

Although there is no increase in the leakage of primary coolant to the secondary side in the
LRA, activity (from the failed fuel) may be transported to the secondary side via any preexisting
leaks in the steam generators. If there is a loss of offsite power, activity is released to the
atmosphere through the steam generator safety valves and/or the power operated relief valves
(PORVs) until the plant cools down and the reactor is secured in a safe condition.

14.2.9.2.4.1 LRA Analysis Assumptions. For this analysis the reactor is initially assumed to be
operating at 2605 MWt, which is a higher value than the 102% of rated power required for the
analysis. A turbine trip and coincident loss of offsite power are incorporated into the analysis,
which is consistent with Regulatory Guide 1.183 (Reference 36). With the assumed loss of offsite
power, releases are through the steam generator PORVs and safety valves.

Coolant activities are based on 1.4% failed fuel, in accordance with the Alternative Source
Term (AST) described in Regulatory Guide 1.183.

The possibility of uncovery of the upper portion of the steam generator tube bundle (based
on collapsed liquid levels) during a LRA was not considered in previous LRA dose calculations.
For the current evaluation, the approach taken was that developed by the Westinghouse Owners
Group (Reference 23). This approach considers that the probability of coincidental occurrence of
a LRA, a preexisting steam generator tube leak above the collapsed liquid level and condenser
unavailability due to a loss of offsite power is sufficiently small that it is not necessary to evaluate
this combination of conditions. Therefore, any leaks in the steam generator tube bundle were
assumed to remain covered throughout the accident.

When the tubes are covered, the secondary side water provides a scrubbing action, trapping
some of the activity from iodine in the primary fluid in the secondary liquid. The noble gases are
unaffected by this process. Whenever the steam generator tubes are covered, this analysis uses an
iodine partitioning factor of 0.01 to account for this effect. The value of this partitioning factor is
given in Regulatory Guide 1.183, Appendix E for the Main Steam Line Break Accident, which
has a release mechanism similar to that seen in the LRA. The retention of particulate
radionuclides in the steam generators is limited by the moisture carryover from the steam
generators. It is assumed that there is 99% retention of particulates in the SG liquid. Moisture
carryover is significantly less than 1% under post accident conditions; hence, assuming 99%
retention in the SG liquid is conservative.

For a LRA where the PORVs cycle open and closed as designed, conditions which would
generate an SI signal are not created. Without an SI signal, the Surry control room is not
automatically isolated. Therefore, the analysis assumes that the control room is not isolated
during the duration of the accident and control room air is drawn in through the normal intakes.
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The normal ventilation intakes are closer to the release point than the emergency ventilation
intakes, do not have iodine filtration and supply air to the control room at a greater flow rate than
the emergency ventilation system. Therefore, this scenario is more conservative for control room
dose calculations.

A stuck open PORV produces higher steam releases during the first two hours after a LRA
which gives slightly higher exclusion area boundary (EAB) doses. Therefore, the LRA was
analyzed based on the steam releases expected for the first two hours with a stuck open PORV for
conservatism in the calculation of EAB doses, but assuming no SI signal for conservatism in the
calculation of control room dose.

Briefly, the assumed sequence of events used in this current dose evaluation of a LRA at
Surry is as follows. The accident is initiated when one reactor coolant pump rotor locks. Power to
the other two reactor coolant pumps is assumed to be lost shortly thereafter, after the reactor trips.
Assuming the steam condensers are unavailable due to loss of offsite power, the PORVs on the
two unaffected steam generators open within seconds of the accident; the PORV on the steam
generator in the affected loop also opens within one minute. Most of the releases in the first
minute are through the unaffected steam generators; after the third PORV opens, the steam release
through all three steam generators is assumed to be essentially identical. Releases are
conservatively modeled as starting immediately.

These releases are assumed to occur for 8 hours, by which time the Reactor Coolant System
(RCS) temperature has been decreased to 350°F. At this point the Residual Heat Removal (RHR)
System is activated, and releases to the atmosphere through the steam generator PORVs cease.

14.2.9.2.4.2 Initial Radioisotope Concentrations. In accordance with Regulatory Guide 1.183
the amount of activity released is dependent on the amount of activity released due to fuel failures.

The dose consequence of the Locked Rotor Accident analysis is based on 1.4% failed
fuel—that is 1.4% of the fuel in the core (briefly) enters DNB during the accident and is therefore
assumed to fail. These fuel failures are assumed to occur instantaneously at the start of the
accident. The total amount of activity in the primary coolant at the start of the LRA is then
transported to the steam generators by primary-to-secondary leakage at 1 gpm per Technical
Specification. Table 14.2-2 gives the initial radionuclide inventories for the LRA. It should be
noted that the thermal/hydraulic analysis predicts no fuel failure as a result of a locked rotor
accident.

14.2.9.2.4.3 Locked Rotor Accident LOCADOSE Model. The LOCADOSE computer code
system (References 24 through 26), is used to calculate the doses for the LRA. The primary and
secondary system volumes used in this analysis are given in Table 14.3-12. The leakage from the
primary coolant to the secondary system through the steam generators was set at the maximum
leakage allowed by the Surry Technical Specifications, or 1 gpm through all three steam
generators. The LRA was modeled assuming that any leaks in the steam generator tube bundle
remain covered throughout the accident. The primary coolant was therefore modeled as leaking to
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the steam generator liquid volume. The flow from the secondary liquid to the secondary steam
assumes a partition factor of 0.01 for iodine and particulates.

In the LRA, most of the releases in the first minute are through steam releases from the two
unaffected steam generators. After the third PORV opens (within one minute), the steam release
through all three steam generators is assumed to be essentially identical. To simplify the modeling
of this accident, the releases were treated as being identical through all three steam generators for
the entire release period. The releases are also modeled as starting immediately, rather than a few
seconds after initiation of the accident (when the PORVs open), and continue for 8 hours. The
steam releases for the LRA are given in Table 14.2-3.

As noted above, if the PORVs cycle normally during a LRA, no SI signal is generated to
isolate the control room and initiate the flow of bottled air. The analysis therefore models normal
control room ventilation (at a 3000 cfm flow rate) and does not credit isolation or actuation of
bottled air. Also, no emergency ventilation supply is assumed to be used for the remainder of the
30-day period for which control room doses are calculated (Reference 30).

The EAB and low population zone (LPZ) atmospheric dispersion factors (χ/Q) are given in
Table 14.5-7 and were determined based on the PAVAN (NUREG/CR 2858) methodology using
meteorological data for 1994 to 1998. The control room χ/Q value was calculated using the
Reference 28 methodology. A control room χ/Q value 7.71 × 10-3 sec/m3 was used, which
reflects the distance between the release point and the normal control room ventilation intake.
Control room occupancy factors were also incorporated into the dose calculations to reflect that
personnel would not be exposed to the released activity 100% of the time over the entire 30-day
period. The factors which were used were determined based on the Regulatory Guide 1.183
methodology and are given in Table 14.5-9. The breathing rate used for the control room dose
calculations was 3.5 × 10-4 m3/sec.

14.2.9.2.4.4 Results of the Dose Calculations for LRA. The dose calculations for a LRA with
the model and assumptions described above are summarized in Table 14.2-4. The control room,
EAB, and LPZ doses given in Table 14.2-4 are in Rem TEDE. The calculated control room, EAB,
and LPZ doses for a LRA are less than the criteria specified by Regulatory Guide 1.183, and the
offsite doses are below the limits specified in 10 CFR 50.67.

14.2.10 Loss of External Electrical Load

14.2.10.1 Identification of Causes and Accident Description

The loss of external electrical load may result from an abnormal variation in network
frequency or other adverse network operating conditions. It may also result from a trip of the
turbine generator or the opening of the main breaker from the generator that fails to cause a
turbine trip but causes a large, rapid nuclear steam supply system load reduction by the action of
the turbine control.
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The unit is designed to accept a step loss of load from 100% to 50% without actuating a
reactor trip. The automatic steam bypass system, with 40% steam dump capacity to the condenser,
is able to accommodate this load rejection by reducing the severity of the transient imposed on the
reactor coolant system. The reactor power is reduced to the new equilibrium power level at a rate
consistent with the capability of the rod control system. The pressurizer relief valves may be
actuated, but the pressurizer safety valves and the steam generator safety valves do not lift for
the 50% step loss of load with condenser steam dumps.

In the event the steam bypass (condenser dump) valves fail to open following a large load
loss or in the event of a complete loss of load with the steam dump operating the steam generator
safety valves may lift and the reactor may be tripped on a high pressurizer pressure, high
pressurizer level, or overtemperature delta-T signal. The steam generator shell-side pressure and
reactor coolant temperatures will increase rapidly. The pressurizer safety valves and steam
generator safety valves are, however, sized to protect the reactor coolant system and main steam
systems, respectively, against all load losses, including a complete loss of steam load without the
bypass system (condenser dumps) or atmospheric dumps (main steam PORVs) available. The
steam dump valves will not be opened for load reductions of 10% or less. For larger load
reductions they may open.

The most likely source of a complete loss of load on the nuclear steam supply system is a
trip of the turbine generator. In this case, there is a direct reactor trip signal (unless below
approximately 10% power) derived from either the turbine autostop oil pressure or a closure of
the turbine stop valves. Reactor coolant temperatures and pressure do not significantly increase if
the steam bypass system and pressurizer pressure control system are functioning properly.
However, in this analysis, the behavior of the unit is evaluated for a complete loss of load from
full power without direct reactor trip. The analysis, presented below, shows the adequacy of the
pressure relieving devices to prevent Main Steam System and Reactor Coolant System
overpressurization and to show that no fuel damage occurs. The latter is demonstrated by
conservatively requiring that the 95/95 DNBR design limit is met for the hottest rod in the core.

As will be shown, the reactor coolant system and Main Steam System pressure relieving
devices have sufficient capacities to ensure the safety of the unit without relying on the mitigating
capabilities of the Automatic Rod Control, Pressurizer Pressure Control or Main Steam Bypass
Systems.

14.2.10.2 Method of Analysis

The complete loss of load transients are analyzed with the Virginia Power RETRAN
(Reference 14) and COBRA (Reference 15).

The RETRAN model is used to perform the overall Reactor System transient analysis. The
model describes the neutron kinetics, Reactor Coolant System including the pressurizer and
pressurizer safety and relief valves and spray, and the Main Steam System including the steam
generators and main steam safety valves. Outputs of the RETRAN analysis include reactor power
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level, temperatures and pressures at various points in the Reactor Coolant System, pressurizer
water volume and Main Steam System pressure.

The COBRA model is used to calculate the detailed subchannel thermal conditions,
including a time and position dependent Departure from Nucleate Boiling Ratio (DNBR).

14.2.10.3 Initial Operating Conditions

The following assumptions are made in the DNBR cases:

1. The behavior of the unit is evaluated for a complete loss of steam load from 100% of full
power without a direct reactor trip to demonstrate core protection margins. A statistical
treatment of key DNBR analysis parameter uncertainties is employed. Therefore, nominal
initial RCS conditions are assumed, and allowances for calibration and instrument errors are
incorporated into the limiting DNBR value as described in Statistical DNBR topical report
(Reference 21).

2. A positive moderator temperature coefficient conservative for BOC conditions and a least
negative Doppler temperature coefficient are assumed.

3. Credit is taken for the effect of pressurizer spray and power operated relief valves in reducing
or limiting the coolant pressure.

4. Main feedwater flow is isolated at the time of the turbine trip for the DNB case only.

The following assumptions are made in the Non-DNBR (RCS Pressure) case:

1. The behavior of the unit is evaluated for a complete loss of steam load from full power
without a direct reactor trip to demonstrate the adequacy of the pressure-relieving devices. A
deterministic treatment of uncertainties in initial RCS operating conditions (e.g. pressure,
temperature, flow, and core power) is used in the analysis.

2. A zero moderator temperature coefficient and a most negative Doppler temperature
coefficient are assumed.

3. The reactor is assumed to be in manual control, which is conservative from the standpoint of
maximum pressure attained.

4. Main feedwater flow is isolated at the time of the reactor trip.

5. The pressurizer safety valve tolerance is modeled with +3% PSV tolerance and 0.1 second
delay. (Only the results of the overpressure transients are sensitive to the safety valve
tolerance. The DNBR results are not sensitive to these parameters.)

6. No credit is taken for the effect of pressurizer spray and power operated relief valves in
reducing or limiting the coolant pressure.
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The following assumptions are made in both the DNBR case and non-DNBR case:

1. No credit is taken for the operation of the steam dump system, steam generator power
operated relief valves, or direct reactor trip on turbine trip. The reactor is tripped on high
pressurizer pressure. The steam generator pressure rises to the safety valve setpoint, where
steam release through safety valves limits secondary steam pressure to less than design limit.

2. No credit is taken for auxiliary feedwater flow since a stabilized plant condition will be
reached before auxiliary feedwater initiation is normally assumed to occur. The auxiliary
feedwater flow would remove core decay heat following plant stabilization.

3. All cases examined assumed reactor is in manual rod control mode. This provides the
limiting initial reactor power response to the event. In addition, all cases incorporate the
assumption of 15% steam generator tube plugging.

14.2.10.4 Results

Only the BOC cases are presented here, since they provide the limiting results with respect
to the analysis acceptance criteria of interest.

14.2.10.4.1 DNBR Case

Transient results for the RETRAN DNBR case are presented in Figures 14.2-62 to 14.2-67.
These are discussed as follows:

Figure 14.2-62 - Nuclear power initially increases in the presence of the RCS heatup and the
assumed positive moderator coefficient. Peak power reaches about 114% before the effects of
reactor trip on high pressurizer pressure dominate.

Figure 14.2-63 - RCS inlet temperature increases by about 39°F prior to the excursion being
terminated by reactor trip.

Figure 14.2-64 - Pressurizer liquid volume responds to the RCS heatup by increasing from
804 cubic feet to a maximum of about 1153 cubic feet leaving about 147 cubic feet of minimum
steam space.

Figure 14.2-65 - Cold leg pressure follows a similar trend, reaching a peak value of
2674 psia at 15 seconds.

Figure 14.2-66 - Main steam pressure reaches a maximum value of 1174 psia (36 psia
margin to the design limit) at 20 seconds. This case is expected to be limiting for main steam
pressure.

Figure 14.2-67 - Hot Channel DNBR initially increases slightly due to the pressure
increase. Then as the core inlet temperature starts to increase, there is a DNBR decrease to a
minimum of 1.93 at about 15 seconds, i.e., about 1 second after the shutdown and control rods



Revision 39—09/27/07 SPS UFSAR 14.2-41
 

begin to insert. As can be seen, this event is not limiting from the standpoint of hot channel
DNBR.

14.2.10.4.2 Non-DNBR (RCS Pressure) Case

This is the limiting RCS overpressure case. The results are presented in Figures 14.2-68
to 14.2-72. These are discussed as follows:

Figure 14.2-68 - Nuclear power does not exceed the initial value of 102% before decreasing
in response to the reactor trip on high pressurizer pressure.

Figure 14.2-69 - RCS inlet temperature increases by about 30°F. Again the temperature
increase is less than for the pressure control case because of the earlier trip.

Figure 14.2-70 - Pressurizer liquid volume responds to the RCS heatup by increasing from
854 cubic feet to a maximum of about 991 cubic feet leaving about 309 cubic feet of minimum
steam space.

Figure 14.2-71 - Cold leg pressure follows a similar trend, reaching a peak value of
2669 psia (about 81 psi margin to the analysis limit) at 9 seconds.

Figure 14.2-72 - Main steam pressure reaches a maximum value of 1161 psia (49 psi
margin to the design limit) at 17 seconds or slightly less than the primary pressure control case, as
expected.

14.2.10.5 Conclusions

The analysis indicates that for a complete loss of external electrical load without a direct or
immediate reactor trip the following criteria are met:

1. The minimum transient DNBR remains above the 95/95 DNBR design limit.

2. Pressure at the most limiting RCS location is less than 110% of RCS design pressure, or
2750 psia (the Emergency Condition Stress Limit Specified in Section III of the ASME
Code).

3. Pressure at the most limiting Main Steam System (MSS) location is less than 110% of MSS
design pressure, or 1210 psia (the Emergency Condition Stress Limit specified in Section III
of the ASME Code).

14.2.11 Loss of Normal Feedwater

A loss of normal feedwater (from a pipe break, pump failures, valve malfunctions, or loss of
offsite ac power) results in a loss in the capability of the secondary system to remove the heat
generated in the reactor core. If the reactor were not tripped during this incident, reactor core
damage could possibly occur from a sudden loss of heat sink. If an alternative supply of feedwater
were not available for the unit, residual and sensible heat following reactor trip would heat the
reactor coolant system water to the point at which water relief from the pressurizer relief valves
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occurs. A loss of significant water from the reactor coolant system could conceivably lead to core
damage. A special case of this event is a main feedwater line break in the main steam valve house
(outside containment). The transient is described in Section 14B.6.

The following provides the necessary protection against a loss of normal feedwater:

1. Reactor trip on low-low water level in any steam generator, unless the RCS loop stop valves
are closed, or on water level below the AMSAC (ATWS Mitigation System Actuation
Circuitry) setpoint in two steam generators after a time delay, providing the C-20 permissive
is satisfied.

2. Reactor trip on a main steam flow-feedwater flow mismatch coincidental with a low water
level in any steam generator.

3. The operation of two motor driven auxiliary feedwater pumps (350 gpm design flow for
each), which can be started either automatically or manually. They are started automatically
on:

a. A low-low water level in one of three steam generators as sensed by two of three channels
on that steam generator, unless the RCS loop stop valves for that steam generator are
closed.

b. The opening of one of two feedwater pump breakers on two of two main feedwater
pumps.

c. Any safety injection signal.

d. The loss of all ac power, as indicated by an undervoltage on the two transfer buses
corresponding to that unit’s emergency buses.

e. AMSAC initiation.

4. The operation of one turbine-driven pump (700 gpm), which can be started automatically or
manually. It is started automatically on:

a. A low-low level in two of three steam generators as sensed by two of three channels for
each steam generator unless the loop stop valves for those steam generators are closed.

b. Undervoltage on two of three 4160V ac station service buses for greater than 5 seconds.

c. AMSAC Initiation.

The motor-driven auxiliary feedwater pumps are supplied by the diesel generators if a loss
of outside power occurs, and the turbine-driven pump uses steam from the steam generators. The
turbine exhausts the steam to the atmosphere. The auxiliary feedwater pumps take suction directly
from the 110,000-gallon emergency condensate storage tank for delivery to the steam generators.
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The above provides functional diversity in equipment and control logic to ensure that
reactor trip and automatic auxiliary feedwater flow will occur following any loss of normal
feedwater, including that caused by a loss of ac power.

14.2.11.1 Method of Analysis

A detailed analysis using the RETRAN Code (Reference 14) was performed to obtain the
plant transient following a loss of normal feedwater (LONF). The LONF analysis includes
sensitivities on the operation of pressurizer heaters, sprays, and power operated relief valves for
the effect on the pressurizer fill and RCS overpressure criteria.

The following assumptions were made:

1. Reactor trip occurs when the steam generator water level reaches the narrow range low-level
tap in the steam generator.

2. The plant is operating at 102% of the rated thermal power level.

3. The core residual heat generation is based upon long-term operation at the initial power level
preceding the trip.

4. The loss of alternating current power case assumes offsite power becomes unavailable at the
time reactor trip occurs. The reactor coolant pumps are tripped off coincident with reactor
trip.

5. For offsite power available - two motor-driven auxiliary feedwater pumps are available
1 minute after the accident. The pumps are capable of providing 250 gpm of auxiliary
feedwater per pump. The turbine driven auxiliary feedwater pump is assumed inoperable.

For loss of offsite power - one motor-driven auxiliary pump is available 1 minute after the
accident. The pump is capable of providing 300 gpm of auxiliary feedwater. The turbine
driven auxiliary feedwater pump is assumed inoperable and the second motor-driven
auxiliary feedwater pump is not readily available, within the 1 minute timeframe.

6. Auxiliary feedwater is distributed to the steam generators through a common header.

7. Secondary system steam relief is achieved through the self-actuated safety valves. Note that
steam relief is typically through the power-operated relief valves or condenser dump valves
for most cases of loss of normal feedwater. However, for conservatism, these components are
assumed unavailable.

8. The initial reactor coolant average temperature is 4°F higher than the nominal value, since
this results in a greater expansion of reactor coolant system water during the transient and a
higher water level in the pressurizer.

9. An uncertainty of 8.5% in the full-power programmed pressurizer level is assumed. It should
be noted with regard to this incident that even if the pressurizer does fill, the low surge rate
would not cause an excessive pressure rise.
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10. Initial pressurizer pressure is 30 psi above its nominal value.

11. The analysis is performed with and without alternating current power to the station
auxiliaries.

14.2.11.1.1 Case 1 - Offsite Power Unavailable

Figures 14.2-73 through 14.2-76 show the unit parameters following a loss of normal
feedwater incident according to the assumptions listed above. Following the reactor and turbine
trip, the water level in the steam generators will fall because of a reduction of the steam generator
void fraction and because steam flow through the safety valves continues to dissipate the stored
and generated heat. For the limiting case, one minute following the initiation of the low-low level
trip, one auxiliary feedwater pump is automatically started, reducing the rate of water level
decrease. The capacity of the auxiliary feedwater pump is such that the water level in the steam
generators being fed does not recede below the lowest level at which sufficient heat transfer area
is available to dissipate core residual heat without water relief from the primary system relief or
safety valves.

The loss of alternating current power (LOAC) is a special case of the LONF event from an
analysis standpoint. The LONF event followed by a reactor coolant pump trip on low-low steam
generator water level conservatively bounds the LOAC event. Figures 14.2-73 through 14.2-76
present pressurizer pressure, pressurizer water volume, RCS loop temperature, and core inlet flow
rate, respectively, for a case assuming the pressurizer heaters are operational. The analysis of the
loss of normal feedwater event demonstrates that the auxiliary feedwater system will remove the
stored and residual heat, thus preventing overpressurization and liquid relief of RCS inventory
through the pressurizer safety valves or pressurizer power operated relief valves.

14.2.11.1.2 Case 2 - Offsite Power Remains Available

The offsite power available case assumes continuous operation of the reactor coolant
pumps. All other assumptions are consistent with those cited earlier. Figures 14.2-77
through 14.2-80 present pressurizer pressure, pressurizer water volume, RCS loop temperature,
and core inlet flow rate, respectively, for a case assuming the pressurizer heaters are operational.
This case demonstrates the adequacy of the long-term heat removal capability of the
AFW System.

14.2.11.2 Conclusions

The loss of normal feedwater does not result in any adverse condition in the core, because it
does not result in water relief from the pressurizer relief or safety valves, nor does it result in an
uncovering of the tube sheets of the steam generators being supplied with water. A long term
decrease in the pressurizer water volume is shown, peak RCS pressure does not exceed 2750 psia,
main steam pressure is less than 1210 psia, and the total secondary liquid inventory of the three
steam generators does not decrease below 15,000 lbm.
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14.2.12 Loss of All Alternating Current Power to the Station Auxiliaries

In the event of a complete loss of offsite power and a turbine trip, there would be a loss of
power to the unit auxiliaries (i.e., the reactor coolant pumps, main feedwater pumps, etc.). The
events following a loss of ac power with turbine trip are as follows:

1. Unit vital instrument loads are supplied by the emergency power sources.

2. As the steam system pressure increases, the steam system power-operated relief valves are
automatically opened to the atmosphere. (Steam bypass to the condenser is assumed to be
unavailable, since the steam bypass is not required for reactor protection.)

3. If the steam flow rate through the power-operated relief valves is not sufficient (or if the
power relief valves are not available), the steam generator self-actuated safety valves may lift
to dissipate the sensible heat of the fuel and coolant plus the residual heat produced in the
reactor.

4. As the no-load temperature is approached, the steam power-operated relief valves (or
self-actuated safety valves if the power-operated relief valves are not available for any
reason) are used to dissipate the residual heat and to maintain the unit in the hot-shutdown
condition.

5. The emergency diesel generators will start on a loss of voltage on the emergency 4160V
buses to supply unit vital loads.

The auxiliary feedwater system is started automatically as discussed in Section 14.2.11. The
steam-driven auxiliary feedwater pump uses main steam and exhausts to the atmosphere. The
motor-driven auxiliary feedwater pumps are supplied by power from the diesel generators. The
pumps take suction directly from the 110,000-gallon emergency condensate storage tank for
delivery to the steam generators. The auxiliary feedwater system ensures a feedwater supply of at
least the 300 gpm value assumed in the analysis upon loss of power to the station auxiliaries.

The auxiliary steam turbine-driven feedwater pump has a nominal capacity of 700 gpm and
the motor driven auxiliary feedwater pumps have a nominal capacity of 350 gpm each.

The steam-driven pump can be tested at any time by admitting steam to the turbine driver.
The motor-driven pumps also can be tested at any time. The valves in the system can be
operationally tested at any time.

Upon the loss of power to the reactor coolant pumps, coolant flow necessary for core
cooling and for the removal of residual heat is maintained by natural circulation in the reactor
coolant loops. The natural circulation flow was calculated for the conditions of equilibrium flow
and maximum loop flow impedance. The results given by the model are within 15% of the
measured flow values obtained during natural circulation tests conducted at the Yankee-Rowe
plant and confirmed at San Onofre and Connecticut Yankee. The natural circulation flow ratio as a
function of reactor power is given in Table 14.2-1.
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It is shown in Section 14.2.11 that a loss of normal feedwater from any cause, including a
loss of offsite ac power, does not result in water relief from the pressurizer relief or safety valves.

The loss of ac power to the station auxiliaries does not cause any adverse condition in the
core since it does not result in water relief from the pressurizer relief or safety valves.

14.2.13 Likelihood of Turbine-Generator Unit Overspeed

The technology of rotor-forging machinery and inspection techniques is intended to
produce defect-free turbine rotors. The conservative Westinghouse design helps eliminate harmful
stress-concentration points.

As a result of conservative design, very careful rotor forgings procurement, precision
machining, rigid inspection, and reliable turbine control, Westinghouse turbine-generator units
have never experienced a massive failure. Design, manufacturing, and inspection techniques for
turbine rotors and disk forgings make the possibility of an undetected flaw very remote.

Calculations indicate that, in the event of a failure at normal rated speed or at 120% of rated
speed, only shrunk-on disks Nos. 4 and 6 in the low-pressure turbine could generate external
missiles (there are 16 turbine disks). All other fragments would be incapable of penetrating the
turbine casing and would remain within the stationary turbine parts. The two possible external
missiles are a quadrant of the No. 4 disk weighing 2865 lb and having an exit velocity of 246 fps
at normal rated speed and 416 fps at 120% of rated speed, and a quadrant of the No. 6 disk
weighing 3711 lb and having an exit velocity of 184 fps at normal rated speed and 287 fps at
120% of rated speed.

The penetration capabilities of the disk-quadrant missiles, as determined by ballistic missile
formulas applicable to bomb penetration, do not present a hazard to any areas vital to plant safety,
provided that such areas have been protected against missiles generated by a tornado. Most vital
a r ea s  o f  t he  con t a inmen t  a n d  o t h e r  s t r u c t u r e s  a r e  a l s o  s h i e l d e d  by  t h e
moisture-separators/reheaters or other parts of the turbine building structure.

The probability of turbine missiles entering the spent fuel pool is essentially zero. Two
factors contribute to this. First, the location of the fuel pool limits the critical missile trajectory
angle to less than three degrees of a 20 degree locus of possible ejection angles. Only the two
No. 6 disks (from the generator end of Unit 1 LP turbine #2 and from the governor end of Unit 2
LP turbine #1) could possibly enter the pool, as shown in Figures 14.2-81 and 14.2-82. However,
for either of these missiles to strike the fuel pool, the high trajectory would have to be 1.5°, +5', -0'
off the vertical, as shown in Figure 14.2-81. Therefore, based on geometry considerations alone,
the probability of an ejected No. 6 turbine disc hitting the fuel pool is:

(3/20) x (5/60) x (1/360) = 3.5E-5
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The other factor limiting the likelihood of this event is that the probability of ejection of a
No. 6 disk is a negligibly small fraction of the total missile ejection probability. Review of
References 18 and 19 shows that the total probability of missile ejection for a 10 year disk
inspection interval is of the order of 10-1, but the probability of ejection of a No. 6 disk is about
6 orders of magnitude lower. This probability estimate includes the effects of normal operation
plus design overspeed. The ejection probability at design overspeed is more than an order of
magnitude below the normal operation probabilities due to the reduced likelihood or reaching that
condition. Addition of the destructive overspeed condition would not appreciably impact the
ejection probability.

Thus, the overall probability of a turbine missile from either unit impacting the spent fuel
pool is of the order 10-11 for a ten-year disk inspection interval, making this an essentially
incredible event.

The operating history of Westinghouse turbine-generator units, the experience gained from
past incidents, and the improvements in design and inspection techniques indicate that the
possibility of massive turbine-generator failure is extremely remote. With regard to design and
inspection techniques, it is worthwhile to mention that a technical committee of forging suppliers
and equipment manufacturers was formed in the mid-1950s under the American Society for
Testing and Materials to study turbine and generator rotor failures (Reference 10). This group
developed the high-toughness NiCrMoV material used thereafter in turbine rotors and disks. The
task force was very active in making additional improvements in the quality and soundness of
large forgings.

At the time of the initial FSAR, a survey of the literature on massive turbine failures in the
previous 25 years indicated that all of them occurred between 1953 and 1958. This survey pointed
out that the rare occurrences of catastrophic turbine failure fell into one of two categories:

1. Failure by overstressing arising from accidental and excessive overspeed.

2. Failure at approximately normal speed due to defects in the materials.

No failure of the first type had occurred in the United States. The only two documented
cases were in the United Kingdom. Both failures were caused by the main steam admission valves
sticking in the open position after full-load rejection because of impurities in the turbine control
and lubrication oil.

The causes of failures of the second type (i.e., failures at normal speed due to defects in the
material) were completely explained, and, had the ultrasonic test been used as one of the bases for
the acceptance or rejection of forgings, many of them would not have occurred. Further, the stress
concentration points that initiated failure in some units were strictly correlated to the peculiar
design characteristics of those units.

Westinghouse specified the quality and method of manufacture of the Surry forgings.
Written specifications covered the manufacturing process, the chemical and mechanical
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properties, the tests to be performed, etc. Specifically, the tests performed were both destructive
and nondestructive in nature. The destructive tests included tension tests, impact tests, and
transition temperature measurement tests. The tension specimens were taken in a radial and/or
longitudinal direction. The tensile properties were determined in accordance with ASTM A-370
on a Standard Round 0.5-inch-diameter 2-inch-gauge-length test specimen. The yield strength
was taken as the load per unit of original cross section at which the material exhibited an offset of
0.2% of the original length. The Charpy impact specimens were taken in a radial direction, and
the minimum impact strength at room temperature was measured. The transition temperature was
determined from six specimens tested at different temperatures in accordance with ASTM A-443.
The specimens were taken in a radial direction and machined in such a manner that the V-notch
was parallel to the forging axis. Two specimens were machined from each test bar. All specimens
were taken following heat treatment. Curves of impact strength and percent brittle failure versus
test temperature were drawn. The nondestructive tests included bore inspection, sulfur printing,
magnetic particle tests, thermal stability tests, and ultrasonic tests.

The bores were visually inspected and the walls of the finished bores checked for freedom
from cracks, pipe shrinkage, gas cavities, nonmetallic inclusions, injurious scratches, tool marks,
and similar defects.

A magnetic particle test was made on each forging to demonstrate the freedom from surface
discontinuities. The end faces of the main body and downward over and beyond the fillets joining
the main body to the shaft portions were magnetic particle tested. The bore was also magnetic
particle tested at a high sensitivity level in accordance with ASTM A-275. These inspections were
done by Westinghouse inspectors before Westinghouse accepted these forgings. After final
machining by Westinghouse, rotors were again magnetic particle inspected on the external
surfaces by Westinghouse.

The face of the test prolongations at each end of the rotor body or an area on the end faces
of the rotor body equivalent to the test prolongations was sulfur printed to determine the freedom
from undue ingot corner segregation and excessive sulfide inclusions.

A thermal stability test was performed on the forging at the place of manufacture after all
heat treatment had been completed.

The forgings were ultrasonically inspected at the place of manufacture by Westinghouse
inspectors.

In view of the conservative design, precision machining, reliable turbine control system,
careful rotor forging procurement, and rigid inspection, the possibility of a combination of
excessive overspeed, newborn large forging defects, and an operating temperature below the
transition temperature was considered practically zero.
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Because of the redundant means of overspeed protection and reliability of the turbine
control protection system and of the main steam system, the possibility of unit speeds above the
design value (120%) is very remote.

A description of the electro-hydraulic governing system and its operation is given in
Section 10.3.3.

In addition to design provisions associated with the turbine control and protection system,
the governor and main stop valves are exercised on a periodic basis during unit operation to
further reduce the possibility of valve stem sticking. Analyses of oil samples are performed
regularly.

The turbine is periodically oversped to check the tripping speed. The remaining tripping
devices are routinely checked.
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Table 14.2-1
NATURAL CIRCULATION REACTOR COOLANT FLOW VERSUS REACTOR POWER

Reactor Power
(% full power)

Reactor Coolant Flow
(% nominal flow)

3.5 5.0
3.0 4.7
2.5 4.4
2.0 4.1
1.5 3.8
1.0 3.3

Table 14.2-2
INITIAL RADIONUCLIDE INVENTORY

FOR THE LRA FUEL ROD GAP RELEASE WITH 1.4% FAILED FUEL

Isotope Activitiy (Ci) Isotope Activitiy (Ci)

I-130 2.7738E+03 Kr-85 1.8176E+03
I-131 1.2046E+05 Kr-87 3.7127E+04
I-132 1.0818E+05 Kr-88 5.2255E+04
I-133 1.5286E+05 Kr-89 6.3595E+04
I-134 1.6817E+05 Kr-83m 9.2069E+03
I-135 1.4334E+05 Kr-85m 1.9380E+04
Xe-133 1.5298E+05 Cs-134 3.7640E+04
Xe-135 3.7479E+04 Cs-136 8.6220E+03
Xe-137 1.3381E+05 Cs-137 2.4160E+04
Xe-138 1.2621E+05 Cs-138 3.3585E+05
Xe-131m 8.3780E+02 Cs-139 3.1816E+05
Xe-133m 4.7741E+03 Cs-134m 9.3596E+03
Xe-135m 3.0017E+04 Br-82 4.0654E+02
Rb-86 3.7476E+02 Br-83 9.1888E+03
Rb-88 1.2745E+05 Br-84 1.5899E+04
Rb-89 1.6321E+05 Br-85 1.9119E+04
Rb-90 1.5834E+05 Br-87 3.1264E+04

Br-88 3.3328E+04
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Table 14.2-3
STEAM GENERATOR VOLUMES RELEASED DURING A LOCKED ROTOR ACCIDENT

Time Period (hours)
Time Averaged Flow Rate

Liquid (CFM) Steam (CFM)
0.00 - 0.25 245 6840
0.25 - 0.33 116 3225
0.33 - 1.00 65 1807
1.00 - 2.00 43 1211
2.00 - 8.00 35 963

Table 14.2-4
LRA DOSE ANALYSIS RESULTS

Control Room
30-day Dose

(Rem)

10 CFR 50.67
Dose Limita

(Rem)

EAB 2-hour 
Dose
(Rem)

LPZ 30-day 
Dose
(Rem)

RG 1.183 
Dose Limita

(Rem)
0.92 5.0 0.23 0.03 2.5

a. 10 CFR Part 50.67 establishes TEDE dose limits for the EAB, the outer boundary of 
the LPZ, and for the control room for use with the alternate source term. The specified 
offsite dose limits are stated for evaluating reactor accidents of exceedingly low 
probability of occurrence and low risk of public exposure to radiation, e.g., a 
large-break LOCA. For events with a higher probability of occurrence, e.g., LRA 
postulated EAB and LPZ doses should not exceed the limits established in RG 1.183. 
The 10 CFR 50.67 control room criterion applies to all accidents.
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Figure 14.2-1
ROD WITHDRAWAL FROM SUBCRITICAL - NEUTRON POWER
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Figure 14.2-2
UNCONTROLLED ROD WITHDRAWAL FROM A SUBCRITICAL CONDITION,

PEAK HEAT FLUX
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Figure 14.2-3
ROD WITHDRAWAL FROM SUBCRITICAL - CORE HEAT FLUX
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Figure 14.2-4
ROD WITHDRAWAL FROM SUBCRITICAL - TEMPERATURES

(FUEL, CLAD, MODERATOR)
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Figure 14.2-5
ROD WITHDRAWAL AT POWER

MINIMUM DNBR VS. INSERTION RATE AT FULL POWER
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Figure 14.2-6
ROD WITHDRAWAL AT POWER

NUCLEAR POWER - FULL POWER LIMITING DNBR CASE
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Figure 14.2-7
ROD WITHDRAWAL AT POWER

PRESSURIZER PRESSURE - FULL POWER LIMITING DNBR CASE
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Figure 14.2-8
ROD WITHDRAWAL AT POWER

RCS AVERAGE TEMPERATURE - FULL POWER LIMITING DNBR CASE
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Figure 14.2-9
ROD WITHDRAWAL AT POWER

MINIMUM DNBR VS. INSERTION RATE AT 60% POWER
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Figure 14.2-10
ROD WITHDRAWAL AT POWER

MINIMUM DNBR VS. INSERTION RATE AT 10% POWER
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Figure 14.2-11
ROD WITHDRAWAL AT POWER

NUCLEAR POWER - RCS OVERPRESSURE CASE
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Figure 14.2-12
ROD WITHDRAWAL AT POWER

RCS AVERAGE TEMPERATURE - RCS OVERPRESSURE CASE
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Figure 14.2-13
ROD WITHDRAWAL AT POWER

COLD LEG PRESSURE - RCS OVERPRESSURE CASE
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Figure 14.2-14
NUCLEAR POWER TRANSIENT AND CORE HEAT FLUX

TRANSIENT FOR DROPPED RCCA
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Figure 14.2-15
PRESSURIZER PRESSURE TRANSIENT AND COOLANT

AVERAGE TEMPERATURE TRANSIENT FOR DROPPED RCCA
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Figure 14.2-16
SURRY MLT-LOOP EXCESS FW TRANSIENT (150% FLOW W/ROD CONTROL) - 

NUCLEAR POWER, FRACTION OF NOMINAL
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Figure 14.2-17
SURRY MLT-LOOP EXCESS FW TRANSIENT (150% FLOW W/ROD CONTROL) -

LOOP ΔT, DEG F
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Figure 14.2-18
SURRY MLT-LOOP EXCESS FW TRANSIENT (150% FLOW W/ROD CONTROL)- 

PRESSURIZER PRESSURE, PSIA
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Figure 14.2-19
SURRY MLT-LOOP EXCESS FW TRANSIENT (150% FLOW W/ROD CONTROL) -

CORE AVG TEMPERATURE, °F
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Figure 14.2-20
SURRY MLT-LOOP EXCESS FW TRANSIENT (150% FLOW W/ROD CONTROL) -

STEAM GENERATOR MASS, LBM
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Figure 14.2-21
SURRY MLT-LOOP EXCESS FW TRANSIENT 150% FLOW W/ROD CONTROL - 

MINIMUM DNBR FOR STANDARD FUEL
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Figure 14.2-22
MAIN FEEDWATER TEMPERATURE REDUCTION EVENT

CHANGE IN FEEDWATER TEMPERATURE VS. TIME
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Figure 14.2-23
MAIN FEEDWATER TEMPERATURE REDUCTION EVENT

NORMALIZED POWER VS. TIME
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Figure 14.2-24
MAIN FEEDWATER TEMPERATURE REDUCTION EVENT

CHANGE IN PRESSURIZER PRESSURE VS. TIME
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Figure 14.2-25
MAIN FEEDWATER TEMPERATURE REDUCTION EVENT

CHANGE IN RCS AVERAGE TEMPERATURE VS. TIME
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Figure 14.2-26
MAIN FEEDWATER TEMPERATURE REDUCTION EVENT

CHANGE IN RCS LOOP DELTA-T VS. TIME
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Figure 14.2-27
MAIN FEEDWATER TEMPERATURE REDUCTION EVENT

MDNBR VS. TIME
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Figure 14.2-28
SURRY EXCESSIVE LOAD INCREASE

HFP EOC 110% TURB FLOW RC OFF (SELITURB)
TRANSIENT DNBR
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Figure 14.2-29
SURRY EXCESSIVE LOAD INCREASE

HFP EOC 110% TURB FLOW RC OFF (SELITURB)
NUCLEAR POWER
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Figure 14.2-30
SURRY EXCESSIVE LOAD INCREASE

HFP EOC 110% TURB FLOW RC OFF (SELITURB)
CHANGE IN PRESSURIZER PRESSURE
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Figure 14.2-31
SURRY EXCESSIVE LOAD INCREASE

HFP EOC 110% TURB FLOW RC OFF (SELITURB)
CHANGE IN Tavg
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Figure 14.2-32
SURRY EXCESSIVE LOAD INCREASE

HFP EOC 110% TURB FLOW RC OFF (SELITURB)
CHANGE IN ΔT
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Figure 14.2-33
SURRY EXCESSIVE LOAD INCREASE

HFP EOC 110% TURB FLOW RC ON (SELITRBR)
TRANSIENT DNBR
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Figure 14.2-34
SURRY EXCESSIVE LOAD INCREASE

HFP EOC 110% TURB FLOW RC ON (SELITRBR)
NUCLEAR POWER
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Figure 14.2-35
SURRY EXCESSIVE LOAD INCREASE

HFP EOC 110% TURB FLOW RC ON (SELITRBR)
CHANGE IN PRESSURIZER PRESSURE
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Figure 14.2-36
SURRY EXCESSIVE LOAD INCREASE

HFP EOC 110% TURB FLOW RC ON (SELITRBR)
CHANGE IN Tavg
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Figure 14.2-37
SURRY EXCESSIVE LOAD INCREASE

HFP EOC 110% TURB FLOW RC ON (SELITRBR)
CHANGE IN ΔT
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Figure 14.2-38
SURRY EXCESSIVE LOAD INCREASE

HFP BOC 110% TURB FLOW (SELIBOCR)
TRANSIENT DNBR



Revision 39—09/27/07 SPS UFSAR 14.2-92
 

Figure 14.2-39
SURRY EXCESSIVE LOAD INCREASE

HFP BOC 110% TURB FLOW (SELIBOCR)
NUCLEAR POWER
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Figure 14.2-40
SURRY EXCESSIVE LOAD INCREASE

HFP BOC 110% TURB FLOW (SELIBOCR)
CHANGE IN PRESSURIZER PRESSURE
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Figure 14.2-41
SURRY EXCESSIVE LOAD INCREASE

HFP BOC 110% TURB FLOW (SELIBOCR)
CHANGE IN Tavg
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Figure 14.2-42
SURRY EXCESSIVE LOAD INCREASE

HFP BOC 110% TURB FLOW (SELIBOCR)
CHANGE IN ΔT
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Figure 14.2-43
COMPLETE LOSS OF FLOW - UNDERVOLTAGE CASE

RCS MASS FLOW RATE
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Figure 14.2-44
COMPLETE LOSS OF FLOW - UNDERFREQUENCY CASE

RCS MASS FLOW RATE



Revision 39—09/27/07 SPS UFSAR 14.2-98
 

Figure 14.2-45
COMPLETE LOSS OF FLOW - UNDERVOLTAGE CASE

NUCLEAR POWER
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Figure 14.2-46
COMPLETE LOSS OF FLOW - UNDERVOLTAGE CASE

CORE INLET TEMPERATURE
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Figure 14.2-47
COMPLETE LOSS OF FLOW - UNDERVOLTAGE CASE

RCS AVERAGE TEMPERATURE
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Figure 14.2-48
COMPLETE LOSS OF FLOW - UNDERVOLTAGE CASE

PRESSURIZER PRESSURE
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Figure 14.2-49
COMPLETE LOSS OF FLOW - UNDERVOLTAGE CASE

MINIMUM DNBR
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Figure 14.2-50
COMPLETE LOSS OF FLOW - UNDERVOLTAGE CASE

MINIMUM DNBR (ENLARGED SCALE)
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Figure 14.2-51
COMPLETE LOSS OF FLOW - UNDERFREQUENCY CASE

NUCLEAR POWER
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Figure 14.2-52
COMPLETE LOSS OF FLOW - UNDERFREQUENCY CASE

CORE INLET TEMPERATURE
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Figure 14.2-53
COMPLETE LOSS OF FLOW - UNDERFREQUENCY CASE

RCS AVERAGE TEMPERATURE
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Figure 14.2-54
COMPLETE LOSS OF FLOW - UNDERFREQUENCY CASE

PRESSURIZER PRESSURE
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Figure 14.2-55
COMPLETE LOSS OF FLOW - UNDERFREQUENCY CASE

MINIMUM DNBR
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Figure 14.2-56
COMPLETE LOSS OF FLOW - UNDERFREQUENCY CASE

MINIMUM DNBR (ENLARGED SCALE)
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Figure 14.2-57
LOCKED ROTOR - DNBR ANALYSIS CASE

CORE INLET MASS FLOW RATE
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Figure 14.2-58
LOCKED ROTOR - DNBR ANALYSIS CASE

CORE HEAT FLUX
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Figure 14.2-59
LOCKED ROTOR - DNBR ANALYSIS CASE

CORE INLET TEMPERATURE
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Figure 14.2-60
LOCKED ROTOR - RCS OVERPRESSURE CASE

RCS PRESSURE - PRESSURIZER, RCP EXIT, LOWER PLENUM
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Figure 14.2-61
LOCKED ROTOR - RCS OVERPRESSURE CASE

STEAM GENERATOR PRESSURE



Revision 39—09/27/07 SPS UFSAR 14.2-115
 

Figure 14.2-62
LOSS OF EXTERNAL LOAD - BOC WITH PRESSURIZER RELIEF & SPRAY

NUCLEAR POWER

0

20

40

60

80

100

120

0 5 10 15 20 25 30

Time (sec)

N
uc

le
ar

 P
ow

er
, P

er
ce

nt



Revision 39—09/27/07 SPS UFSAR 14.2-116
 

Figure 14.2-63
LOSS OF EXTERNAL LOAD - BOC WITH PRESSURIZER RELIEF & SPRAY

CORE INLET TEMPERATURE
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Figure 14.2-64
LOSS OF EXTERNAL LOAD - BOC WITH PRESSURIZER RELIEF & SPRAY

PRESSURIZER LIQUID VOLUME
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Figure 14.2-65
LOSS OF EXTERNAL LOAD - BOC WITH PRESSURIZER RELIEF & SPRAY

RCS COLD LEG PRESSURE
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Figure 14.2-66
LOSS OF EXTERNAL LOAD - BOC WITH PRESSURIZER RELIEF & SPRAY

STEAM GENERATOR PRESSURE
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Figure 14.2-67
LOSS OF EXTERNAL LOAD - BOC WITH PRESSURIZER RELIEF & SPRAY

HOT CHANNEL DNBR
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Figure 14.2-68
LOSS OF EXTERNAL LOAD - BOC WITHOUT PRESSURIZER RELIEF & SPRAY

NUCLEAR POWER
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Figure 14.2-69
LOSS OF EXTERNAL LOAD - BOC WITHOUT PRESSURIZER RELIEF & SPRAY

CORE INLET TEMPERATURE
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Figure 14.2-70
LOSS OF EXTERNAL LOAD - BOC WITHOUT PRESSURIZER RELIEF & SPRAY

PRESSURIZER LIQUID VOLUME
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Figure 14.2-71
LOSS OF EXTERNAL LOAD - BOC WITHOUT PRESSURIZER RELIEF & SPRAY

RCS COLD LEG PRESSURE
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Figure 14.2-72
LOSS OF EXTERNAL LOAD - BOC WITHOUT PRESSURIZER RELIEF & SPRAY

STEAM GENERATOR PRESSURE
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Figure 14.2-73
LOSS OF NORMAL FEEDWATER; PRESSURIZER PRESSURE

(OFFSITE POWER NOT AVAILABLE)
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Figure 14.2-74
LOSS OF NORMAL FEEDWATER; PRESSURIZER WATER VOLUME

(OFFSITE POWER NOT AVAILABLE)
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Figure 14.2-75
LOSS OF NORMAL FEEDWATER; RCS LOOP TEMPERATURE

(OFFSITE POWER NOT AVAILABLE)
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Figure 14.2-76
LOSS OF NORMAL FEEDWATER; CORE INLET FLOW

(OFFSITE POWER NOT AVAILABLE)
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Figure 14.2-77
LOSS OF NORMAL FEEDWATER; PRESSURIZER PRESSURE

(OFFSITE POWER AVAILABLE)
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Figure 14.2-78
LOSS OF NORMAL FEEDWATER; PRESSURIZER WATER VOLUME

(OFFSITE POWER AVAILABLE)
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Figure 14.2-79
LOSS OF NORMAL FEEDWATER; RCS LOOP TEMPERATURE
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Figure 14.2-80
LOSS OF NORMAL FEEDWATER; CORE INLET FLOW

(OFFSITE POWER AVAILABLE)
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Figure 14.2-82
EJECTION ANGLES FOR LP MISSILES
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14.3 STANDBY SAFEGUARDS ANALYSIS

14.3.1 Steam Generator Tube Rupture

14.3.1.1 Identification of Causes and Description of Accident

The accident examined is the complete severance of single steam generator tube near the
top of the tube bundle. It is assumed that the accident takes place at full power and while the
reactor coolant is contaminated with the maximum concentrations allowable by the Technical
Specifications, including the effects of pre-accident iodine spiking. The accident leads to the
contamination of the secondary side due to the leakage of radioactive coolant from the Reactor
Coolant System and, in the event of a coincidental loss of offsite power, a discharge of activity to
the atmosphere through the steam generator safety valve and/or power operated relief valves. The
analysis presented here conservatively assumes a single power operated relief valve on the header
closest to the ruptured generator sticks open following reactor trip.

The steam generator tube material is Inconel 600, and, as the material is highly ductile, it is
considered that the complete severance of a tube is extremely conservative. Surry Unit 1 and 2
steam generator tube bundles were replaced in 1979 and 1980, respectively, and operating
experience since then has been extremely good.

The more probable mode of tube failure would be one or more minor leaks of undetermined
origin. Activity in the Steam and Power Conversion System is subject to continual surveillance,
and primary to secondary leakage during unit operation is limited to a value that is much lower
than that associated with a full tube rupture. For RCS leaks in excess of 50 gpm with indications
of secondary activity, the reactor is tripped, and an abnormal procedure for large steam generator
tube leak is implemented which directs the operator to (a) identify and isolate secondary release
paths from the ruptured generator, (SG PORVs, steam flow to the turbine driven AFW pump,
etc.), (b) align the condenser air ejector discharge to containment and (c) commence unit
cooldown.

Once the operator has determined a tube rupture has occurred, his first priority is to identify
and isolate the affected steam generator as soon as possible in order to minimize the
contamination of the secondary system and ensure the termination of any activity discharge to the
atmosphere. The recovery procedure can be carried out on such a time scale as to ensure that
break flow to the secondary system is terminated before the water level in the affected steam
generator can rise into the main steam pipe. Sufficient indications and controls are provided to
enable the operator to perform these functions satisfactorily. Training on the tube rupture accident
is a significant emphasis of the licensed operator requalification program.
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The following sequence of events is initiated by a tube rupture:

1. Pressurizer low pressure and low-level alarms are actuated, and, before unit trip, charging
pump flow increases in an attempt to maintain the pressurizer level. On the secondary side
there is a steam flow-feedwater flow mismatch before the trip as feedwater flow to the
affected steam generator is reduced owing to the additional break flow that is now being
supplied to that steam generator.

2. The loss of reactor coolant inventory leads to falling pressure and level in the pressurizer, and
eventually a reactor trip signal is generated by overtemperature ΔT or low pressurizer
pressure. Automatic unit cooldown following a reactor trip leads to a rapid change of
pressurizer level, and the safety injection signal, initiated by low pressurizer pressure,
follows soon after the reactor trip. The safety injection signal automatically terminates the
normal feedwater supply and initiates the addition of auxiliary feedwater.

3. The steam generator blowdown liquid monitor and the air ejector radiation monitor alarm,
indicating the passage of reactor coolant into the secondary system. The air ejector radiation
monitor high alarm causes the air ejector exhaust from the condenser to be discharged to the
containment, thereby terminating any direct atmospheric release.

4. The unit trip automatically shuts off the steam supply to the turbine and, if outside power is
available, the condenser bypass valves open to permit steam dump to the condenser. In the
event of a coincidental station blackout, and loss of condenser vacuum, the condenser bypass
valves would automatically close to protect the condenser. The steam generator pressure
would rapidly increase and discharge steam to the atmosphere through the steam generator
safety valves and/or power-operated relief valves.

5. Following a unit trip, the continued auxiliary feedwater supply and borated safety injection
flow (supplied from the refueling water storage tank) provide a heat sink that eventually
absorbs decay heat. Thus, steam bypass to the condenser, or, in the case of the loss of
condenser vacuum, steam relief to the atmosphere, is discontinued on a time scale that is
dependent on the exact amount of emergency equipment (safety injection pumps and
auxiliary feedwater pumps) operating.

6. Safety injection flow results in an increasing pressurizer water level. The time after trip at
which the operator can clearly see the returning level in the pressurizer is also dependent on
the amount of operating auxiliary equipment.
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14.3.1.2 Method of Analysis and Description of the Accident

A. Thermal-Hydraulic Analysis (Loss of Offsite Power Case)

The thermal hydraulic portion of the tube rupture accident is simulated with the Virginia
Power RETRAN model (Reference 12). Key analysis assumptions were as follows:

1) A double ended tube rupture was modeled. Break flow was calculated by explicitly
modeling friction losses in both segments of the ruptured steam generator tube and
unchoked flow at the rupture site. This model overpredicts the actual break flows
observed in the 1987 North Anna Unit 1 steam generator tube rupture. The resultant
decrease in RCS pressure eventually reduces the overtemperature ΔT trip setpoint to
the full power value resulting in a reactor and turbine trip.

2) Following reactor trip on overtemperature ΔT, the condenser dumps are assumed
unavailable, and the secondary side pressurizes to steam generator power operated
relief valve (PORV) setpoint following turbine trip.

3) The PORV on the main steam header nearest the ruptured generator is assumed to
remain fully open from the time of PORV actuation until 30 minutes after event
initiation. Thus, atmospheric releases are assumed over this interval. For the normal
case of condensers available, a high air ejector radiation signal diverts the air ejector
exhaust to containment. Following safety injection, this exhaust path is also isolated.
When offsite power and the condenser are available, the volatile species undergo two
stages of partitioning (i.e., in the steam generator and the condenser) prior to being
released to the atmosphere. Loss of offsite power results in loss of the condenser and in
coastdown of the reactor coolant pumps, which increases the break fluid flashing
fraction. Flashed break flow is a major contributor to the release of radioisotopes, as
discussed in Section 14.3.1.4. Thus, the case of loss of offsite power is the limiting
case from the standpoint of site boundary dose, and the analysis for this case assumes
loss of the condenser and coastdown of the reactor coolant pumps after reactor trip.

4) After reactor and turbine trip, the Reactor Coolant System continues to depressurize to
the safety injection setpoint. Two high head safety injection pumps are assumed to
operate. The Reactor Coolant System pressure stabilizes at the point where break flow
and safety injection flow are essentially equal.

B. Thermal-Hydraulic Analysis—Control Room Dose (Offsite Power Available) Case

The thermal/hydraulic analysis performed to support the calculation of control room dose
is similar to that presented above. However, the calculated control room dose is more
limiting under the assumption of offsite power continuing to remain available. Continued
availability of offsite power would result in a potentially larger forced intake of unfiltered
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air from the normal control room air inlets prior to control room isolation than the case of
concurrent loss of offsite power.

Therefore, the thermal/hydraulic analysis used to develop the control room calculation
assumes continued operation of the reactor coolant pumps after reactor trip. However, no
credit is taken for operation of the condenser dumps. As with the previous case, releases
are assumed to be via a stuck open PORV on the main steam header leading from the
ruptured generator.

14.3.1.3 Results

The thermal hydraulic results are shown in Figures 14.3-1 through 14.3-7 for the loss of
offsite power case:

Figure 14.3-1—RCS Average Temperature: Following the rupture, RCS temperature is
relatively stable until the unit trips on overtemperature ΔT at 73.9 seconds. The turbine stop
valves are assumed to close within the next 2 seconds. Temperature continues to decrease in
response to addition of cold safety injection water (safety injection occurs in response to low
pressurizer pressure at 289 seconds) and the release of steam through the stuck open PORV (the
PORV opens at 88.1 seconds). In actual operating practice, additional cooldown would be
imposed by the operators as directed by the emergency procedures to support primary side
depressurization to reduce the break flow (assuming the affected SG’s PORV was manually
isolated).

Figure 14.3-2—Reactor Normalized Power: As discussed above, reactor trip is on
overtemperature ΔT at 73.9 seconds.

Figure 14.3-3—Ruptured Loop Steam Pressure: After the reactor and turbine trip, pressure
in the steam generator initially increases. The expected response would be an increase followed
by stabilization at the no-load pressure of about 1005 psig, but since the analysis assumes a steam
generator PORV sticks open, there is a gradual depressurization.

Figure 14.3-4—Pressurizer Pressure: The initial drop in pressurizer pressure results from
excess of tube rupture flow over the charging flow. The pressurizer level controller, which would
increase charging flow and tend to retard this initial depressurization, is not modeled.
Immediately following reactor trip, the depressurization rate is accelerated. Safety injection is
initiated on low pressurizer pressure, the depressurization drops significantly as a result.

Figure 14.3-5—Flow Through the Stuck Open PORV: This represents the primary potential
source of radioactivity transport to the environment if the condenser steam dumps are not
available.

Figure 14.3-6—Break Flow: The initial break flow through the two ends of the ruptured
steam generator tube is about 80 lbm/sec or approximately 800 gpm. The flow drops off quickly
in response to the RCS depressurization until safety injection is initiated. Then the flow stabilizes,
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as equilibrium between the break flow and safety injection is established, at about 550 gpm. The
slight increasing trend in mass flow beyond this point is a result of increased fluid density due to
the RCS cooldown.

Figure 14.3-7—Integrated Break Flow: At one-half hour after initiation of the event,
approximately 111,500 lbm of fluid has been transferred from the RCS to the secondary side of
the ruptured steam generator.

14.3.1.4 Environmental Consequences of Steam Generator Tube Rupture (SGTR)

A steam generator tube rupture (SGTR) is a break in a tube carrying primary coolant
through the steam generator. This postulated break allows primary liquid to leak to the secondary
side of the steam generator with an assumed release to the environment through the steam
generator Power Operated Relief Valves (PORVs) or the steam generator safety valves. Steam is
assumed to be discharged from the affected generator to the environment until the generator is
isolated at 30 minutes. The SGTR analysis used the alternative source term and followed the
guidance of Regulatory Guide 1.183. Consistent with Regulatory Guide 1.183 the analysis
assumed both a pre-accident iodine spike and a concurrent iodine spike.

14.3.1.4.1 SGTR Analysis Assumptions

It has been determined that tube bundle uncovery can affect doses from a Steam Generator
Tube Rupture (SGTR). SGTR dose calculations follow the Westinghouse Owners Group (WOG)
developed methodology (Reference 39) for this analysis. This methodology of dose calculations
consists of four components:

1. Releases from secondary liquid boiling including allowance for a partition factor of 0.01 for
iodine between secondary liquid and steam.

2. Releases from the fraction of primary liquid break flow that flashes to steam. A partition
factor of 1 is assumed for this flashing fraction.

3. Releases from primary liquid bypassing the secondary side.

4. Releases caused by secondary moisture carryover.

As shown in Reference 39, releases from a SGTR are dominated by the first two terms
above for a case with a stuck open PORV. A stuck open PORV also produces a larger radionuclide
release than a cycling PORV or a PORV that fails closed, and causes the steam generator safety
valves to open to relieve secondary side pressure. The LOCADOSE computer model for the
SGTR analysis includes terms 1, 2, and 4 discussed above.

Uncovery of the tube bundle in a SGTR does not significantly increase radionuclide
releases for the stuck open PORV case. If the tube bundle is uncovered in a SGTR and the PORV
is stuck open, the third release term described above increases, but it is still only a small part of
the total release.
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14.3.1.4.2 Initial Radioisotope Concentrations

The analyses of the SGTR accidents indicate that no additional fuel rod failures occur as a
result of this transient. Thus, radioactive material releases are determined by the radionuclide
concentrations initially present in primary liquid, secondary liquid and secondary steam, plus any
releases from fuel rods that have failed before the transient. The analyses considered both
pre-accident iodine spike cases and concurrent iodine spike cases. The discussion regarding the
determination of the pre-accident and concurrent iodine spikes found in Section 14.3.2.4.2 is
applicable to the SGTR as well as the main steam line break. The radionuclide inventories and
concentrations for the concurrent and pre-accident iodine spike cases are shown in Tables 14.3-10
and 14.3-11, respectively.

14.3.1.4.3 Determination of χ/Q Values

The exclusion area boundary (EAB) and low population zone (LPZ) χ/Q values given in
Table 14.3-13 were determined based on Regulatory Guide 1.145 methodology using
meteorological data from 1994 to 1998.

During a SGTR with loss of offsite power, or the condenser otherwise unavailable, the
steam generators release steam through the secondary system PORVs. The control room χ/Q
values for releases from the steam generator PORVs to the control room emergency air inlet are
given in Table 14.3-13. The limiting case for control room dose assumes loss of the main
condenser; however, offsite power is assumed to remain available to power the normal control
room ventilation fans.

The distance from the closest PORV to the control room normal air inlet is shorter than the
distance to the emergency inlet, so a different χ/Q value is applicable for releases when the
normal control room ventilation system is in use. Based on the Reference 34 methodology, the
control room χ/Q for the normal inlet was determined to be 7.71 × 10-3 sec/m3. This χ/Q is only
used for the short time (247 seconds) before the control room is isolated from the normal inlet air
by a SI signal. The χ/Q value (7.71 × 10-3 sec/m3) is only used in the SGTR analysis and is not
included in Table 14.3-13.

14.3.1.4.4 Steam Generator Tube Rupture LOCADOSE Models

The LOCADOSE computer code system (References 29 through 31) with Federal
Guidance Report 11 and 12 dose conversion factors (References 7 & 41) was used to model the
SGTR. Models were developed for both a pre-accident iodine spike case and a concurrent iodine
spike case. The two models are identical except for the initial radioisotope inventories and the
inclusion of modeling of an iodine release from the fuel rods for eight hours for the concurrent
iodine spike case.

The primary system, steam generator, and control room volumes for the SGTR are given in
Table 14.3-12. The release of the radionuclides in the steam from the unaffected steam generators
was modeled as essentially a puff release occurring when the PORVs open. The affected steam
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generator release was modeled using numerical integration over the time period of release
(30 minutes).

The primary coolant leakage to the unaffected steam generators was based on the maximum
leakage allowed by Technical Specifications. The maximum leakage allowed from all three
generators in Surry Technical Specification 3.1.C.6 is 1 gpm.

For conservatism, all of this leakage was assumed to occur into the two unaffected steam
generators. This assumption is conservative because the unaffected generators release steam to the
environment for 8 hours compared to 30 minutes for the affected generator.

The break flow rates through the ruptured tube to the affected steam generator were based
on the thermal hydraulic analysis of a complete double-ended tube rupture. To be consistent with
the guidance in Regulatory Guide 1.183 (Reference 32), the liquid and steam break flows are
modeled separately. The break flow rates and release rates to the environment are summarized in
Tables 14.3-7 and 14.3-8 for the cases with and without continued availability of offsite power
(used for the control room and site boundary dose calculations, respectively).

The liquid break flow through the primary system is modeled as mixing with the secondary
liquid in the affected steam generator. The flow from the secondary liquid to the secondary steam
is then modeled assuming a partition factor of 0.01 for iodine and moisture carryover of 1% for
particulates. The fraction of the break flow that flashes to steam is modeled as being transferred to
the affected steam generator steam space with no credit for scrubbing by the steam generator
liquid, i.e., equivalent to tube uncovery. Once in the steam generator steam space, the
radionuclides in this part of the break are almost immediately released to the environment. This
technique for modeling a SGTR with uncovery of the tube bundle was developed in a generic
study by the Westinghouse Owners Group (Reference 39).

The primary and secondary system releases are replaced with safety injection and auxiliary
feedwater flows. Therefore, the volume of the primary and secondary liquids remains relatively
constant during this transient.

The radionuclide inventory in the steam generators is modeled based on the initial
inventory, the primary to secondary leakage, and the break flow rates and release rates to the
environment that are discussed above. Flow through the condenser was not modeled because it
was unavailable for the loss of offsite power case and because modeling the condenser reduces
dose consequences.

The model for the control room ventilation system for the SGTR is set up to accurately
model the timing of the sequence of events of the SGTR accident. The start of the accident is the
tube rupture itself. The PORV on the faulted steam generator was determined to open 88 seconds
after the break, and the SI signal is generated at 247 seconds for the case assuming continued
availability of offsite power. The timing of these events was extracted from the thermal-hydraulic
analysis. During this time, the control room is being supplied via the normal ventilation system,
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with a 3000 cfm intake air flow rate. The control room isolates automatically on initiation of the
SI signal and is then assumed to be on bottled air until 1.0 hour after the tube rupture. From
1.0 hour until the end of the accident, the control room is provided with a filtered air supply of
1000 cfm. An unfiltered inleakage of 500 cfm was assumed for the entire time the control room is
isolated. The control room intake filter efficiency assumed was 90% and 70% for elemental and
organic iodine, respectively. All other non-noble gas isotopes modeled were filtered at 99%
efficiency.

14.3.1.4.5 Results of Dose Calculations for SGTR

Both pre-accident and concurrent iodine spike cases were analyzed for the steam generator
tube rupture. The limiting case for the control room dose was determined to be a pre-accident
iodine spike with continued availability of offsite power. This dose is shown in Table 14.3-9 and
corresponds to 10 cfm of unfiltered control room inleakage. For 500 cfm of unfiltered control
room inleakage the calculated dose actually goes down slightly. This result is attributed to the
decreased average residence time for radionuclides in the control room with the higher inleakage.

Table 14.3-9 also shows a comparison of the doses calculated for the limiting SGTR
accident scenario with the GDC-19 criteria. All calculated control room doses for the Surry steam
generator tube rupture remain below the GDC-19 criteria.

The limiting case for the EAB and LPZ was determined to be a concurrent iodine spike with
loss of offsite power. The EAB and LPZ doses shown in Table 14.3-9 are less than the Regulatory
Guide 1.183 limits for concurrent iodine spike cases.

14.3.1.5 Recovery Procedure

The immediately apparent symptoms of a tube rupture accident, such as falling pressurizer
pressure and level and increased charging pump flow, can also be symptoms of small steam-line
breaks and loss-of-coolant accidents. It is therefore important that the operator determine that the
accident is the rupture of a steam generator tube in order to carry out the correct recovery
procedure. This accident is uniquely identified by a condenser air ejector radiation alarm or a
steam generator blowdown radiation alarm, and the operator does not proceed with the following
recovery procedure unless these alarms are observed. In the event of a relatively large rupture,
such as that analyzed above and shown in Figures 14.3-1 to 14.3-6, it is clear soon after the trip
that the level in one steam generator is rising more rapidly than those in the others. This indication
is used in identifying the affected steam generator.

The analysis described above takes no credit for operator action for the first 30 minutes. In
an actual event, within 30 minutes the operators would be expected to achieve the following:

1. Ensure that power is available to the emergency buses and that safety injection and auxiliary
feedwater are actuated. Verify that main feedwater is isolated.
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2. Control the reactor system cooldown to maintain no-load temperature. Stop the reactor
coolant pumps if safety injection flow to the core is indicated and the minimum required
RCS subcooling is not maintained.

3. If not already completed, identify the ruptured steam generator by rising water level or high
steam line radiation indications and isolate flow from this steam generator. Adjust auxiliary
feedwater flow to maintain the specified water levels in the affected and intact steam
generators.

Completion of these steps terminates the release of radioisotopes. For the analysis case
discussed above, following termination of flow from the stuck PORV in the ruptured generator,
more than 15 additional minutes would elapse prior to repressurizing the steam generator to the
nominal PORV relief setpoint (Reference 40), assuming no additional operator actions. In
practice, upon completion of identification and isolation of the ruptured generator, the following
additional actions are performed:

1. Initiate RCS cooldown through the intact steam generators by dumping steam to the main
condenser or through the steamline PORV (depending on the availability of offsite power).
Following a loss of offsite power, the steam generator PORVs can not be operated remotely
from the main control room because the control circuits are powered from a semi-vital
source. However, a backup bottled air system has been provided so that the SG PORVs can
be operated from within the Containment Spray Pump House.

2. Depressurize the RCS to minimize break flow and refill the pressurizer using the pressurizer
spray or the pressurizer PORVs. Maintain the RCS pressure within the pressure-temperature
limit curve for the Reactor Coolant System.

3. Terminate safety injection flow upon meeting the SI termination criteria.

4. Establish normal letdown and charging functions and control RCS pressure to minimize
primary-to-secondary leakage.

5. Initiate appropriate post-SGTR cooldown procedures.

These additional actions limit the potential for any additional releases from the affected
generator following the isolation step.

The generic analyses of Reference 40 show that the stuck PORV case yields higher releases
than the case where the PORV on the affected generator cycles normally. For cases where less
than a full double-ended tube rupture occurs, it may take the operator longer to perform the RCS
depressurization step. However, for this case, the break flow rate will also be lower. Therefore,
although in specific event scenarios some limited additional relief from cycling of the affected
generator’s PORV might occur beyond 30 minutes, the analysis cases presented here are bounding
in terms of total integrated release and therefore radiological consequences. Based on observation
of the relative releases cited for the stuck PORV, cycling PORV and cycling main steam safety
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valves in Section 9 of Reference 40, the stuck PORV analysis presented here bounds the
following scenarios:

1. SGTR with the ruptured SG’s PORV cycling at its nominal setpoint; releases terminated at
approximately 37 minutes.

2. SGTR with the ruptured SG PORV isolated and the associated main steam safety valve(s)
cycling at the nominal setpoint. Releases terminated well beyond 1 hour.

3. Any case above with a break area corresponding to less than a double-ended tube rupture
(initial break flow rate of 800 gpm).

14.3.2 Rupture of a Main Steam Pipe

A rupture of a main steam pipe (the pipes that carry steam from the steam generators to the
main turbine) is assumed to include any accident that results in an uncontrolled steam release
from a steam generator. The release can occur as a result of either a break in a pipe line or a valve
malfunction. The steam release results in an initial increase in steam flow, which decreases during
the accident as the steam pressure falls. The energy removal from the reactor coolant system
causes a reduction of reactor coolant temperature and pressure. With a negative moderator
temperature coefficient, the cooldown results in a reduction of the core shutdown margin. If the
most reactive control-rod assembly is stuck in its fully withdrawn position, there is a possibility
that the core will become critical and return to power, even with the remaining control-rod
assemblies inserted. A return to power following a main steam pipe rupture is a potential problem
mainly because of the high hot-channel factors that exist when the most reactive rod is stuck in its
fully withdrawn position. Assuming the worst combination of circumstances that could lead to the
resumption of power generation following a main steam line break, the core is ultimately shut
down by the boric acid in the safety injection system.

The analysis of a main steam pipe rupture is performed to demonstrate that:

1. Assuming a stuck control-rod assembly with or without offsite power, and assuming a single
failure in the engineered safety features, there is no consequential damage to the primary
system and the core remains in place and intact.

2. There will be no DNB or clad perforation resulting from any single active failure in the main
steam system. The single active failure is the opening, with failure to close, of the largest of
any single steam bypass, relief, or safety valve.

3. Energy release to containment from the worst steam pipe break does not cause failure of the
containment structure.

Although DNB and possible clad perforation following a steam pipe rupture are not
necessarily unacceptable, the following analysis shows that no DNB occurs for any rupture, even
in the event that the most reactive control-rod assembly is stuck in its fully withdrawn position.
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The following systems provide the necessary protection against a main steam pipe rupture:

1. Safety injection system actuation by any of the following (see Chapter 7 for logic details):

a. Two out of three pressurizer low pressure signals.

b. Two out of three differential pressure signals between any main steam line and the main
steam header.

c. High steam flow in two out of three main steam lines (one out of two per line) in
coincidence with either low reactor coolant system average temperature (two out of three)
or low main steam line pressure (two out of three).

d. Three out of four high containment pressure signals.

e. Manual intervention.

2. The overpower reactor trips (neutron flux and delta T) and the reactor trip occurring upon
actuation of the safety injection system.

3. Redundant isolation of the steam generator feedwater lines. Sustained high feedwater flow
would cause additional cooldown; thus, in addition to the normal control action that closes
the main feedwater valves, any safety injection signal rapidly closes all feedwater control
valves, trips the steam generator feedwater pumps, and closes the feedwater pump discharge
valves.

The feedwater isolation function is primarily accomplished by safety grade feedwater control
valves and feedwater control valve bypass valves. The feedwater isolation design does not
include safety grade back-up isolation capability. However, the automatic trip of the main
feedwater pumps and closure of the feedwater pump isolation valves accomplishes the
back-up feedwater isolation function. The reliance upon commercial grade isolation
equipment as back-up feedwater isolation has been accepted as a generic industry position as
documented in NUREG-0138. The failure of a feedwater control valve or bypass valve to
close upon a feedwater isolation signal has been evaluated and shown to be bounded by the
assumptions in the limiting analysis described in this section.

4. The trip of the fast-acting main steam line trip valves (designed to close within 10 seconds
from the time the process variable reaches the trip setpoint) on:

a. High steam flow in two out of three main steam pipes (one out of two per line) in
coincidence with either low reactor coolant system average temperature (two out of three)
or low steam line pressure (two out of three).

b. Three out of four high containment pressure signals.

Each main steam line has a fast-closing trip valve and a nonreturn valve. These six valves
prevent the blowdown of more than one steam generator for any break location in a main steam
pipe, even if one valve fails to close. For example, for a break upstream from the trip valve in one
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line, the closure of either the nonreturn valve in that line or the trip valves in the other lines
prevents the blowdown of the other steam generators.

All Surry steam generators are equipped with integral flow restrictors at the generator
outlet. The restrictors have a smaller flow area than the main pipe and serve to reduce the largest
effective break area which must be considered to 1.4 ft2.

A special case of this event is a main steam line break in the main steam valve house
(outside containment). The transient is described in Section 14B.6.

14.3.2.1 Method of Analysis

The analysis of the main steam pipe rupture has been performed to determine:

1. The core heat flux and reactor coolant system temperature and pressure resulting from the
cooldown following the steam-line break. The analysis was performed with the RETRAN
(Reference 12) computer code. The calculation describes the plant neutron kinetics, the
reactor coolant system including natural circulation, the pressurizer, steam generators and
feedwater system. The digital program computes pertinent variables including the break flow
rate, core power and point kinetics reactivity and primary coolant temperatures.

2. The thermal and hydraulic behavior of the core following a steam-line break. A detailed
COBRA (Reference 11) thermal and hydraulic digital computer calculation has been used to
determine if DNB occurs for the core conditions computed in 1 above. This calculation
solves the continuity, momentum, and energy equations of fluid flow in the core, and, with
the Westinghouse W-3 Correlation (Reference 2) determines the DNB margin.

The following assumptions were made:

1. A 1.77% delta k/k shutdown reactivity from all but one control rod assembly at no-load
conditions. This is the end-of-life design value, including design margins for the case in
which the most reactive control-rod assembly is stuck in its fully withdrawn position. The
actual shutdown capability is expected to be significantly greater.

2. The negative moderator coefficient corresponding to the end-of-life core with all but the most
reactive control-rod assembly inserted. The variation of the coefficient with temperature has
been included. In computing the power generation following a steam-line break, the local
reactivity feedback from the high neutron flux in the region of the core near the stuck
control-rod assembly has been included in the overall reactivity balance. The local reactivity
feedback is composed of Doppler reactivity from the high fuel temperatures near the stuck
control-rod assembly and moderator feed back from the high water temperature near the
stuck control-rod assembly. The Doppler reactivity feedback corresponds to a most negative
hot zero power Doppler temperature coefficeint. For the cases in which steam generation
occurs in the high flux regions of the core, the effect of void formation on the reactivity has
also been included. The effect of power generation in the core on overall reactivity is shown
in Figure 14.3-8. The curve assumes end-of-life core conditions with all control-rod
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assemblies in except the most reactive control-rod assembly, which is assumed to be stuck in
its fully withdrawn position (completely removed from the core).

3. Minimum safety injection capability corresponding to the operation of only one high head
safety injection pump. The most restrictive single failure corresponds to the flow delivered by
one charging pump delivering its full flow to the cold leg header. A boron concentration of
2300 ppm was assumed in the Refueling Water Storage Tank (RWST), from which the safety
injection pumps take suction. Boron enters the safety injection system after the charging
pump suction switches over from the volume control tank to the refueling water storage tank
upon safety injection actuation.

The assumed single failure for the steamline break analysis is the failure of one safeguards
train to function, thus maximizing the delay time for boron to reach the core. Other failures
that could affect the severity of the transient are bounded by the failure of a safeguards train.

The initial boron concentration in the Boron Injection Tank (BIT) and the associated safety
injection piping is assumed to be zero. The time delays incurred prior to the delivery of the
2300 ppm boron have been included in the analysis. These time delays are conservatively
based on the SI system design which included a 900-gallon boron injection tank (BIT). The
BIT has been subsequently removed from the SI system on both units (Reference 4). An
evaluation of this change against the criteria of 10 CFR 50.59 showed that the main effect of
removing the BIT was to significantly reduce the time delay required to sweep unborated
water from the SI piping following a safety injection signal, which would be a benefit from a
safety analysis standpoint. Thus, the steamline break analyses based on a BIT at 0 ppm are
conservative and bound the current condition with the BIT removed.

4. Hot-channel factors corresponding to one stuck control-rod assembly, i.e. the control-rod
assembly giving the highest factor at the end of life. The hot-channel factors account for the
void existing in the locality of the stuck control-rod assembly at the pressure that occurs
during the return-to-power phase following the steam break. This void, in conjunction with
the large negative moderator coefficient, partially offsets the effect of the stuck control-rod
assembly. The hot-channel factors depend on the core temperature, pressure, and flow, and
are therefore different for each case studied. The calculations used to obtain the hot-channel
factors again assume end-of-life core conditions with all control-rod assemblies in except the
most reactive control-rod assembly.

5. Three combinations of break sizes and initial unit conditions were considered in determining
the core power and reactor coolant system transient:

Case A. The complete severance of a main steam pipe, initially at no load conditions with
offsite power available. The presence of the integral flow restrictors in the steam
generators will control the steam release rates for all break locations, both inside
and outside the containment.

Case B. Case A above with loss of offsite power immediately before the steam break.



Revision 39—09/27/07 SPS UFSAR 14.3-14
 

Case C. A break larger than or equal to the capacity of any single steam dump or safety
valve from one steam generator with offiste power available (credible break).

All the cases above assume initial hot-shutdown conditions with the control-rod assemblies
inserted (except for one stuck control-rod assembly) at time zero. Should the reactor be just
critical or operating at power at the time of a main steam line break, the reactor is tripped by the
normal overpower protection system when the power level reaches a trip point or by the safety
injection signal from the steamline break protection functions. Following a trip at power, the
reactor coolant system contains more stored energy than at no load, the average coolant
temperature is higher than at no load, and there is appreciable energy stored in the fuel. Thus, the
additional stored energy is removed via the cooldown caused by the main steam line break before
the no-load conditions of reactor coolant system temperature and shutdown margin assumed in
the analyses are reached. After the additional stored energy has been removed, the cooldown and
reactivity insertions proceed in the same manner as in the analysis that assumes a no-load
condition at time zero. However, since the initial steam generator mass is greatest at no load, the
magnitude and duration of the reactor coolant system cooldown are less for main steam line
breaks occurring at power.

1. In determination of the critical flux at which burnout could occur, the W-3 Correlation was
used. This was considered to be the correlation that most accurately represented the range of
parameters produced in the transients analyzed.

2. In computing the steam flow during a steam-line break, the Moody Critical Flow Model
(Reference 3) was used.

14.3.2.2 Results

The results presented are a conservative indication of the events that would occur assuming
a main steam line rupture, since it is postulated that all of the conditions above occur
simultaneously.

14.3.2.2.1 Core Power and Reactor Coolant System Transient

Figures 14.3-9 through 14.3-13 show the reactor coolant system transient and core heat flux
following a main steam pipe rupture (complete severance of a pipe) at initial no-load conditions
(Case A). The break assumed is the largest break that can occur anywhere in the system. Offsite
power is assumed available such that full reactor coolant flow exists. The transient shown assumes
that the control-rod assemblies are inserted at time 0 (with one control-rod assembly stuck in its
fully withdrawn position) and steam is released from only one steam generator after closure of the
steamline trip valves. Should the core be critical at near zero power when the rupture occurs, the
initiation of safety injection by high differential pressure between any steam generator and the
main steam header or by high steam flow signals in coincidence with either low reactor coolant
system temperature or low steam-line pressure. The current bounding main steam line break
analysis assumes a 5-second delay from the time the measured process variables (e.g., steam line
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flow, steam line pressure) reach the main steam line setpoints to the initiation of main steam trip
valve motion, followed by an additional 5-second ramp closure of the valves.

The acceptance criteria for a satisfactorily full closure test of a trip valve is defined in the
Basis of Technical Specification 4.7-2 (Reference 26). With the high flow existing during a main
steam line rupture, the valves will close considerably faster since their closure is flow assisted.

Tables 14.3-1 through 14.3-3 outline the sequence of events and Tables 14.3-4 and 14.3-5
the transient statepoint parameters for the three main steamline break cases. Figures 14.3-9
through 14.3-23 plot the transient results for several key parameters in the offsite power case, loss
of offsite power case, and credible break case, respectively.

As shown in Figure 14.3-9 through 14.3-13, the core attains criticality with the control-rod
assemblies inserted (with the design shutdown, assuming one stuck control-rod assembly) before
boron solution enters the reactor coolant system from the safety injection system. The delay time
consists of the time to receive and actuate the safety injection signal and the time to completely
open or realign valve trains in the safety injection lines. The safety injection pumps are then ready
to deliver flow. At this stage a further delay time is incurred before boron solution can be injected
to the reactor coolant system, due to 0% boron concentration water being swept from the safety
injection lines. No credit was taken for any boron in the safety injection lines entering the reactor
coolant system prior to the 2300 ppm boric acid from the refueling storage tank. The case attains
a peak core power well below the nominal full power value.

The calculation assumes the boric acid is mixed with and diluted by the water flowing in the
reactor coolant system before entering the reactor core. The concentration after mixing depends
on the relative flow rates in the reactor coolant system and in the safety injection system. The
variation of mass flow rate in the reactor coolant system due to water density changes is included
in the calculation, as is the variation of flow rate in the safety injection system due to changes in
the reactor coolant system pressure. The safety injection system flow calculation includes the line
losses in the system as well as the pump head curve.

Figures 14.3-14 through 14.3-18 show the responses of the core parameters for Case B,
which corresponds to the case discussed above with loss of offsite power at the time the main
steamline break occurs. The safety injection system delay time includes 10 seconds to start the
diesel and 10 seconds for the safety injection pump to reach full speed. Criticality is reached later
in the transient and the core power increase is slower than in the similar case with offsite power
available. The ability of the emptying steam generator to extract heat from the reactor coolant
system is reduced by the decreased flow in the reactor coolant system. The peak core power
remains well below the nominal full power value.

It should be noted that, following a main steam-line break, only one steam generator blows
down completely. Thus, two steam generators are still available for the dissipation of decay heat
after the initial transient is over. In the case of loss of offsite power, this heat is removed to the
atmosphere, the atmospheric safety valves having been sized to cover this condition.



Revision 39—09/27/07 SPS UFSAR 14.3-16
 

Figures 14.3-19 through 14.3-23 show the responses of the core parameters resulting from a
steam release with an initial steam flow typical of the capacity of any single steam dump or safety
valve. In this case, safety injection is initiated automatically by low pressurizer pressure. The
limited cooldown resulting from the stuck open valve results in the transient reaching criticality
much later in the transient than in the other cases. Sufficient negative reactivity remains to limit
the peak heat flux to approximately 7% of the rated power. With the reactor coolant pumps still
providing full flow, the case is bounded in terms of minimum DNBR by the offsite power case in
Case A, severance of a main steam pipe.

The evaluation of Reference 5 demonstrates that even with 0 ppm boron in the BIT, the
containment design bases are met for steam line break. As discussed previously, removal of the
BIT provides an analysis benefit with respect to the case of 0 ppm in the BIT, by reducing the time
delay for introducing borated water to the core. This reduced time delay will result in a more rapid
shutdown and, therefore, reduced mass and energy release to the containment.

14.3.2.3 Margin to Critical Heat Flux

Using the transients shown in Figures 14.3-9 through 14.3-23, the Westinghouse W-3
Correlation was used in conjunction with the Vepco version of the COBRA core thermal
hydraulics code to determine the margin to DNB. Carefully chosen points from each transient
were examined, and the results showed that all three cases have a minimum DNBR greater than
the minimum DNBR limit. The power and flow statepoint conditions are shown together with
pressure and inlet core temperature in Table 14.3-4 and 14.3-5.

14.3.2.4 Environmental Consequences of a Main Steam-Line Break (MSLB)

A Main Steam Line Break (MSLB) involves the postulated double ended failure of one of
the steam lines carrying steam from a steam generator to the turbine generator. Two cases have to
be considered. Offsite doses are determined based on a case with minimal retention of
radionuclides in the turbine building. The control room dose analysis assumes that the MSLB
occurs in the turbine building, where the control room emergency air inlet is located, and that the
turbine ventilation fans fail to operate. The MSLB analysis used the alternative source term and
followed the guidance of Regulatory Guide 1.183.

Because the MSLB releases are assumed to occur in the turbine building, the normal χ/Q
methodology used for the control room does not apply. χ/Q is used to determine the concentration
of a radioisotope χ in Ci/m3 from the release rate Q in Ci/sec. The control room χ/Q is normally
determined with the methodology of Reference 34 based on the distance between release and
receptor points and site meteorology. Depending on the type of release, building wake effects may
also be considered. For the MSLB, the releases occur in the same building as the control room
emergency inlet, so the Murphy and Campe χ/Q methodology does not apply. Therefore, the
direct pathway from the steam line break to the turbine building was modeled along with the
intake of control room air from the turbine building.



Revision 39—09/27/07 SPS UFSAR 14.3-17
 

14.3.2.4.1 MSLB Analysis Assumptions

There is no control room χ/Q defined for a situation when the releases are into the same
building where the inlet to the control room is located. Therefore, for the MSLB it was necessary
to use a different approach to model the transport of radioactive steam releases from the broken
steam line to the control room. (Normal χ/Q methodology is applicable to the modeling of the
releases through the unaffected steam generators.)

The control room is normally modeled in the LOCADOSE computer code as a special
volume “connected” only to the environment, with the inlet concentrations based on releases to
the environment and the χ/Q for the control room. However, the control room radioisotope
concentrations can be calculated with LOCADOSE by defining one of the user specified volumes
as the control room and appropriately modeling the air flows, including the inlet air from the
turbine building, to this control room volume.

As a starting point for the MSLB analysis, the concentrations of each radioisotope in the
primary liquid, secondary liquid and secondary steam were determined. Radionuclides are
released with the steam from these sources through the break. These MSLB release rates are
shown in Table 14.3-14.

The flow rates used in this analysis considered the volume expansion that occurs when
pressurized liquid or steam is discharged from the steam generator to the turbine building. The
flow rate from the steam generator to the turbine building was based on the density of steam or
liquid inside the steam generator, while the flow rate from the turbine building to the environment
was based on the expansion of steam to atmospheric pressure inside the turbine building. This
MSLB model is summarized below.

14.3.2.4.2 Initial Radioisotope Concentrations

For the MSLB, the radioactive material releases are determined by the initial radionuclide
concentrations present in primary liquid, secondary liquid and secondary steam, plus any releases
from failed fuel rods. The amount of activity in the primary and secondary coolant at the initiation
of the MSLB is assumed to be the maximum levels allowed by the plant Technical Specifications.

Consistent with RG 1.183 (Reference 32), both a pre-accident iodine spike and a concurrent
iodine spike were considered for the MSLB. For Surry, the maximum iodine concentration
allowed in Surry Technical Specifications for an iodine spike is 10 µCi/g dose equivalent I-131.
RG 1.183 defines a concurrent iodine spike as an accident initiated increase in the release rate of
iodine from failed fuel rods to a value 500 times the release rate corresponding to the Technical
Specification dose equivalent iodine limit for normal operations. (For the SGTR accident, the
concurrent spike release rate of iodine from failed fuel rods is set to a value 335 times the release
rate corresponding to the Technical Specification dose equivalent iodine limit for normal
operations.) In addition to the Technical Specification dose equivalent iodine concentrations and
to bound the release rate expected during normal operations; the release rate was determined
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assuming hot full power conditions, a letdown flow rate of 120 gpm, a primary system leak rate of
11 gpm, and a letdown decontamination efficiency of 100%. The concurrent iodine spike term of
500 times the release rate is also known as the concurrent iodine spike appearance rate. A
concurrent iodine spike is more likely than a pre-accident spike since the pressure change caused
by an accident can increase iodine releases from failed fuel rods. A pre-accident iodine spike is
unlikely, since some independent event would have had to occur shortly before the accident to
cause the spike.

The primary liquid, secondary liquid and secondary steam radionuclide inventories, as well
as the concurrent accident iodine spike appearance rates, are given in Table 14.3-10 for the
concurrent accident case. The primary liquid, secondary liquid and secondary steam radionuclide
inventories are given in Table 14.3-11 for the pre-accident case. The secondary side activity levels
are initially the same (at the Technical Specification activity limit) for both cases. Only the
primary liquid activities differ. The concurrent iodine spike case assumes the primary coolant
activity is initially at the steady state activity limit of 1 µCi/g dose equivalent I-131, with iodine
added at the appearance rates shown in Table 14.3-10. The pre-accident spike case assumes the
primary liquid activity is initially at the short term Technical Specifications limit of 10 µCi/g dose
equivalent I-131. The spectrums assumed for the isotopic concentrations and iodine spike values
in Tables 14.3-10 and 14.3-11 are from the RCS 1% Failed Fuel iodine concentrations presented
in Table 9.1-4 and the Secondary Coolant Concentrations presented in Table 11A-9. These
spectrums are normalized to the Technical Specifications limits for primary and secondary liquid
dose equivalent I-131 using dose conversion factors from RG 1.109. Technical Specifications
allow the use of either RG 1.109 or TID-14844 dose conversion factors to determine dose
equivalent I-131. RG 1.109 dose conversion factors were used to determine the coolant activities
and iodine spike factors rather than TID-14844 dose conversion factors because use of RG 1.109
dose conversion factors results in higher allowable coolant activities and iodine spiking terms, and
therefore a more limiting analysis. These inventories and appearance rates were input to the
LOCADOSE code system to calculate doses from an MSLB. The volumes of the primary liquid,
secondary liquid and secondary steam used in this MSLB dose analysis are listed in
Table 14.3-12. The initial inventory of isotopes in the secondary side steam was modeled based on
the ratio of the primary to secondary leak rate and the normal steam flow to the condenser.

14.3.2.4.3 Determination of χ/Q Values

The EAB and LPZ atmospheric dispersion factors (χ/Q) are given in Table 14.3-13 and
were determined based on Regulatory Guide 1.145 methodology using meteorological data for
1994 to 1998.

The unaffected steam generators are assumed to release steam through the secondary
system steam relief valves. Based on the Reference 34 methodology, a diffuse source - point
receptor χ/Q can be used when the elevation difference between the point source (steam generator
relief valves) and point receptor (control room emergency air inlet) is more than 30% of the height
of the source building. The steam releases from the unaffected generators meet this criterion.
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Using the Murphy and Campe methodology, the control room χ/Q values shown in Table 14.3-13
were determined for releases from the unaffected generators.

14.3.2.4.4 Main Steam Line Break LOCADOSE Models

The LOCADOSE computer code system (References 29 through 31) with FGR 11 and
FGR 12 dose conversion factors (References 7 & 41) was used to model the MSLB. Two
LOCADOSE models were created, one for the pre-accident iodine spike and the other for the
concurrent accident spike.

The flow rates from the primary coolant to the steam generators prior to the start of the
accident were based on the maximum leak rates allowed by Technical Specifications. The
maximum leakage from one generator (500 gpd) is chosen to be into the generator affected by the
steam line break.

The affected steam generator was modeled as discharging through the turbine building,
while the other two generators were modeled as discharging directly to the environment. The flow
rates from the affected steam generator liquid to the turbine building and from the turbine building
to the environment are summarized in Table 14.3-14.

All of the iodine being released is conservatively assumed to be airborne. In practice, some
of the steam generator discharge would be as water, which would retain some of the iodine in the
liquid phase.

The mass release in thirty minutes (Table 14.3-14) is several times the initial mass of the
affected steam generator. Therefore, the volume released from the steam generator to the turbine
building was increased above the calculated values to ensure that substantially all of the
radionuclides initially present in the affected steam generator were released.

Because the affected steam generator is essentially emptied of liquid during the MSLB, no
partitioning of iodine between the liquid and steam is assumed for discharges from the affected
generator. A partition factor of 0.01 for the iodine isotopes and a moisture carryover of 1% for the
particulate isotopes were assumed for the unaffected generators. The flow rate from the turbine
building to the environment considered the expansion of the steam as the pressure is reduced to
atmospheric in the turbine building. In addition, because the turbine building is not a sealed
building, air flow through the building was considered. The building has a forced ventilation
system capable of approximately one volume exchange every six minutes.

However, this forced ventilation system would not function after a loss of offsite power.
One volume exchange per hour is a reasonable air flow rate for the turbine building without forced
ventilation. For conservatism, the control room doses were calculated assuming only a
0.2 volume/hour air flow rate. A forced ventilation of 12 volumes/hour was also evaluated to
provide a bounding case for offsite dose calculations.
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The control room was assumed to be on bottled air for the first hour of the accident, while a
filtered intake of 1000 cfm was modeled after the first hour. An unfiltered inleakage of 500 cfm
was again assumed for the full duration of the accident (0 to 30 days).

14.3.2.4.5 Results of Dose Analysis for MSLB

The control room, EAB and LPZ doses calculated for the MSLB are shown in
Table 14.3-15. The limiting accident scenario for the calculation of the doses was determined to
be a concurrent iodine spike case. The calculated control room dose from a MSLB is below the
GDC-19 criteria. The doses calculated for a MSLB at the EAB and LPZ are less than the
RG 1.183 limits for concurrent iodine spike cases.

14.3.2.5 Conclusions

Although DNB and possible clad perforation (no clad melting or zirconium-water reaction)
following a steam pipe rupture are not necessarily unacceptable, the above analysis, in fact, shows
that DNB does not occur for any rupture, assuming the most reactive rod stuck in its fully
withdrawn position.

The minimum DNBRs determined in the analysis of the steamline break are greater than the
1.45 minimum DNBR limit.

14.3.3 Rupture of a Control Rod Drive Mechanism Housing (Control Rod Assembly 
Ejection)

14.3.3.1 Identification of Causes and Accident Description

This accident is defined as the mechanical failure of a control rod mechanism pressure
housing, resulting in the ejection of a rod cluster control assembly and drive shaft. The
consequence of this mechanical failure is a rapid reactivity insertion together with an adverse core
power distribution, possibly leading to localized fuel rod damage.

14.3.3.1.1 Design Precautions and Protection

Certain features in Westinghouse pressurized water reactors are intended to preclude the
possibility of a rod-ejection accident, or to limit the consequences if the accident were to occur.
These include a sound, conservative mechanical design of the rod housings, a thorough quality
control (testing) program during assembly, and a nuclear design that lessens the potential ejection
worth of rod cluster control assemblies and minimizes the number of assemblies inserted at
power.

14.3.3.1.1.1 Mechanical Design. The mechanical design is discussed in Section 3.5.
Mechanical design and quality control procedures intended to preclude the possibility of a rod
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cluster control assembly (RCCA) drive mechanism housing failure sufficient to allow a rod
cluster control assembly to be rapidly ejected from the core are listed below:

1. Each Unit 1 control rod drive mechanism housing is completely assembled and shop-tested
at 3450 psig. Each Unit 2 control rod drive housing is hydrostatically tested at the shop at
3107 psig.

2. The mechanism housings are checked during the system leak test of the reactor coolant
system.

3. Stress levels in the mechanisms are not affected by anticipated system transients at power, or
by the thermal movement of the coolant loops. Moments induced by the design-basis
earthquake can be accepted within the allowable primary working stress range specified by
the ASME Code, Section III, for Class A components.

4. The Unit 1 latch mechanism housing and rod travel housing are each a single length of
forged type 304 stainless steel. The Unit 2 latch mechanism housing and rod travel housing
are each a single length of forged type 316 stainless steel. These materials exhibit excellent
notch toughness at all temperatures that will be encountered.

The Unit 1 joints between the latch mechanism housing and head adapter, and between the
latch mechanism housing and rod travel housing, are threaded joints reinforced by canopy-type
rod welds. The Unit 2 joints between the latch mechanism housing and head adapter housing are
threaded joints reinforced by canopy type welds. The Unit 2 joints between the latch mechanism
housing and rod travel housing are butt welds. Administrative regulations require periodic
inspections of these (and other) welds.

14.3.3.1.1.2 Nuclear Design. Even if a rupture of a rod cluster control assembly (RCCA) drive
mechanism housing is postulated, the operation of a plant using chemical shim is such that the
severity of an ejected rod cluster control assembly is inherently limited. In general, the reactor is
operated with the RCCAs inserted only far enough to permit load follow. Reactivity changes
caused by core depletion and xenon transients are compensated for by boron changes. Further, the
location and grouping of control rod banks are selected during the nuclear design to lessen the
severity of a RCCA-ejection accident. Therefore, should a rod cluster control assembly be ejected
from its normal position during full-power operation, only a minor reactivity excursion, at worst,
could be expected to occur.

However, it may occasionally be desirable to operate with larger than normal insertions. For
this reason, a rod insertion limit is defined as a function of power level. Operation with the rod
cluster control assemblies above this limit guarantees adequate shutdown capability and
acceptable power distribution. The position of all rod cluster control assemblies is continuously
indicated in the control room. An alarm will occur if a bank of rod cluster control assemblies
approaches its insertion limit or if one assembly deviates from its bank. There are low-low-level
insertion monitors with visual and audio signals.
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14.3.3.1.1.3 Reactor Protection. The reactor protection in the event of a rod-ejection accident
has been described in Reference 13. The protection for this accident is provided by the
high-neutron-flux trip (high and low setting). This protection function is described in detail in
Section 7.2.

14.3.3.1.1.4 Effects on Adjacent Housings. A control-rod drive mechanism assembly is shown
in Chapter 3. The operating coil stack assembly of this mechanism has a 10.718-inch by
10.718-inch cross section and is 39.875 inch in length. The position indicator coil stack assembly
is located above the operating coil stack assembly. It surrounds the rod travel housing over nearly
its entire 163.25-inch length. The rod travel housing outside diameter is 3.75 inch and the inside
and outside diameters of the position indicator coil stack assembly are 3.75 and 7 inches,
respectively. This assembly consists of a Micarta tube surrounded by a continuous stack of
copper-wire coils. This assembly is held together by two end plates, an outer sleeve, and four axial
tie rods.

14.3.3.1.1.4.1 Effects of Rod Travel Housing Longitudinal Failures. Should  a  long i tud ina l
failure of the rod travel housing occur, the region of the Micarta tube opposite the break would be
stressed by the reactor coolant pressure of 2250 psia. The most probable leakage path would be
the radial deformation of the position indicator coil assembly, resulting in the growth of axial flow
passages between the rod travel housing and the Micarta tube. The development of a radial
free-water jet would be unlikely because of the small clearance between the Micarta tube and the
rod travel housing, and the considerable resistance of the combination of the Micarta tube and the
position indicator coils to internal pressure.

Calculations based on experimental data on the mechanical properties of Micarta and
copper at reactor operating temperature show than an internal pressure of at least 2500 psia would
be necessary for the combination of the Micarta tube and the coils to start leaking in a radial
direction between the Micarta glass filaments.

The normal operating environment of the Micarta tube is strictly controlled during unit
operation, and thus no deterioration of the Micarta is expected. Should for unknown reasons the
mechanical strength of the Micarta tube be reduced and a longitudinal crack occur in a control-rod
assembly housing, weepage flow between the Micarta filaments and the copper coil wires might
take place, but no free jet should be formed. The formation of a free jet implies a cracking of the
Micarta tube, which could occur only with internal pressure substantially in excess of reactor
operating pressure. Prolonged exposure to hot water might cause a deterioration of the Micarta
and radial leakage might increase; even under these conditions, however, a net radial free jet
would be improbable.

A position indicator coil assembly has to maintain its integrity after a housing failure only
until the remaining control-rod assembly can be tripped into the core. Should for unknown
reasons a failure of the position indicator coil assembly occur after reactor trip, the resulting free
radial jet from the failed housing could cause the housing to bend and come into contact with
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adjacent rod travel housings. If the adjacent housings were on the periphery, they could
conceivably bend outward from their bases. The housing material is quite ductile and plastic
hinging without cracking could be expected. Rod travel housings adjacent to a failed housing in
locations other than the periphery would not be bent because of the rigidity of multiple adjacent
housings.

14.3.3.1.1.4.2 Effect or Rod Travel Housing Circumferential Failures. I f  a  c i r cumfe ren t i a l
failure of a rod travel housing were to occur, the broken-off section of the housing would be
ejected vertically because the driving force is vertical. The position indicator coil stack assembly
and the drive shaft would tend to guide the broken-off piece upward during its travel. Travel
would be limited to less than 3 feet (Unit 1) or about 15 inches (Unit 2, due to the integral missile
shield) by the missile shield, thereby limiting the projectile acceleration. When the projectile
reached the missile shield, it would partially penetrate the shield and dissipate its kinetic energy.
The water jet from the break would continue to push the broken-off piece against the missile
shield.

If the broken-off piece of the rod travel housing were short enough to clear the break when
fully ejected, it would rebound after impact with the missile shield. The top-end plates of the
position indicator coil stack assemblies would prevent the broken piece from directly hitting the
rod travel housing of a second drive mechanism. Even if a direct hit by the rebounding piece were
to occur, the low kinetic energy of the rebounding projectile would not be expected to cause
significant damage.

14.3.3.1.2 Limiting Criteria

Due to the extremely low probability of a RCCA-ejection accident, limited fuel damage is
considered an accepatable consequence.

Comprehensive studies of the threshold of fuel failure and of the threshold of significant
conversion of the fuel thermal energy to mechanical energy have been carried out as part of the
SPERT project by the Idaho Nuclear Corporation (Reference 14). Extensive tests of
zirconiun-clad UO2 fuel rods representative of those in pressurized-water-reactor-type cores have
demonstrated failure thresholds in the range of 240 to 257 cal/gm. However, other rods of a
slightly different design have exhibited failures as low as 225 cal/gm. These results differ
significantly from the TREAT (Reference 15) results, which indicated a failure threshold of
280 cal/gm. Limited results have indicated that this threshold decreases by about 10% with fuel
burnup. The clad failure mechanism appears to be melting for zero burnup rods and brittle fracture
for irradiated rods. Also important is the conversion ratio of thermal to mechanical energy. This
ratio becomes marginally detectable above 300 cal/gm for unirradiated rods and 200 cal/gm for
irradiated rods; catastrophic failure (large fuel dispersal, large pressure rise), even for irradiated
rods, did not occur below 300 cal/gm.
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In view of the above experimental results, conservative criteria are applied to ensure that
there is little or no possibility of fuel dispersal in the coolant, gross lattice distortion, or severe
shock waves. These criteria are:

1. Average fuel pellet enthalpy at the hot spot below 225 cal/gm for unirradiated fuel and
200 cal/gm for irradiated fuel.

2. Peak clad temperature at the hot spot below the temperature at which clad embrittlement may
be expected (2700°F). (Reference 25).

3. Peak reactor coolant pressure less than 3000 psi, which is much less than that which would
cause damage to the reactor coolant system.

4. Fuel melting limited to less than 10% of the fuel volume at the hot spot even if the average
fuel pellet enthalpy is below the limits of criterion 1 above.

14.3.3.2 Analysis of Effects and Consequences

14.3.3.2.1 Method of Analysis

Previous analyses of this event are documented in the original FSAR, and in References 9
and 16 through 21 and 27. The initial FSAR analysis was performed by Westinghouse. The
calculation was done in two stages: an average core calculation, and then a hot region calculation.
The nuclear power transients for the average core calculation were calculated using the
CHIC-KIN code developed by the Bettis Atomic Power Laboratory (Reference 22) to solve the
point kinetics equations. A detailed heat transfer code, which employed the Tong, Sandberg and
Bishop correlation (Reference 23) to determine the film boiling heat transfer coefficient after
DNB, was then used for the hot region calculations.

References 16 and 17 updated the original analysis to accommodate the higher end of life
(EOL) ejected rod worths and peaking factors realized for Cycle 2 operation at both units.

The Reference 18 analysis was performed to reflect a positive moderator temperature
coefficient at beginning of cycle (approximately 3 pcm/F at zero power, decreasing to 1.5 pcm/F
at full power). These calculations were done by Westinghouse using the TWINKLE code for the
nuclear power transient and the FACTRAN code for the hot spot heat transfer calculations. The
method of analysis is given in WCAP-8117 (Reference 24), and the basis for the calculation and
the Westinghouse limit criteria is given in WCAP-7588 (Reference 10).

These same models and methods were used for the reanalyses in References 19 and 20.
These evaluations were performed because the Cycle 3 reload core design for each unit resulted in
violations of one or more of the following design limits: the ratio of the rod worths to the delayed
neutron fraction, the peaking factors; maximum ejected rod worths, or minimum delayed neutron
fractions.
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The analysis in Reference 9 was performed to establish new design limits when the
minimum delayed neutron fractions for the Surry 1 Cycle 5 reload design were less than the
applicable limits. The Westinghouse models and methods were again used for this analysis.

The rod ejection analysis in Reference 21 was performed to evaluate the impact of the
increased drop time associated with the SIF assemblies.

The rod ejection analysis in Reference 27 was performed to establish new design limits to
accommodate trends toward higher peaking factors. For the analysis of the rod ejection event, it
was determined that the use of ZIRLO cladding results in a small reduction in both the fraction of
fuel melting at the hot spot and the fuel peak stored energy when compared with the results for
Zircaloy clad fuel. (Reference 28) The analysis described below is therefore applicable for either
clad material.

A rod ejection analysis has been performed to establish design limits for the moderator
temperature coefficient. A subsequent rod ejection analysis described below was performed to
support the implementation of Integral Fuel Burnable Absorber (IFBA) fuel. The implementation
of IFBA fuel core loading patterns at Surry results in several core physics parameters which
exceed values previously analyzed. The current analysis employs increased key core physics
parameter inputs which accommodate the predicted core behavior for IFBA core reload patterns.
The current analysis is applicable for both IFBA and non-IFBA fuel types at Surry.

The analysis of the RCCA ejection accident is performed in two stages: first, an average
core nuclear power transient calculation, and then a hot-spot heat transfer calculation. The average
core power calculation is performed using point neutron kinetics methods to determine the
average power generation with time, including the various total core feedback effects, i.e.,
Doppler reactivity and moderator reactivity. Enthalpy and temperature transients in the hot spot
are then determined by multiplying the average core power generation by the hot-channel factor
and performing a fuel rod transient heat transfer calculation. The power distribution calculated
without feedback is conservatively assumed to persist throughout the transient.

A detailed discussion of the method of analysis can be found in Reference 25.

14.3.3.2.1.1 Average Core Analysis. The point kinetics model of the RETRAN computer code
(References 12 and 25) is used to perform the average core transient analysis. This code includes
the simulation of prompt and delayed neutrons (using the six group model), the thermal kinetics
of the fuel and moderator and the balance of the NSS primary and secondary coolant system.
Thermal feedback effects are modeled via temperature dependent reactivity coefficients with a
detailed multiregion, transient fuel-clad-coolant heat transfer model. Reactivity insertion from the
ejection of the control rod and the subsequent reactor trip are accounted for.

Since both the axial and radial dimensions are missing, it is necessary to use very
conservative methods (described below) of calculating the ejected-rod worth and hot-channel
factor.



Revision 39—09/27/07 SPS UFSAR 14.3-26
 

14.3.3.2.1.2 Hot-Spot Analysis. The average core energy addition, calculated as described
above, is multiplied by the appropriate hot-channel factors, and the hot-spot analysis is performed
using a detailed fuel and clad transient heat transfer model of the RETRAN code termed the Hot
Spot Model (Reference 25). This model calculates the transient temperature distribution in a cross
section of a metal-clad UO2 fuel rod and the heat flux at the surface of the rod, using as input the
nuclear power versus time and the local coolant conditions. The zirconium-water reaction is
explicitly represented, and all material properties are represented as functions of temperature. A
parabolic radial power generation is used within the fuel rod.

The RETRAN Hot-Spot Model uses the Thom subcooled boiling correlation to determine
the film heat transfer before departure from nucleate boiling, and the Bishop-Sandberg-Tong
correlation (Reference 23) to determine the film-boiling coefficient after departure from nucleate
boiling. The DNB heat flux is not calculated; instead, the code is forced into departure from
nucleate boiling by specifying a conservative DNB heat flux. The gap heat transfer coefficient is
adjusted to force the full-power steady-state temperature distribution to agree with that predicted
by design fuel heat transfer codes presently used by Westinghouse.

For full-power cases, the design initial hot-channel factor (Fqt) is input to the code. The
hot-channel factor during the transient is assumed to increase from the steady-state design value
to the maximum transient value in 0.1 second and remain at the maximum for the duration of the
transient. This is conservative, since detailed spatial kinetics models show that the hot-channel
factor decreases shortly after the nuclear power peak due to the power flattening caused by the
preferential feedback in the hot channel (Reference 10).

14.3.3.2.1.3 System Overpressure Analysis. Because safety limits for the fuel damage specified
earlier are not exceeded, there is little likelihood of fuel dispersal into the coolant. The pressure
surge may therefore be calculated on the basis of conventional heat transfer from the fuel and
prompt heat generation in the coolant.

The pressure surge is calculated by first performing the fuel heat transfer calculation to
determine the average and hot-spot heat flux versus time. Using these heat flux data, a THINC
calculation is conducted to determine the volume surge. Finally, the volume surge is simulated in
a plant transient computer code. This code calculates the pressure transient, taking into account
fluid transport in the system, heat transfer to the steam generators, and the action of the
pressurizer spray and pressure relief valves. No credit is taken for the possible pressure reduction
caused by the assumed failure of the control rod pressure housing (Reference 10).

Due to the very conservative method of analysis, the peak surge rate is high enough to cause
the reactor coolant pressure to exceed the pressurizer safety valve actuation pressure. However,
this condition exists only for a few seconds; consequently, the pressurizer water volume does not
change significantly (less than 150 ft3). Therefore, the transient is not sensitive to the initial
pressurizer level, and the programmed value is used.
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14.3.3.2.2 Calculation of Basic Parameters

Input parameters for the analysis are conservatively selected on the basis of values
calculated for this type of core. The more important parameters are discussed below. Table 14.3-6
presents the parameters used in this analysis.

14.3.3.2.2.1 Ejected-Rod Worths and Hot-Channel Factors. The values for ejected-rod worths
and hot-channel factors are calculated using a synthesis of one-dimensional, two-dimensional and
three-dimensional calculations. Standard nuclear design codes are used in the analysis. No credit
is taken for the flux-flattening effects of reactivity feedback. The calculation is performed for the
maximum allowed bank insertion at a given power level, as determined by the rod insertion limits.
Adverse xenon distributions are considered in the calculations.

The total transient hot-channel factor, Fqt, is then obtained by combining the axial and
radial factors.

Appropriate margins are added to the results to allow for calculational uncertainties,
including an allowance for nuclear power peaking due to fuel densification.

14.3.3.2.2.2 Reactivity Feedback Weighting Factors. The largest temperature rises, and hence
the largest reactivity feedbacks, occur in channels where the power is higher than average. Since
the weight of a region is dependent on flux, these regions have high weights. This means that the
reactivity feedback is larger than that indicated by a simple single-channel analysis. Physics
calculations were carried out for a large number of radial temperature distributions. Reactivity
changes were compared and effective weighting factors determined. These weighting factors take
the form of multipliers that, when applied to single-channel feedbacks, correct them to effective
whole-core feedbacks for the appropriate flux shape. In this analysis, although a point kinetics
method is used, only a radial weighting factor is applied. In addition, no weighting is applied to
the moderator feedback. This very conservative radial weighting factor is applied to the Doppler
reactivity feedback of the fuel as a function of the post-ejection radial power peaking factor to
account for the missing spatial effect. This weighting factor has been shown to be conservative
compared to three-dimensional analysis (Reference 25).

14.3.3.2.2.3 Moderator and Doppler Coefficient. The critical boron concentration at the
beginning of cycle (BOC) and end of cycle (EOC) were adjusted in the nuclear code to obtain
moderator density coefficient curves that are conservative compared to actual design conditions
for the plant. As discussed above, no weighting factor is applied to this coefficient.

The Doppler reactivity coefficeint is determined as a function of fuel temperature using a
two-dimensional steady-state computer code with a Doppler weighting factor of 1.0. The resulting
coefficient is conservative compared to design predictions for this plant. The weighting factor will
increase under accident conditions as discussed above. The transient weighting factor used in the
analysis is presented in Table 14.3-6.



Revision 39—09/27/07 SPS UFSAR 14.3-28
 

14.3.3.2.2.4 Delayed Neutron Fraction, Beff. The accident is sensitive to Beff if the ejected-rod
worth is nearly equal to or greater than Beff, as in zero-power transients. To allow for future fuel
cycles, conservative estimates of Beff of 0.54% at beginning of cycle and 0.43% at end of cycle
were used in the analysis.

14.3.3.2.2.5 Trip Reactivity Insertion. The trip reactivity insertion is assumed to be 4% from hot
full power and 1.77% from hot zero power, including the effect of one stuck rod, (i.e., the ejected
rod). The shutdown reactivity is simulated by a conservative curve of trip reactivity insertion
versus time after trip. The start of the rod motion occurs 0.5 second after the high-neutron-flux
point is reached. This delay is assumed to consist of 0.2 second for the instrument channel to
produce a signal, 0.15 second for the trip breaker to open, and 0.15 second for the coil to release
the rods. The analyses presented are applicable for a rod insertion time of 2.4 second from coil
release to entrance of the rod at the dash pot, although measurements indicate that this value
should be closer to 1.8 second. The choice of such a conservative insertion rate means that there is
over 1 second after the trip point is reached before significant shutdown reactivity is inserted into
the core. This is a particularly significant conservatism for hot full-power accidents.

14.3.3.2.3 Results

The value of parameters used in the analysis, as well as the results of the most recent
analysis are presented in Table 14.3-6 and discussed below.

14.3.3.2.3.1 Beginning of Cycle, Full Power. Control bank D was assumed to be inserted to its
insertion limit. The worst ejected-rod worth and hot-channel factor were 0.215% delta k and 6.60,
respectively. The peak hot-spot clad temperature was 2573°F. The peak hotspot fuel center
temperature exceeded the BOC melt temperature of 4900°F. However, melting was restricted to
less than 4% of the pellet.

14.3.3.2.3.2 Beginning of Cycle, Zero Power. For this condition, control bank D was assumed to
be fully inserted and control bank C was at its insertion limit. The worst ejected rod was located in
control bank D and had a worth of 0.830% delta k and a hot-channel factor of 20.0. The peak
hot-spot clad temperature reached 2507°F.

14.3.3.2.3.3 End of Cycle, Full Power. Control bank D was assumed to be inserted to its
insertion limit. Conservative values of ejected-rod worth and hot-channel factor, 0.215% delta k
and 6.50 respectively, were used. This resulted in a peak clad temperature of 2501°F.

14.3.3.2.3.4 End of Cycle, Zero Power. The ejected-rod worth and hot-channel factor for this
case were obtained assuming control bank D to be fully inserted and control bank C at its
insertion limit. Conservative values used in the analysis for this condition were 0.830% delta k
and 20.0, respectively. The peak clad temperature reached 2550°F.

A summary of the cases presented above is given in Table 14.3-6. The nuclear power and
hot-spot fuel and clad temperature transients for the BOC full-power and zero-power cases are
presented in Figures 14.3-24 through 14.3-27.
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14.3.3.2.3.5 Fission Product Release. It is assumed that fission products are released from the
gaps of all fuel rods entering DNB. Fission product release fractions, which show the expected
fraction of the core inventory that is released to the gap, are summarized in Appendix 14A. These
fractions are based on the steady-state fuel temperatures expected at full-power operation, and
they include the effect of high fuel temperatures at the hot spot, using the design hot-channel
factor. As a result of the rod ejection accident, the hot-spot fuel temperatures will increase,
leading to an increase in the fraction of activity released to the gap. However, the results of the rod
ejection analysis showed that even at the hot spot there is limited metal-water reaction and the
clad is not expected to fail. Even if the rods entering DNB were to fail, only a small portion of the
core is affected because of the strong localized peak typical of rod ejection accidents. For
example, a fuel census performed from the results of a static, three-dimensional ejected-rod
calculation (Figure 14.3-28) shows that, for this typical case, 90% of the fuel volume is operating
at a power level less than half that at the hot spot. For this reason, less than 10% of the core enters
DNB and a much smaller fraction will experience a fuel temperature nearly as high as that of the
hot spot. Since there will be no massive failure of the fuel rods, the position with regard to fission
product release, even taking into account the increased fuel temperatures in the area of the rod
ejection, is that less than 10% of the core will release fission products. A gap-type release is
expected. However, even assuming that a TID-14844-type release (100% of the noble gases and
50% of the halogens) occurs in less than 10% of the core, this release is much less than that for the
double-ended severance of a reactor coolant pipe, in which 100% of the total core noble gases and
50% of the total core halogens are assumed to be released.

14.3.3.2.3.6 Pressure Surge. It is shown that there is no danger of fuel dispersal into the coolant.
The pressure surge may therefore be calculated on the basis of conventional heat transfer from the
fuel and prompt heat generation in the coolant. The most severe excess addition of energy to the
coolant occurs for the high-power and end-of-life case. In order to estimate the magnitude of this
pressure transient, average channel and hot-spot heat transfer calculations were performed using a
high gap conductance and without assuming DNB. The power curves used for these calculations
represented a limiting case in which center melting was initiated at the hot spot. Using these heat
flux data, a THINC 3 run was conducted to determine the volume surge without the benefit of
pressure feedback. This volume surge was subsequently used as the basis-for a pressure
calculation. The results indicated that, starting at 2250 psia, a peak pressure of about 2340 psia
occurs some 1.5 seconds after a control-rod assembly ejection.

14.3.3.2.3.7 Lattice Deformation. A large temperature gradient will exist in the region of the hot
spot. Since the fuel rods are free to move in the vertical direction, differential expansion between
separate rods cannot produce distortion. However, the temperature gradients across individual
rods any produce a force tending to bow the midpoint of the rods toward the hot spot. Physics
calculations indicate that the net result of this would be a negative reactivity insertion. In practice,
no significant bowing is anticipated, since the structural rigidity of the core is more than sufficient
to withstand the forces produced. Boiling in the hot-spot region would produce a net flow away
from that region. However, the heat from the fuel is released to the water relatively slowly, and it
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is considered inconceivable that cross flow will be sufficient to produce significant lattice forces.
Even if massive and rapid boiling, sufficient to distort the lattice, is hypothetically postulated, the
large void fraction in the hot-spot region would produce a reduction in the total core
moderator-to-fuel ratio and a large reduction in this ratio at the hot spot. The net effect would
therefore be a negative feedback. It can be concluded that no conceivable mechanism exists for a
net positive feedback resulting from lattice deformation. In fact, a small negative feedback may
result. The effect is conservatively ignored in the analysis.

14.3.3.3 Conclusions

Even on a pessimistic basis, the analyses indicate that the described fuel and clad limits are
not exceeded. It is concluded that there is no danger of sudden fuel dispersal into the coolant.
Since the peak pressure does not exceed that which would cause stresses to exceed the faulted
condition stress limits, it is concluded that there is no danger of further consequential damage to
the primary loop. The analyses have demonstrated that the upper limit in fission product release as
a result of a number of fuel rods entering departure from nucleate boiling amounts to 10%.
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Table 14.3-1
TIME SEQUENCE OF EVENTS FOR MAJOR

SECONDARY STEAM PIPE RUPTURE
1.4 FT2 BREAK WITH OFFSITE POWER

Event Time, sec
Steamline rupture 1.01
High Steamline ΔP 1.16
High Steam Flow 1.58
Pressurizer Empties 11.80
Lo-Lo Tavg 13.86
Main Feedwater Isolation 15.07
Safety Injection Initiation 15.87
Main Steamline Isolation 18.86
Critically Reached 29.80
Boron Enters Core 243.6
Peak Heat Flux Reached 244.8
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Table 14.3-2
TIME SEQUENCE OF EVENTS FOR MAJOR

SECONDARY STEAM PIPE RUPTURE
1.4 FT2 BREAK WITHOUT OFFSITE POWER

Event Time, sec
Steamline rupture 1.01
High Steamline ΔP 1.16
High Steam Flow 1.58
Pressurizer Empties 13.80
Main Feedwater Isolation 14.96
Lo-Lo Tavg 16.86
Lo Steamline Pressure 19.18
Main Steamline Isolation 21.86
Safety Injection Initiation 25.08
Critically Reached 45.0
Boron Enters Core 253.6
Peak Heat Flux Reached 267.2

Table 14.3-3
TIME SEQUENCE OF EVENTS FOR MAJOR

SECONDARY STEAM PIPE RUPTURE
CREDIBLE BREAK

Event Time, sec
Steamline rupture 1.01
Main Feedwater Isolation 8.96
Pressurizer Empties 26.40
Lo-Lo Tavg 31.91
Lo-Lo Pressurizer Pressure 68.79
Safety Injection Initiation 73.79
Critically Reached 207.6
Peak Heat Flux 316.8
Boron Enters Core 328.8
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Table 14.3-4
SURRY MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK WITH OFFSITE POWER AND CREDIBLE BREAK CASE

Statepoint 1 2 3 4 5 a

Time, sec 86.0 174.0 244.8 298.0 316.8
Loop A Cold Leg Temperature, °F 400.7 396.88 396.74 395.86 459.02
Loop B Cold Leg Temperature, °F 471.06 466.76 465.42 463.94 482.33
Loop C Cold Leg Temperature, °F 471.59 466.92 465.44 463.94 482.33
Pressurizer Pressure, psia 820.40 842.60 869.81 882.98 1006.93
Volumetric RCS Flow, % nominal 99.68 99.67 99.67 99.67 99.87
Heat Flux, % nominal 18.33 22.61 23.74 21.90 7.07

a. Credible Break Statepoint

Table 14.3-5
SURRY MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK WITHOUT OFFSITE POWER
Statepoint 6 7 8 9 10
Time, sec 246.0 267.2 338.0 382.0 470.8
Loop A Cold Leg Temperature, °F 291.32 285.48 271.34 265.74 257.31
Loop B Cold Leg Temperature, °F 467.87 466.18 462.68 460.93 457.27
Loop C Cold Leg Temperature, °F 473.47 471.36 466.86 464.63 460.04
Pressurizer Pressure, psia 848.23 852.61 858.85 862.42 881.58
Volumetric RCS Flow, % nominal 6.12 6.08 5.70 5.44 5.22
Heat Flux, % nominal 5.69 5.94 5.15 5.01 5.01
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Table 14.3-6
CONTROL ROD ASSEMBLY EJECTION DATA

Time In Cycle
Parameter Beginning Beginning End End
Power Level 102% 0% 102% 0%
Ejected Rod Worth, %Δk/k 0.215 0.830 0.215 0.830
Delayed Neutron Fraction, % 0.54 0.54 0.43 0.43
Feedback Reactivity Weighting 1.325 3.258 1.310 3.258
Trip Reactivity, %Δk/k 4.0 1.77 4.0 1.77
Fq Before Rod Ejection 2.397 - 2.397 -
Fq After Rod Ejection 6.60 20.0 6.50 20.0
Number of Operational Pumps 3 2 3 2
Maximum Fuel Pellet Average Temperature, °F 3992 3405 3906 3465
Maximum Fuel Center Temperature, °F 4901 3966 4802 4028
Maximum Clad Temperature, °F 2573 2507 2501 2550
Maximum Fuel Stored Energy, Btu/lb 329 260 319 266
Percent Fuel Melting <4 0 <4 0
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Table 14.3-7
STEAM GENERATOR TUBE RUPTURE BREAK FLOW RATES AND RELEASES

(CASE WITH OFFSITE POWER NOT AVAILABLE)

Affected Steam Generator
RCS to SG 

Liquid Flow 
RCS to SG 
Steam Flow

SG Liquid to
Steam
(cfm)

Steam Release
(cfm)Time (sec) (lbm) (cfm) (lbm) (cfm)

0 -88 6075 91.6 747 11.26 1330 0
88 - 289 12,020 79.4 687 4.54 134 3735

289 - 1800 87,733 77.0 4221 3.71 73 2038

Unaffected Steam Generators

Time Period
Steam Mass 

(lbm)
Flow Rate 

(cfm)
0 sec - 88 sec 0 0

88 sec - 500 sec 41,906 127
500 sec - 30 min 0 0

30 min - 2 hr 179,398 41
2 hr - 8 hr 632,579 37
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Table 14.3-8
STEAM GENERATOR TUBE RUPTURE BREAK FLOW RATES AND RELEASES

(OFFSITE POWER AVAILABLE)

Affected Steam Generator
RCS to SG 

Liquid Flow 
RCS to SG 
Steam Flow

SG Liquid to
Steam
(cfm)

Steam Release
(cfm)Time (sec) (lbm) (cfm) (lbm) (cfm)

0 -88 6238 94.1 501 7.55 1330 0
88 - 247 9997 83.4 82 0.68 145 4036

247 - 1800 90,270 77.1 677 0.58 113 3152

Unaffected Steam Generators

Time Period
Steam Mass 

(lbm)
Flow Rate 

(cfm)
0 sec - 88 sec 0 0

88 sec - 393 sec 43,315 177
393 sec - 30 min 0 0

30 min - 2 hr 179,398 41
2 hr - 8 hr 632,579 37
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Table 14.3-9
STEAM GENERATOR TUBE RUPTURE CONTROL ROOM AND OFFSITE DOSES

Control Room
30-day

Dose

(REM TEDE)

Control Room
30-day

Dose Limit
GDC-19 &

10 CFR 50.67
(REM TEDE)

EAB
2-hour

Dose

(REM TEDE)

LPZ
30-day

Dose

(REM TEDE)

Offsite 
Pre-accident
Iodine Spike
Dose Limit
RG 1.183

(REM TEDE)

Offsite 
Concurrent

Iodine Spike
Dose Limit
RG 1.183

(REM TEDE)
0.90 5 2.18 0.11 25 2.5
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Table 14.3-10
PRIMARY COOLANT AND SECONDARY SIDE RADIONUCLIDE INVENTORIES

TECHNICAL SPECIFICATION LIMITS PLUS CONCURRENT IODINE SPIKE

Isotope

Primary 
Coolant 
Activity 
(Curies)

Secondary
Liquid Activities

(3 SGs)
(Curies)

Secondary
Steam Activity

(3 SGs)
(Curies)

Concurrent Spike
Appearance Rate
Input into MSLB

Model
(Ci/hr)

Concurrent Spike
Appearance Rate
Input into SGTR

Model
(Ci/hr)

I-131 1.373E+02 1.097E+01 7.458E-03 1.144E+04 7.6648E+03
I-132 5.109E+01 5.005E+00 3.403E-03 1.185E+04 7.9395E+03
I-133 2.232E+02 1.238E+01 8.414E-03 2.190E+04 1.4673E+04
I-134 3.106E+01 3.061E-01 2.081E-04 1.478E+04 9.9026E+03
I-135 1.169E+02 4.457E+00 3.030E-03 1.561E+04 1.0459E+04
Kr-85 1.978E+02 3.112E-04
Kr-87 6.376E+01 1.003E-04
Kr-88 2.297E+02 3.613E-04
Kr-85m 9.319E+01 1.466E-04
Xe-133 1.537E+04 2.417E-02
Xe-135 4.251E+02 6.686E-04
Xe-138 2.861E+01 4.500E-05
Xe-133m 1.529E+02 2.404E-04
Xe-135m 1.063E+01 1.671E-05
Cs-134 1.439E+01 1.025E+00 6.969E-04
Cs-136 2.125E+00 4.697E-01 3.193E-04
Cs-137 7.970E+01 6.822E-01 4.638E-04
Cs-138 3.744E+00
Br-84 2.452E+00 1.128E-02 7.668E-06
Rb-88 2.305E+02 4.662E-01 3.170E-04
Rb-89 5.313E+00
Co-58 6.171E-01 4.195E-04
Te-132 1.520E+01 9.496E-01 6.456E-04
Te-134 1.749E+00
Mo-99 1.823E+02 3.703E+00 2.517E-03
Tc-99m 9.976E+00 6.783E-03
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Table 14.3-11
PRIMARY COOLANT AND SECONDARY SIDE RADIONUCLIDE INVENTORIES

TECHNICAL SPECIFICATION LIMITS PRE-ACCIDENT IODINE SPIKE

Isotope

Primary 
Coolant 
Activity
(Curies)

Secondary
Liquid Activity

(3 SGs)
(Curies)

Secondary
Steam Activity

(3 SGs)
(Curies)

I-131 1.373E+03 1.097E+01 7.458E-03

I-132 5.109E+02 5.005E+00 3.403E-03

I-133 2.232E+03 1.238E+01 8.414E-03

I-134 3.106E+02 3.061E-01 2.081E-04

I-135 1.169E+03 4.457E+00 3.030E-03

Kr-85 1.978E+02 3.112E-04

Kr-87 6.376E+01 1.003E-04

Kr-88 2.297E+02 3.613E-04

Kr-85m 9.319E+01 1.466E-04

Xe-133 1.537E+04 2.417E-02

Xe-135 4.251E+02 6.686E-04

Xe-138 2.861E+01 4.500E-05

Xe-133m 1.529E+02 2.404E-04

Xe-135m 1.063E+01 1.671E-05

Cs-134 1.439E+01 1.025E+00 6.969E-04

Cs-136 2.125E+00 4.697E-01 3.193E-04

Cs-137 7.970E+01 6.822E-01 4.638E-04

Cs-138 3.744E+00

Br-84 2.452E+00 1.128E-02 7.668E-06

Rb-88 2.305E+02 4.662E-01 3.170E-04

Rb-89 5.313E+00

Co-58 6.171E-01 4.195E-04

Te-132 1.520E+01 9.496E-01 6.456E-04

Te-134 1.749E+00

Mo-99 1.823E+02 3.703E+00 2.517E-03

Tc-99m 9.976E+00 6.783E-03
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Table 14.3-12
VOLUMES USED IN ANALYSIS OF MAIN STEAM LINE BREAK (MSLB), LOCKED 

ROTOR ACCIDENT (LRA), STEAM GENERATOR TUBE RUPTURE (SGTR)

Description Volume (ft3) Notes
Environment
Primary Coolant 8902
Secondary Liquid 2052 Per steam generator
Secondary Steam a, b 3889 Per steam generator
Control Room 2.23 × 105

Turbine Building c 6.00 × 106

a. The MSLB analysis modeled the steam compartments of all three steam generators 

as a single 1 ft3 volume.
b. The SGTR analysis modeled the steam compartment of the two intact steam 

generators as a single 1 ft3 volume
c. The Turbine Building volume is only used in the MSLB analysis.

Table 14.3-13
χ/Qs USED IN THE SGTR AND MSLB ANALYSES

Location Time χ/Q (sec/m3)

Control Room 0 to 720 hours 3.79 × 10-3

EAB 0 to 2 hours 4.61 × 10-3

LPZ 0 to 8 hours 2.01 × 10-4

LPZ 8 to 24 hours 1.22 × 10-4

LPZ 24 to 96 hours 4.18 × 10-5

LPZ 96 to 720 hours 8.94 × 10-6
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Table 14.3-14
FLOW FROM AFFECTED SG TO THE TURBINE BUILDING AND FROM THE TURBINE 

BUILDING TO THE ENVIRONMENT

Time Seconds
Volume Released (cfm)a SG

to Turbine Building

Volume Released (cfm)
Turbine Building to

Environment

0 - 41 1.632 × 103 2.396 × 106

41 - 181 3.818 × 103 1.132 × 106

181 - 1800 2.511 × 103 4.096 × 105

>1800 0.0 0.0

a. Note that the release rates from the steam generator to the turbine building 
are increased above the values calculated by the thermal hydraulic analysis 
by a factor of 5 after 41 seconds, and by a factor of 10 after 181 seconds. 
This ensures that all of the radionuclides initially present in the Steam 
Generator are released.

Table 14.3-15
MAIN STEAM LINE BREAK CONTROL ROOM AND OFFSITE DOSES

Control Room
30-day

Dose

REM TEDE

Control Room
30-day

Dose Limit
GDC-19 &

10 CFR 50.67
REM TEDE

EAB
2-hour

Dose

REM TEDE

LPZ
30-day

Dose

REM TEDE

Offsite
Pre-accident
Iodine Spike
Dose Limit
RG 1.183

REM TEDE

Offsite
Concurrent

Iodine Spike
Dose Limit
RG 1.183

REM TEDE
0.63 5 0.35 0.03 25 2.5
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Figure 14.3-1 
STEAM GENERATOR TUBE RUPTURE - RCS AVERAGE TEMPERATURE
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Figure 14.3-2 
STEAM GENERATOR TUBE RUPTURE - REACTOR NORMALIZED POWER
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Figure 14.3-3 
STEAM GENERATOR TUBE RUPTURE - RUPTURED STEAM GENERATOR PRESSURE
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Figure 14.3-4 
STEAM GENERATOR TUBE RUPTURE - PRESSURIZER PRESSURE
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Figure 14.3-5 
STEAM GENERATOR TUBE RUPTURE - OPEN SG PORV MASS FLOW RATE
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Figure 14.3-6 
STEAM GENERATOR TUBE RUPTURE - BREAK MASS FLOW
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Figure 14.3-7 
STEAM GENERATOR TUBE RUPTURE - BREAK INTEGRATED MASS FLOW
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Figure 14.3-8 
VARIATION OF REACTIVITY WITH POWER
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Figure 14.3-9 
SPS MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK, OFFSITE POWER AVAILABLE
NORMALIZED CORE HEAT FLUX
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Figure 14.3-10 
SPS MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK, OFFSITE POWER AVAILABLE
PRESSURIZER PRESSURE
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Figure 14.3-11 
SPS MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK, OFFSITE POWER AVAILABLE
CORE REACTIVITY,% ΔK/K
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Figure 14.3-12 
SPS MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK, OFFSITE POWER AVAILABLE
CORE INLET BORON CONCENTRATION
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Figure 14.3-13 
SPS MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK, OFFSITE POWER AVAILABLE
ACTUAL LOOP AVERAGE TEMPERATURES
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Figure 14.3-14 
SPS MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK, W/O OFFSITE POWER AVAILABLE
NORMALIZED CORE HEAT FLUX
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Figure 14.3-15 
SPS MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK, W/O OFFSITE POWER AVAILABLE
PRESSURIZER PRESSURE
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Figure 14.3-16 
SPS MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK, W/O OFFSITE POWER AVAILABLE
CORE REACTIVITY,% ΔK/K
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Figure 14.3-17 
SPS MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK, W/O OFFSITE POWER AVAILABLE
CORE INLET BORON CONCENTRATION
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Figure 14.3-18 
SPS MAIN STEAMLINE BREAK ANALYSIS

1.4 FT2 BREAK, W/O OFFSITE POWER AVAILABLE
ACTUAL LOOP AVERAGE TEMPERATURES
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Figure 14.3-19 
SPS MAIN STEAMLINE BREAK ANALYSIS

CREDIBLE BREAK
NORMALIZED CORE HEAT FLUX
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Figure 14.3-20 
SPS MAIN STEAMLINE BREAK ANALYSIS

CREDIBLE BREAK
PRESSURIZER PRESSURE
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Figure 14.3-21 
SPS MAIN STEAMLINE BREAK ANALYSIS

CREDIBLE BREAK
CORE REACTIVITY,% ΔK/K
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Figure 14.3-22 
SPS MAIN STEAMLINE BREAK ANALYSIS

CREDIBLE BREAK
CORE INLET BORON CONCENTRATION
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Figure 14.3-23 
SPS MAIN STEAMLINE BREAK ANALYSIS

CREDIBLE BREAK
ACTUAL LOOP AVERAGE TEMPERATURES
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Figure 14.3-24 
NUCLEAR POWER TRANSIENT - BOC HFP ROD EJECTION ACCIDENT
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Figure 14.3-25 
HOT SPOT FUEL AND CLAD TEMPERATURE VERSUS TIME -

BOC HFP ROD EJECTION ACCIDENT
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Figure 14.3-26 
NUCLEAR POWER TRANSIENT - BOC HZP ROD EJECTION ACCIDENT
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Figure 14.3-27 
HOT SPOT FUEL AND CLAD TEMPERATURE VERSUS TIME

BOC HZP ROD EJECTION ACCIDENT
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Figure 14.3-28 
FUEL ROD POWER LEVEL VERSUS PERCENT OF CORE

VOLUME ROD EJECTION CASE
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14.4 GENERAL STATION ACCIDENT ANALYSIS

14.4.1 Fuel-Handling Accidents

The following fuel-handling accidents are evaluated:

1. A fuel assembly becomes stuck inside the reactor vessel.

2. A fuel assembly becomes stuck in the containment penetration valve (fuel transfer tube).

3. A fuel assembly becomes stuck in the transfer carriage or the carriage becomes stuck.

4. A fuel assembly in the reactor cavity becomes damaged (fuel-handling accident in
containment).

5. A fuel assembly in the spent-fuel pool becomes damaged (fuel-handling accident in the
spent-fuel pool).

6. A spent-fuel shipping cask is dropped into the cask laydown area of the spent-fuel pool
(cask-drop accident).

14.4.1.1 Accident Prevention or Mitigation

The possibility of a fuel-handling accident is remote because of the stringent administrative
controls and physical limitations imposed on fuel-handling operations. All refueling operations
are conducted in accordance with prescribed procedures under the direct surveillance of a
supervisor technically trained in nuclear safety. Also, before any refueling operations begin, the
verification of complete control-rod assembly insertion is obtained by tripping the control-rod
banks and obtaining indication of rod drop and disengagement from the control-rod drive
mechanisms. The boron concentration in the reactor coolant is raised to the relatively high
refueling concentration and verified by sampling. The refueling boron concentration is sufficient
to maintain the clean, cold, fully loaded core subcritical with all control-rod assemblies
withdrawn. The refueling cavity is filled with water meeting the same boric acid specifications.
As the vessel head is raised, a visual check is made to verify that the control-rod assembly drive
shafts are free in the mechanism housing.

After the vessel head is removed, the control-rod assembly drive shafts are removed from
their respective assemblies using the manipulator crane hoist and the shaft unlatching tool. A
spring scale is used to indicate that the drive shaft is free of the control-rod assembly as the lifting
force is applied.

The fuel-handling manipulators and hoists are designed so that fuel cannot be raised above a
position that provides adequate shield water depth for the safety of operating personnel. This
safety feature applies to handling facilities in both the containment and the spent-fuel pool area. In
the spent-fuel pool, the design of storage racks and manipulation facilities is such that:

1. Fuel at rest is held in position by positive restraints in a safe, always subcritical, geometrical
array, with no credit for boric acid in the water.
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2. Fuel can be manipulated only one assembly at a time.

3. A violation of procedures by placing one fuel assembly in juxtaposition with any group of
assemblies in racks will not result in criticality.

4. Crane facilities do not permit the handling of heavy objects, such as a spent-fuel shipping
cask, above the fuel racks.

Adequate cooling of spent-fuel during underwater handling is provided by convective heat
transfer to the surrounding water. The fuel assembly is immersed continuously while in the
refueling cavity or spent-fuel pool.

Even if a spent-fuel assembly becomes stuck in the transfer tube, natural convection
maintains adequate cooling. The fuel-handling equipment is described in detail in Chapter 9.

Two nuclear instrumentation system source range channels are continuously in operation
and provide a warning of any approach to criticality during refueling operations. This
instrumentation provides a continuous audible signal in the containment, and it would annunciate
a local horn and a horn and light in the control room if the count rate increased above a preset low
level.

The refueling boron concentration is sufficient to maintain the clean, cold, fully loaded core
subcritical by at least 5% delta k/k with all control-rod assemblies inserted (Reference 8). At this
boron concentration the core would also be subcritical with all control-rod assemblies withdrawn.
The refueling cavity is filled with water meeting the same boric acid specifications.

All these safety features make the probability of a fuel-handling accident very low.
Nevertheless, it is possible that a fuel assembly could be dropped during the handling operations.
Therefore, this accident is analyzed both from the standpoint of radiation exposure and accidental
criticality.

Special precautions are taken in all fuel-handling operations to minimize the possibility of
damage to fuel assemblies during transport to and from the spent-fuel pool and during their
installation in the reactor. All irradiated fuel-handling actions are conducted under water. The
handling tools used in the fuel-handling operations are conservatively designed and the associated
devices are of a fail-safe design.

In the fuel storage area, the fuel assemblies are spaced in a pattern that prevents any
possibility of a criticality accident. The motions of the cranes that move the fuel assemblies are
limited to a relatively low maximum speed. Caution is exercised during fuel-handling to prevent a
fuel assembly from striking another fuel assembly or structures in the containment or fuel
building.

The fuel-handling equipment suspends the fuel assembly in the vertical position during fuel
movements, except when the fuel is moved through the transport tube.
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The design of the fuel assembly is such that the fuel rods are restrained by grid clips that
provide a total restraining force of approximately 60 lb on each fuel rod. If the fuel rods are in
contact with the bottom plate of the fuel assembly, any force transmitted to the fuel rods is limited
by the restraining force of the grid clips. The force transmitted to the fuel rods during
fuel-handling is not sufficient to breech the fuel-rod cladding. If the fuel rods were not in contact
with the bottom plate of the assembly, the rods would have to slide against the 60-lb friction force.
This would absorb the shock and thus limit the force on the individual fuel rods.

Considerable assembly deformation would have to occur before the rod would make contact
with the top plate and place any appreciable load on the fuel rod. In view of the above, it is
unlikely that any damage would occur to the individual fuel rods during handling. If one assembly
is lowered on top of another, no damage to the fuel rods would occur that would affect the
integrity of the cladding.

If during handling the fuel assembly were to strike against a flat surface, the loads would be
distributed across the fuel assembly and grid clips and essentially no damage would be expected
in any fuel rods.

If the fuel assembly were to strike a sharp object, it would be possible for the sharp object to
damage the fuel rods with which it comes in contact, but a breech of the cladding would be
unlikely. On this basis, assuming the failure of an entire row of fuel rods (15) is a conservative
upper limit.

Preliminary analyses in support of the initial FSAR assumed three extremely remote
situations: a fuel assembly is dropped 14 feet and strikes a flat surface; one assembly is dropped
onto another; and one assembly strikes a sharp object. The analysis of a fuel assembly assumed to
be dropped and striking a flat surface considered the stresses the fuel cladding was subjected to
and any possible buckling of the fuel rods between the grid clip supports. The results showed that
the axial load at the bottom section of the fuel rod, which would receive the highest loading
(approximately 100 lb) was below the critical buckling load (250 lb) and the stresses were
relatively low and below the yield stress. For the case where one assembly is dropped on top of
another fuel assembly, the loads would be transmitted through the end plates and the control-rod
assembly guide tubes of the struck assembly before any of the loads reached the fuel rods.

The end plate and guide thimbles absorb a large portion of the kinetic energy as a result of
bending in the lower plate of the falling assembly. Also, energy is absorbed in the struck assembly
top end plate before any load can be transmitted to the fuel rods. The results of this analysis
indicated that the buckling load on the fuel rods was below the critical buckling loads and the
stresses in the cladding were relatively low and below yield.

The experience that has been gained in Westinghouse reactor refueling operations indicates
that fuel cladding integrity failures would not be expected to occur during fuel-handling
operations.
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For the initial FSAR, the rupture of one complete outer row of fuel rods in a withdrawn
spent-fuel assembly was assumed as a conservative limit for evaluating the environmental
consequences of a fuel-handling accident. The remaining fuel assemblies are protected by the
storage rack structure so they are not subjected to lateral bending loads. No damage resulted from
the axial application of a load of 2200 lb to a fuel assembly. The maximum load expected to be
experienced in service is approximately 1000 lb. This information was used in the fuel-handling
equipment design to establish the limits for inadvertent axial loads.

The spent fuel cask drop analysis is discussed in Reference 1. The fuel handling accident in
the containment and the fuel handling accident in the spent fuel pool are described below in more
detail. These analyses were performed as part of implementing the alternate source term that is
described in RG 1.183 (Reference 13). It should be noted that Surry Power Station has been
licensed for fuel burnups up to 60,000 MWD/MTU lead rod burnup (Reference 2). For this
extended burnup it has been shown that the radiological consequences of the fuel handling
accidents discussed below remain unchanged (References 2, 3 & 4).

Virginia Power conducted a spent fuel cask drop evaluation in support of the use of spent
fuel casks in the fuel building area (References 5 & 6). As a result of this evaluation, cask impact
pads were installed in the cask loading area of the spent fuel pool, and the spent fuel pool was
divided into two regions for the storage of spent fuel (Reference 7). Region 1 comprises the first
three rows of fuel racks (324 storage locations) adjacent to the Fuel Building Trolley Load Block.
Region 2 comprises the remainder of the fuel racks in the fuel pool. During spent fuel cask
handling, Region 1 is limited to storage of spent fuel assemblies which meet the criteria
delineated in Surry Power Station Technical Specification 5.4, Fuel Storage.

14.4.1.2 Fuel-Handling Accident in the Containment

The fuel handling accident (FHA) in the containment has three postulated release paths.
These three pathways are the ventilation system (through Vent Stack No. 2), the open personnel
airlock, and the open equipment access hatch. The analysis models the release flow and
atmospheric dispersion factors to bound the radiological effects of release from any combination
of the three release paths and from penetrations that terminate in the Auxiliary Building and
Safeguards. Filtration of the containment release to atmosphere is not credited in the FHA
analysis.

14.4.1.2.1 Assumptions

During refueling, the containment purge system may be aligned to exhaust through either
the non-safety related or safety-related ventilation filters in the Auxiliary Building or a
combination thereof, but no filtration is credited in the analysis. If exhaust is being filtered, more
than one filter bank may be on line because the fuel building exhaust could also be aligned
through the filters. The containment purge design flow rate to the non-safety-related filters is
20,000 cfm. The design flow rate through a safety-related filter is 36,000 cfm. The containment
was modeled at various release flow rates between 2000 cfm and 80,000 cfm in order to bound all
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credible releases and maximize dose consequences. The fuel building modeling assumptions are
discussed in Section 14.4.1.3.1. The analysis results are not sensitive to release flows exceeding
36,000 cfm.

While the purge system is in operation, the air flow in the containment is as follows. Air
enters the containment through two 14,500-cfm fans and two 36-inch butterfly supply valves, and
is dispersed through the ring header outside the crane wall at Elevation 39 ft. 6 in. The air is
continuously recirculated inside the containment by three 75,000-cfm recirculation fans. The air is
purged from the containment through the ring header at Elevation -20 ft. outside the crane wall.
The air discharges through two 36-inch butterfly valves in series. The air then passes through the
auxiliary building filter banks and the two 36,000 cfm filter exhaust fans. Air is also assumed to
flow through the personnel airlock, equipment access hatch, and other containment penetrations
(if these are open).

The worst single failure would be either the inability to close one of the hatches or the loss
of the valve-closing circuit that closes the valves and secures the purge fans on an alarm from
either the manipulator crane monitor or the containment gas and particulate monitors. The two
output relays are sufficiently redundant to secure purge flow; however, a loss of power to this
circuit would cause them not to function. Failure to isolate containment or establish containment
closure could cause a release to the atmosphere with a boundary dose as calculated below. Even
though containment isolation, containment closure, and filtering of the release are not credited in
the analysis, the dose is still within allowable limits (Table 14.4-5).

The transit time for any released activity from the radiation detection point to the control
room normal ventilation system intake is assumed to be sufficiently long such that control room
manual isolation was modeled as occurring before any radioactive material reached the control
room air inlet. This assumption relies upon the operability of the manipulator crane area monitor
and the containment gas and particulate monitors in conjunction with communications to provide
a timely and valid indication of a FHA. The control room is then supplied with bottled air for
1 hour after the isolation.

At the end of 1 hour, procedures require the alignment of the control room emergency
ventilation system to provide a filtered air supply to the control room pressure envelope. This
analysis considered that one fan was operational which provides a control room intake flow rate of
1000 cfm from 1 hour through the end of the 30-day dose calculation period. Operation of
additional fans will not increase the consequences of the FHA. An unfiltered inleakage of 500 cfm
is assumed when the control room is isolated (0-30 days).

The control room χ/Q values were determined with ARCON96 (Reference 11)
methodology and meteorological data for the 1982 through 1986 time period. These values are
listed in Table 14.4-3. The control room occupancy factors in Table 14.4-4 were also incorporated
into the dose calculations to reflect that personnel would not be exposed to the released activity
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100% of the time over the entire 30 day period. The breathing rate used for the control room dose
calculations was 3.5 × 10-4 m3/sec.

More specific conservative assumptions are:

1. A puff release of radioactivity occurs as the result of the rupture of a fuel assembly in the
reactor fuel cavity. The puff release is instantaneously and uniformly distributed through
one-half the containment volume.

2. The manipulator crane area monitor is gamma radiation sensitive, so that it is not necessary
for it to be immersed in a radioactive cloud to detect radioactivity. Its position above the fuel
cavity (approximately 10 feet), unshielded from direct gamma rays from the cavity, enhances
its capability to detect an accident release immediately.

3. The containment closure is not credited even though the equipment hatch and the personnel
airlock will be capable of being closed, and all other containment penetrations will either be
closed, capable of being closed, or have an operable isolation valve.

4. The containment effluent flow rate is varied from 2000 to 80,000 cfm to bound the dose
consequences that result from the potential range of flow rates for the ventilation exhaust
system or natural circulation flow processes. The analysis results are not sensitive to release
flows exceeding 36,000 cfm.

5. The assumed volume of containment air with which the radioactive release is mixed is
931,500 ft3, or 50% of the containment volume.

6. The delay time from reactor shutdown to the initiation of fuel assembly transfer operations is
at least 100 hours.

7. The assembly radial peaking factor is 1.62, which is the appropriate peaking factor, including
uncertainties, for events (e.g., FHA) that do not employ the Statistical DNBR Evaluation
Methodology. This value is a multiplier applied to the batch average isotopic activity of
assemblies in the first and second cycle of irradiation to determine bounding activity in those
batches. Since assemblies in their third cycle can not achieve these power levels, a peaking
factor of 1.188 was applied to determine the bounding activity of that batch. The accident
analysis was performed using the most limiting fuel assembly, which was determined to be
from the second burned batch.

8. The number of fuel assemblies in the core is 157, which is distributed as 56 first burned, 56
second burned, and 45 third burned. However, the evaluation results are not sensitive to this
distribution.

9. 5.35 percent of the fuel assembly Iodine-131 activity is assumed to be released into the
reactor cavity water, as are five percent of the other iodine isotopes present in the fuel
assembly, 99.85% being elemental and 0.15% in the organic form. The decontamination
factor (DF) for elemental iodine is 500 while the DF for organic iodine is 1.
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10. Five percent of each of the noble gases present in the fuel assembly is released to the reactor
cavity pool, with the exception of Kr-85; 10% of Kr-85 is released. The DF of the water for
noble gases is 1.

11. The calculational method includes dose conversion factors for each isotope.

12. The χ/Q values used in the offsite dose analysis were calculated using the PAVAN
(Reference 10) methodology and are based on site specific meteorological data for the 1994
through 1998 time period. These χ/Q values are listed in Table 14.4-2.

13. For the first 8 hours, the breathing rate for offsite dose calculations was 3.5 × 10-4 m3/sec.
The breathing rates for the time periods from 8 to 24 hours and from 24 hours until the end of
the accident, were 1.8 × 10-4 m3/sec and 2.3 × 10-4 m3/sec respectively.

14. Site boundary distance = 1650 ft (minimum).

15. The assumed volume of the 45-ft elevation of the Auxiliary Building is 100,000 ft3. This
volume is used to dilute the release from the Containment Personnel Airlock prior to exiting
through the louvers on the east and west sides of the 45-ft elevation of the Auxiliary
Building.

The activity for the limiting fuel assembly is calculated using the following equation:

Fuel assembly activity (Ci) = Total activity in the second-burned batch normalized to core average 

power after a 100-hr decay × × 1.62.

14.4.1.2.2 Results

As was mentioned above, the containment effluent flow rate is varied from 2000 to
80,000 cfm to bound the dose consequences from the potential range of flow rates for the
ventilation exhaust system or natural circulation flow processes. The analysis results are not
sensitive to release flows exceeding 36,000 cfm. The results of the dose calculations due to a FHA
in the containment using the model and assumptions described above are summarized in
Table 14.4-5. In terms of the analysis described above, a fuel-handling accident in the
containment will not lead to EAB and LPZ doses exceeding the dose limits as specified in
Regulatory Guide 1.183. Also, the control room doses will not exceed the 10 CFR 50.67 dose
limit.

14.4.1.3 Fuel-Handling Accident in the Spent-Fuel Pool

If a fuel assembly is dropped in the spent-fuel pool in the fuel building, the increase in
radiation level as these radionuclides mix with the fuel building air will be detected by the two
radiation monitors located in the ventilation vent no. 2 or by the fuel pool bridge area monitor.

The fuel building exhaust may be diverted through the particulate and activated charcoal
filter banks during refueling operations but no filtration is credited in the analysis (Section 9.13).

1
56
------
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The monitors alarm on a high radiation level to indicate a possible dropped-fuel-assembly
incident.

14.4.1.3.1 Assumptions

To determine the quantity of radioactive material available for release, it is conservatively
assumed that the fuel assembly with the peak fission product inventory is the one damaged. The
inventory is based on maximum full power operation at the end of core life immediately preceding
shutdown and a conservative radial peaking factor which is applied to all fuel rods in the
assembly. Only that fraction of the fission products which migrates from the fuel matrix to the gap
and plenum regions of the fuel rods during normal operation is considered to be available for
immediate release into the water in the event of clad damage. The quantity of radioactive material
released subsequent to the immediate release is considered to be negligible compared to the
quantity released immediately after the Fuel Handling Accident (FHA).

The fuel radionuclide inventory was based on a core power level of 2605 MWt. This core
power level is conservative compared to 102% of the uprated power level of 2546 MWt (i.e.,
2597 MWt).

For analyses employing alternative source terms, the FHA is discussed in Section 15.0.1 of
the NRC’s Standard Review Plan and Regulatory Guide 1.183. The following assumptions were
made for the evaluation of the Surry control room and offsite doses due to a FHA.

1. The accident occurs 100 hours after shutdown. Surry Technical Specification 3.10 requires a
minimum 100-hour period between the shutdown of a unit and initiation of fuel movement,
so the use of a 100-hour time period is conservative. Radioactive decay of the fission product
inventory during the 100-hour interval between shutdown and the assumed commencement
of fuel handling is incorporated into the analysis.

2. The minimum water depth between the top of the damaged fuel rods and the water surface is
23 feet.

3. All of the gap activity in the damaged rods is released and consists of 5% of the total noble
gases other than Kr-85, 10% of the Kr-85, and 5% of the total radioactive iodine other than
I-131, and 5.35% of the I-131 in the rods at the time of the accident.

4. The values assumed for individual fission product inventories are calculated assuming full
power operation at the end of core life immediately preceding shutdown.

5. The iodine gap inventory is composed of 99.85% inorganic species and 0.15% organic
species.

6. The pool decontamination factors for the inorganic and organic species are 500 and 1,
respectively, giving an overall decontamination factor of 286 (i.e., 99.65% of the total iodine
released from the damaged rods is retained by the water).
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This difference in decontamination factors for inorganic and organic iodine species results in
the iodine above the fuel pool being composed of 57% elemental and 43% organic species.

7. The retention of the noble gases in the water is negligible.

8. After escaping from the spent fuel pool the effluent mixes with the fuel building atmosphere
before entering the ventilation system and being released to the atmosphere through
ventilation vent No. 2.

The amount of radioactive material which is released to the fuel building or containment
during a FHA at 100-hour period of decay is determined from this core inventory using the
following assumptions:

1. All rods in one fuel assembly are damaged.

2. There are 157 fuel assemblies in the Surry core, which is distributed as 56 first burned, 56
second burned, and 45 third burned. However, the evaluation results are not sensitive to this
distribution.

3. The assembly radial peaking factor is 1.62, which is the appropriate peaking factor, including
uncertainties, for events (e.g., FHA) that do not employ the Statistical DNBR Evaluation
Methodology. This value is a multiplier applied to the batch average isotopic activity of
assemblies in the first and second cycle of irradiation to determine bounding activity in those
batches. Since assemblies in their third cycle can not achieve these power levels, a peaking
factor of 1.188 was applied to determine the bounding activity of that batch. The accident
analysis was performed using the most limiting fuel assembly, which was determined to be
from the second burned batch.

4. Gap fractions as defined above.

5. Decontamination factors as defined above.

The resulting activities released to the fuel building or containment are given in
Table 14.4-1.

The LOCADOSE computer code system (Reference 9) was used to calculate doses for the
FHA. The model for this accident considered three distinct volumes: the environment, the spent
fuel building and the control room. The spent fuel building volume assumed is a conservatively
small value, which minimizes mixing of the radioactive material with the building atmosphere.
The following volumes were used in the FHA control room dose calculations:

Spent Fuel Building Volume 1.11 × 105 ft3

Control Room Volume 2.23 × 105 ft3

The release to the environment from the fuel building was modeled with various flow rates
ranging from 3500 cfm to 80,000 cfm, which were intended to bound the dose consequences that
result from the potential range of flow rates for the ventilation exhaust system. The analysis
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results are not sensitive to release flows exceeding 36,000 cfm. No credit is taken for filtration of
these releases.

The χ/Q values which were used to calculate the exclusion area boundary (EAB) and low
population zone (LPZ) doses were calculated using the PAVAN (NUREG/CR-2858) methodology
and were based on site specific meteorological data for the 1994 through 1998 time period. The
χ/Q values are listed in Table 14.4-2.

The transit time for any released activity from the radiation detection point at the water
surface to the control room normal ventilation system intake is assumed to be sufficiently long
such that control room manual isolation was modeled as occurring before any radioactive material
reached the control room air inlet. This assumption relies upon the operability of the fuel pit
bridge area monitor and the ventilation vent No. 2 gas and particulate monitors in conjunction
with communications to provide a timely and valid indication of a FHA. Upon manual isolation,
the control room is supplied with bottled air for 1 hour.

At the end of 1 hour, procedures require the alignment of the control room emergency
ventilation system to provide a filtered air supply to the control room pressure envelope. This
analysis considered that only one fan was operational which provides a control room intake flow
rate of 1000 cfm from 1 hour through the end of the 30-day dose calculation period. An unfiltered
inleakage of 500 cfm is assumed when the control room is isolated (0-30 days).

The control room χ/Q values were determined with the ARCON96 (Reference 11)
methodology and meteorological data for the 1982 through 1986 time period. These values are
listed in Table 14.4-3. The control room occupancy factors in Table 14.4-4 were also incorporated
into the dose calculations to reflect that personnel would not be exposed to the released activity
100% of the time over the entire 30 day period. The breathing rate used for the control room dose
calculations was 3.5 × 10-4 m3/sec which is consistent with Reference 13.

14.4.1.3.2 Results

The results of the dose calculations for the fuel handling accident in the spent fuel pool
using the model and assumptions described above are summarized in Table 14.4-5.

The EAB and LPZ doses for a FHA are less than the dose limits presented in Regulatory
Guide 1.183 as shown in Table 14.4-5. The control room doses for the FHA are less than the
10 CFR 50.67 limit, which is also indicated in Table 14.4-5.

14.4.1.3.3 Analysis for High-Density Spent-Fuel Racks

The use of high density fuel racks does not affect the dose consequences resulting from a
fuel handling accident in the spent fuel pool. Therefore the analysis provided in the Fuel Handling
Accident in the Spent Fuel Pool in Section 14.4.1.3 remains bounding for the use of high density
fuel storage racks.
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14.4.2 Radioactive Gas Release

The concentration of radioactive waste gases in the primary and auxiliary systems is a
function of the rate of fission gas release to the coolant from defective fuel and the rate of gas
removal by auxiliary systems. The components that retain significant concentrations of
radioactive gases are the volume control tank and the waste gas decay tanks. The radioactive
release analysis considers the rupture of the volume control tank and a waste gas decay tank with
an instantaneous release of the radioactive gas inventories of each tank to the environment.

14.4.2.1 Volume Control Tank Rupture

In this analysis, the volume control tank is assumed to rupture and release to the atmosphere
all the gases that have collected in the vapor space of the tank. Also released are all the gases in
the liquid inventory of the tank and in the volume of liquid that continues to flow into the tank
until it is isolated. Isolation is assumed to take 25 minutes, and the flow rate of the entering liquid
is assumed to be 160 gpm, a conservatively high letdown flow rate.

The maximum activities of the gases in the vapor space with 1% failed fuel are listed in
Table 9.1-6. The activities of the gases in the liquid are based on the reactor coolant equilibrium
activities with 1% failed fuel as listed in Table 9.1-4. For the accident analysis, activities in the
liquid have been corrected for density. The analysis follows the guidance of NRC Branch
Technical Position ETSB (Effluent Treatment Systems Branch) 11-5.

Using these sources and an atmospheric dispersion factor of 1.16 × 10-3 sec/m3, and
assuming a puff ground level release, the two-hour whole-body dose at the EAB is below the
10 CFR 100 limit, and below the 0.5 REM limit contained in Branch Technical Position 11-5.

14.4.2.2 Waste Gas Decay Tank (WGDT) Rupture

Surry has two Waste Gas Decay Tanks that collect the gases stripped from the primary
coolant system by the primary coolant clean-up systems. One tank is charged with waste gases
being removed from the primary system while the other tank is used to hold up the gases for decay
and controlled release. The analysis of doses from rupture of a WGDT assumes rupture of a
WGDT with the release of the maximum inventory allowed by Technical Specifications.

14.4.2.2.1 WGDT Analysis Assumptions

The whole body EAB dose from the rupture of a WGDT was determined based on a puff
release as the product of the (l) curies released, (2) dose conversion factor for Xe-133 and
(3) EAB χ/Q. This analysis does not require any computer code. As explained in Reference 15,
the WGDT control room dose was bounded by doses determined for other accident conditions.
Although some iodine may be present in the tank, the amount are orders of magnitude below
those considered for other accidents.
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14.4.2.2.2 Dose Analysis for WGDT Rupture

The maximum WGDT inventory allowed by Surry Technical Specification 3.11 is
24,600 curies, (considered as Xe-133). The χ/Q for the EAB is 1.16 × 10-3 sec/m3. The whole
body dose conversion factor for Xenon-133 is 9.316 × 10-3 rem-m-3/Ci-sec. A puff release of the
maximum WGDT inventory allowed by Technical Specifications results in a whole body EAB
dose less than 0.5 Rem.

14.4.3 Radioactive Liquid Release

Accidents in the auxiliary systems that could result in the release of waste liquids must
necessarily involve the rupture or leaking of various pipelines, valves, tanks, and pumps.

All liquid processing components are located within the auxiliary building, fuel building,
decontamination building, radwaste facility, and station yard area. Any liquid leakage or release
from these components is collected in sumps and pumped to the liquid waste disposal systems
(Section 11.2.3) or flows directly to the vent and drain system (Section 9.7). The auxiliary
building and fuel building are of Class I design. The below ground levels of the radwaste facility
are seismically designed to the requirements of RG 1.143.

The boron recovery tanks are located in the station yard area in separately diked enclosures,
each of which is of sufficient capacity to retain the total liquid volume resulting from the rupture
of one boron recovery tank without any overflow to areas outside the enclosure. The collected
liquid is pumped either to the unruptured boron recovery tanks or to the liquid waste disposal
systems. The diked enclosure is of Class I design.

Piping running between the auxiliary building and the reactor containment, between the
auxiliary and fuel buildings, between the fuel building and the tanks in the yard area, and between
the auxiliary building and the radwaste facility is situated below grade in concrete trenches or in
special piping conduits. Liquids spilled or released from such piping are collected in sumps and
pumped into the liquid waste disposal system. Accordingly, a release of waste liquids would be
contained within the station and would not result in an uncontrolled release to the environment.
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Table 14.4-1
ACTIVITY RELEASED TO THE CONTAINMENT OR FUEL BUILDING

Isotope Activity Released (Ci)

Elemental I-130 1.194E-02
Elemental I-131 5.083E+01
Elemental I-132 3.958E+01
Elemental I-133 4.824E+00
Elemental I-135 3.476E-03
Organic I-130 8.972E-03
Organic I-131 3.818E+01
Organic I-132 2.973E+01
Organic I-133 3.623E+00
Organic I-135 2.611E-03
Kr-85 8.023E+02
Kr-88 5.013E-07
Kr-83m 4.331E-09
Kr-85m 1.467E-03
Xe-133 4.582E+04
Xe-135 8.409E+01
Xe-131m 3.575E+02
Xe-133m 8.529E+02
Xe-135m 2.789E-01
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Table 14.4-2
ATMOSPHERIC DISPERSION FACTORS (χ/Qs) FOR OFFSITE CALCULATIONS

Receptor Time Period χ/Q value
EAB 0-2 hr 4.61E-03
LPZ 0-8 hr 2.01E-04

8-24 hr 1.22E-04
24-96 hr 4.18E-05
96-720 hr 8.94E-06

Table 14.4-3
ATMOSPHERIC DISPERSION FACTORS (χ/Qs) FOR CONTROL ROOM CALCULATIONS

Time Period

Containment 
Equipment Access 

Hatch
χ/Q value a

Containment Personnel 
Airlock

χ/Q value a

Fuel Building & 
Containment Purge

χ/Q value b

0-2 hours 6.74E-04 1.07E-03 6.97E-04
2-8 hours 5.18E-04 9.03E-04 5.43E-04
8-24 hours 2.22E-04 3.87E-04 2.31E-04
24-96 hours 1.66E-04 2.73E-04 1.71E-04
96-720 hours 1.20E-04 1.87E-04 1.22E-04

a. Releases through penetrations that terminate in the Auxiliary Building and Safeguards have been 
modeled by a bounding release from either the Containment Equipment Access Hatch or the 
Containment Personnel Airlock depending upon the location of the penetration.

b. Both the Fuel Building and Containment Purge exhaust through Ventilation Vent No. 2. The 
Containment Purge release is bounded by releases from the Containment Personnel Airlock because 
the Atmospheric Dispersion Factors are more limiting.
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Table 14.4-4
CONTROL ROOM OCCUPANCY FACTORS

0-8 hours 1.0
8-24 hours 1.0
24-96 hours 0.6
96-720 hours 0.4

Table 14.4-5
FHA CONTROL ROOM AND OFFSITE DOSES

Release Point

Control Room
30-day Dose

(REM TEDE)

EAB Worst 
2-hour Dose

(REM TEDE)

LPZ 30-day
Dose

(REM TEDE)
Containment Personnel Airlock 0.45 6.25 0.27
Containment Equipment Access Hatch 0.28 6.21 0.27
Fuel Building 0.30 6.27 0.27
Regulatory Guideline Value a 5.0 6.3 6.3

a. 10 CFR Part 50.67 establishes TEDE dose limits for the EAB, the outer boundary of the LPZ, and 
for the control room for use with the alternate source term. The specified offsite dose limits are 
stated for evaluating reactor accident of exceedingly low probability of occurrence and low risk of 
public exposure to radiation, e.g., a large-break LOCA. For events with a higher probability of 
occurrence, e.g., FHA postulated EAB and LPZ doses should not exceed the limits established in 
RG 1.183. The 10 CFR 50.67 control room criterion applies to all accidents.
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14.5 LOSS-OF-COOLANT ACCIDENT

14.5.1 Major Reactor Coolant System Pipe Ruptures (Large Break Loss-of-Coolant 
Accident)

14.5.1.1 General

An analysis of the Emergency Core Cooling System (ECCS) performance for the postulated
large-break loss of coolant accident (LOCA) has been performed in compliance with Appendix K
to 10 CFR 50. The results of this reanalysis are presented herein, and are in compliance with
10 CFR 50.46, Acceptance Criteria for Emergency Core Cooling Systems for Light Water
Reactors. This analysis was performed with the NRC-approved version of the Westinghouse
LOCA-ECCS evaluation model denoted as the 1981 model with BASH (References 1 & 2). The
analytical techniques used are in full compliance with 10 CFR 50, Appendix K.

As required by Appendix K of 10 CFR 50, certain conservative assumptions were made for
the LOCA-ECCS analysis. The assumptions pertain to the conditions of the reactor and associated
safety system equipment at the time that the LOCA is assumed to occur and include such items as
the core peaking factors, the containment pressure, and the performance of the Emergency Core
Cooling System. The key input parameters and assumptions from the analysis are listed below.
Each is described more fully in Section 14.5.1.4.

• Uprated core power of 2546 MWt,

• Assumption of 15% uniform steam generator tube plugging (SGTP) (supports operation
with a peak SGTP of 15% in any SG),

• Improved spacer grid heat transfer model,

• Containment accumulator water temperature of 105°F,

• Safety Injection (1 HHSI + 1 LHSI) spilling to 0 psig containment pressure,

• Peak Heat Flux Hot Channel Factor, FQ, of 2.32,

• Peak Enthalpy Hot Channel Factor, FΔh, of 1.62,

• Hot assembly relative power factor of 1.465,

• Assumed fuel temperature and rod internal pressure associated with core average burnup
of 500 MWD/MTU,

• Surry Improved Fuel (SIF) with the ZIRLO™ cladding and the PERFORMANCE+
design features, and

• Incorporation of skewed axial power distribution evaluation methodology.
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Selection of input parameters for Appendix K analyses is made to represent an
appropriately conservative configuration of the plant initial conditions. This was accomplished by
assuming bounding input values for key parameters such as core power, FΔh, FQ, steam generator
tube plugging, and RCS flow. The current analysis assumed nominal values for RCS temperatures
and accumulator water volume, consistent with current approved Westinghouse LOCA analysis
methods. Assumed delivery of nominal accumulator tank volume only, together with the
minimum accumulator pressure assumption, represents a condition which would be conservative
for typical plant operating conditions.

Although LOCA analysis assumptions do not explicitly bound each plant parameter
individually, analysis methods used ensure conservative results over the range of allowed
Technical Specification parameter values. This is accomplished by selecting limiting values of
parameters which have known impact upon results; for other parameters, nominal values are used.
It can thus be concluded that, in the aggregate, the analysis is conservative and acceptable for all
realistic plant operational configurations as currently defined.

14.5.1.2 Design Basis Accident

A LOCA is the result of a rupture of the reactor coolant system (RCS) piping or of any line
connected to the system. Sensitivity studies (Reference 5) have indicated that a double-ended
cold-leg guillotine (DECLG) pipe break is limiting. A revision to General Design Criterion 4
(GDC-4) was issued by the NRC effective May 12, 1986. In accordance with the revised rule,
consideration of the dynamic effects of RCS pipe rupture may be eliminated as a design basis
provided the “Leak Before Break” (LBB) analyses demonstrate that any flaw in the RCS primary
loop piping which grew would become a through-wall crack with detectable leakage allowing
shutdown of the plant long before a rupture would occur. LBB fracture mechanics analyses
applicable to Surry have been accepted by the NRC and, in accordance with Amendment 108 to
the Surry operating license, consideration of the dynamic effects of a LOCA is no longer part of
the design basis. However, this change to the design basis does not affect the ECCS design basis
or engineered safety feature system response. Therefore, the pipe rupture LOCA condition will
still remain as a design basis for safety related systems in the RCS and conservatively envelopes
all other accidents.

Should a DECLG break occur, rapid depressurization of the reactor coolant system occurs.
The reactor trip signal subsequently occurs when the pressurizer low-pressure trip setpoint is
reached. A safety injection system (SIS) signal is actuated when the appropriate setpoint is
reached and the high-head safety injection pumps are activated. The actuation and subsequent
activation of the Emergency Core Cooling System, which occurs with the SIS signal, assumed the
most limiting single-failure event. These countermeasures will limit the consequences of the
accident in two ways:

1. Reactor trip and borated water injection complement void formation in causing rapid
reduction of power to a residual level corresponding to fission product decay heat. No credit
is taken in the analysis for the insertion of control rods to shut down the reactor.
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2. Injection of borated water provides heat transfer from the core and prevents excessive clad
temperature.

Before the break occurs, the unit is in an equilibrium condition (i.e., the heat generated in
the core is being removed via the secondary system. During blowdown, heat from fission product
decay, hot internals, and the vessel continue to be transferred to the reactor coolant system). At the
beginning of the blowdown phase, the entire reactor coolant system contains subcooled liquid that
transfers heat from the core by forced convection with some fully developed nucleate boiling.
After the break develops, the time to DNB is calculated, consistent with Appendix K of
10 CFR 50. Thereafter, the core heat transfer is based on local conditions with transition boiling
and forced convection to steam as the major heat transfer mechanisms.

During the refill period, it is assumed that rod-to-rod radiation is the only core heat transfer
mechanism. The heat transfer between the reactor coolant system and the secondary system may
be in either direction, depending on the relative temperatures. For the case of continued heat
addition to the secondary side, secondary-side pressure increases and the main safety valves may
actuate to reduce the pressure. Makeup to the secondary side is automatically provided by the
auxiliary feedwater system. Coincident with the safety injection signal, normal feedwater flow is
stopped by closing the main feedwater control valves and tripping the main feedwater pumps. The
secondary-side flow aids in the reduction of RCS pressure. When the reactor coolant system
depressurizes to 600 psia (nominal), the accumulators begin to inject borated water into the
reactor coolant loops. The conservative assumption is then made that injected accumulator water
bypasses the core and goes out through the break until the termination of bypass. This
conservatism is again consistent with Appendix K of 10 CFR 50. In addition, the reactor coolant
pumps are assumed to be tripped at the initiation of the accident, and effects of pump coastdown
are included in the blowdown analysis.

The water injected by the accumulators cools the core, and subsequent operation of the
low-head safety injection pumps supplies water for long-term cooling. When the refueling water
storage tank (RWST) is nearly empty, long-term cooling of the core is accomplished by switching
to the recirculation mode of core cooling, in which the spilled borated water is drawn from the
containment sump by the low-head safety injection pumps and returned to the reactor vessel.

The containment spray system and the recirculation spray system operate to return the
containment environment to subatmospheric pressure.

14.5.1.3 Method of Analysis

The large-break LOCA transient is divided, for analytical purposes, into three phases:
blowdown, refill, and reflood. There are three distinct transients analyzed in each phase, including
the thermal-hydraulic transient in the reactor coolant system, the pressure and temperature
transient within the containment, and the fuel clad temperature transient of the hottest fuel rod in
the core. Based on these considerations, a system of interrelated computer codes has been
developed for the analysis. These codes assess whether sufficient heat transfer geometry and core
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amenability to cooling are preserved during the time spans applicable to the blowdown, refill, and
reflood phases of the LOCA.

The description of the various aspects of the LOCA analysis methodology is given in
Reference 6. This document describes the major phenomena modeled, the interfaces among the
computer codes, and the features of the codes that ensure compliance with 10 CFR 50,
Appendix K. The SATAN-VI, COCO, WREFLOOD, BASH, and LOCBART codes, which are
used in the LOCA analysis, are described in detail in References 7, 8, 9, and 2, respectively.
BASH and LOCBART are described together in Reference 2.

In the 1981 model with BASH, the SATAN-VI computer code analyzes the
thermal-hydraulic transient in the reactor coolant system during blowdown, and the COCO
computer code calculates the containment pressure transient during all three phases of the LOCA
analysis. The thermal-hydraulic response of the reactor coolant system during refill is calculated
by the WREFLOOD code; for the reflood phase, this response is calculated by the BASH code.
Internal to the BASH code is the previously approved BART model, which is used to provide a
mechanistic estimate of the heat transfer coefficient in the core during reflood. The LOCBART
computer code is used to compute the thermal transient of the hottest fuel rod during the three
phases.

An improvement to the BASH Evaluation Model codestream is described in Reference 58.
The improved codestream provides for an interactive calculation between the BASH and COCO
codes. The containment pressure methodology during the blowdown phase of the transient has not
been changed. The refill transient portion of the WREFLOOD code, which calculates the RCS
behavior during vessel lower plenum refill following the end of blowdown, has been
reprogrammed as a separate, but identical code (REFILL), which also runs interactively with the
COCO code.

A further improvement in the BASH Evaluation Model codestream is described in
Reference 59. With the improved codestream, the REFILL and LOCTA codes have been
incorporated directly into the BASH code as subroutine modules. This eliminates all external
transfer of data between these codes, and the need to perform two COCO calculations. In
conjunction with this merging of codes, efforts were made to minimize any remaining
code-to-code data transfer and to streamline and optimize some internal operations in the coding.
The newly combined codes are configured as a single code which is identified as a new version of
BASH.

The improved BASH codestream is described as follows:

SATAN-VI is used to determine the RCS pressure, enthalpy, and density, as well as the mass
and energy flow rates in the reactor coolant system and steam generator secondary side, as a
function of time during the blowdown phase of the LOCA. SATAN-VI also calculates the
accumulator mass and pressure, as well as the pipe break mass and energy flow rates that are
assumed to be vented to the containment during blowdown. At the end of the blowdown, the mass
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and energy release rates during blowdown are transferred to the COCO code for use in the
determination of the containment pressure response during this first phase of the LOCA.
Additional SATAN-VI output data from the end of the blowdown, including the core inlet flow
rate and enthalpy, the core pressure, and the core power decay transient, are input to the
LOCBART code.

With input from the SATAN-VI code, BASH is used to determine the vessel flooding rate,
the coolant pressure and temperature, and the quench of vessel metal mass during the refill phase
of the LOCA (time period from end of blowdown to that time when flow enters the bottom of the
core). Once the vessel has refilled to the bottom of the core, the reflood portion of the transient
begins. Information is taken from the REFILL code characterizing the thermal-hydraulic status of
the vessel at this time, as well as the containment backpressure transient as calculated by COCO
and input into the BASH code. The BASH code is used to calculate the thermal-hydraulic
simulation of the RCS for the reflood phase. BASH also calculates the mass and energy flow rates
that are assumed to be vented to the containment for the refill and reflood phases. Since the mass
flow rate to the containment depends upon the core pressure, which is a function of the
containment back-pressure, the BASH and COCO codes are interactively linked.

The COCO code, which is also used throughout the LOCA analysis, calculates the
containment pressure. Input to COCO is obtained from the mass and energy flow rates assumed to
be vented to the containment, as calculated by the SATAN-VI and BASH codes. In addition,
conservatively chosen initial containment conditions and an assumed mode of operation for the
containment cooling system are input to COCO. These initial containment conditions and
assumed modes of operation are provided in Table 14.5-2.

LOCBART is used throughout the analysis of the LOCA transient to calculate the fuel and
clad temperature of the hottest rod in the core. The input to LOCBART consists of appropriate
thermal-hydraulic outputs from SATAN-VI and BASH, and conservatively selected initial RCS
operating conditions. These initial conditions are summarized in Table 14.5-1 and Figure 14.5-1.
Using this information as boundary conditions, LOCBART computes the fluid conditions and
heat transfer coefficient for the full length of the fuel rod by employing mechanistic models
appropriate to the actual flow and heat transfer regimes.

With the improvements to the BASH codestream in References 58 and 59, no changes have
been made to any of the approved physical models or basic techniques that form the basis of the
methodology. However, these revisions to the BASH codestream can produce small changes to the
results calculated by the improved codestream.

Larger break LOCA analyses have been traditionally performed using a symmetric,
chopped cosine, core axial power distribution. In Reference 60, Westinghouse informed the NRC
of the withdrawal of the Westinghouse Power Shape Sensitivity Model (PSSM) topical
(Reference 61) effective October 30, 1995. This power shape methodology had been employed to
support Reload Safety Evaluations (RSEs). Westinghouse further indicated that future large break
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LOCA analysis with the 1981 model with BASH (Reference 2) would incorporate the explicit
analysis approach to skewed power shapes as described in Reference 10. This analysis employs
the Reference 10 explicit analysis methodology.

14.5.1.4 Analysis Assumptions

As required by Appendix K of 10 CFR 50, certain conservative assumptions were made for
the Large Break LOCA-ECCS analysis. The assumptions pertain to the condition of the reactor
and associated safety system equipment at the time that the LOCA is assumed to occur and
include such items as the core peaking factors, core decay heat, and the performance of the
Emergency Core Cooling System. Tables 14.5-1 and 14.5-2 present the values assumed for
several key parameters in this analysis. Assumptions and initial operating conditions which reflect
the requirements of Appendix K to 10 CFR 50 have been used in this analysis. These assumptions
include:

1. The break is located in the cold leg between the pump discharge and the vessel inlet.

2. The safety injection flow spills to containment back pressure in the broken loop. Safety
injection occurs only in the intact loops cold legs.

3. The accumulator in the broken loop also spills to containment.

4. 120% of 1971 ANS decay heat is assumed following reactor trip.

5. Initial power is 102% of the full core power to account for the calorimetric uncertainty.

Several additional assumptions which are specific to the large break LOCA reanalysis are
described in the following paragraphs.

The analysis assumes an uprated core power of 2546 MWt with the associated primary and
secondary system parameters. Since large break LOCA results are sensitive to SGTP, the analysis
assumes that 15% of the tubes in each steam generator are plugged to accommodate potential
future tube plugging. The analysis also assumes an RCS total flowrate of 265,500 gpm.

Consistent with the current Westinghouse Evaluation Model input assumptions in
Reference 12, the assumed initial accumulator water temperature is 105°F. The water temperature
in each accumulator is assumed to equal the temperature in the surrounding containment
compartment during full power operation. At Surry Power Station, the accumulators are located
on the containment floor. A review of temperature detector data at this location has confirmed that
a temperature of 105°F is a representative conservative nominal value for use in large break
LOCA analysis, as defined in Reference 12.

The Surry analysis uses a corrected version of the LOCBART code, which is part of the
BASH Evaluation Model (EM). Westinghouse has corrected and improved the spacer grid heat
transfer model used in the BART and BASH ECCS Evaluation Models (Reference 13). Since this
model change is primarily a correction to the EM, it has been implemented in all versions of the
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BART and BASH EMs without prior NRC review. This process for addressing model changes is
documented in WCAP-13451 (Reference 14).

The safety injection (HHSI and LHSI) is assumed to spill to 0 psig containment pressure
and that the LBLOCA occurs in the RCS cold leg receiving the largest LHSI flow. The analysis
also assumed degraded LHSI flow performance data which are conservatively lower than previous
LHSI test results from Surry. The performance data used in this analysis was benchmarked to a
LHSI flow of 3029 gpm for the three lines delivering to a RCS backpressure of 0 psig (14.7 psia)
with a full RWST.

The analysis assumed a reference cosine axial power distribution with a peak Heat Flux Hot
Channel Factor, FQ(z), value of 2.32. The analysis also considered three skewed axial power
shapes as required under the explicit analysis methodology. In addition, the analysis assumed a
slightly higher hot assembly relative power factor of 1.465. This was required to bound the
anticipated characteristics of the low-low leakage loading patterns at Surry.

As required by Technical Specification 6.2.C, the Core Operating Limits Report (COLR)
documents the applicable limit values of key core-related parameters for each reload core. The
COLR will specify the appropriate limits which account for all design considerations which are
relevant for large break LOCA effects.

The large break LOCA analysis models a full core of Surry Improved Fuel (SIF) with debris
resistance features (Reference 15) described in Section 3.5.2.1. For a given peaking factor, the
only mechanism available to cause a transition core to have a greater calculated PCT than a full
core of either fuel (i.e., SIF without or with the debris resistance features) is the possibility of flow
redistribution due to fuel assembly hydraulic resistance mismatch. This hydraulic resistance
mismatch may exist only for transition cores and is the only unique difference between a complete
core of either fuel type and the transition core. Reference 15 indicates that there is no discernible
impact on the overall core pressure drop and flow rate due to the inclusion of debris resistance
features in the Surry fuel assemblies. For the Surry transition from 15 x 15 SIF fuel without the
debris resistance features to a mixed core of 15 x 15 SIF fuel with these features, it is not
necessary to apply a LOCA analysis transition core penalty.

This analysis assumed a water volume of 1000 ft3 per accumulator. Reference 17 presented
a sensitivity analysis with the accumulator volume as a parameter for the range of 975 ft3 to
1025 ft3. It was demonstrated that the accumulator water volume in the range of 975 ft3, which
was the limiting case, had no significant impact on the calculated results of the LBLOCA
analysis. Based on this evidence, the NRC in Reference 16 approved a Technical Specifications
amendment to allow the accumulator water volume to vary between 975 ft3 and 1025 ft3 per
accumulator.

Using these assumptions, it has been demonstrated that operation at the uprated thermal
power of 2546 MWt with SGTP up to 15% in any SG will comply with the acceptance criteria
specified in 10 CFR 50.46.
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14.5.1.5 Results

Tables 14.5-1 and 14.5-2 and Figure 14.5-1 present the initial conditions and modes of
operation that were assumed in the analysis. Table 14.5-3 presents the time sequence of events,
and Table 14.5-4 presents the results for the double-ended cold-leg guillotine break for the
CD = 0.4 and 0.6 discharge coefficients. The double-ended cold-leg guillotine break has been
determined to be the limiting break size and location based on the sensitivity studies reported in
Reference 5. The analysis results demonstrate that the limiting PCT occurs assuming a discharge
coefficient of 0.4. This result is consistent with prior LBLOCA analyses using approved
Westinghouse evaluation models. The analysis resulted in a limiting peak clad temperature of
2117ºF, a maximum local cladding oxidation level of 4.39%, and a total core metal-water reaction
of less than 1.0% for the CD = 0.4 case. The detailed results of the base LOCA analysis are
provided in Tables 14.5-3 through 14.5-5 and Figures 14.5-1 through 14.5-37. The figures show
the following:

1. Axial Power Shape—Figure 14.5-1 shows the cosine power shape used in this analysis. The
chopped-cosine power shape was found to bound the potential skewed axial power shapes.

2. Core Mass Flow—Figures 14.5-2 and 14.5-3 show the calculated core flow, both top and
bottom.

3. Core Pressure—Figures 14.5-4 and 14.5-5 show the calculated pressure in the core.

4. Accumulator Mass Flow—Figures 14.5-6 and 14.5-7 show the calculated accumulator flow.
The accumulator delivery during blowdown is discarded until the end of bypass is calculated.
Accumulator flow, however, is established in the refill-reflood calculations. The accumulator
flow assumed is the sum of that injected in the intact cold legs.

5. Core Pressure Drop—Figures 14.5-8 and 14.5-9 show the calculated core pressure drop. The
core pressure drop is interpreted as the pressure immediately before entering the core inlet to
the pressure just outside the core outlet.

6. Break Mass Release—Figures 14.5-10 and 14.5-11 show the calculated flowrate out of the
break. The flowrate out of the break is plotted as the sum of flow at both the pressure vessel
end and the reactor coolant pump end of the guillotine break.

7. Break Energy Release—Figures 14.5-12 and 14.5-13 show the break energy released to the
containment for the discharge coefficient used.

8. Core Power—Figures 14.5-14 and 14.5-15 show the core power transient calculated by the
SATAN-VI code.

9. Containment Wall Heat Transfer Coefficient—Figures 14.5-16 and 14.5-17 show the
containment wall heat transfer coefficient.

10. Containment Pressure—Figures 14.5-18 and 14.5-19 show the calculated pressure transient.
The analysis of this pressure transient is based on the containment data, reflood mass and
energy release, and accumulator flow to containment.
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11. Pumped ECCS Flow (Reflood)—Figures 14.5-20 and 14.5-21 show the calculated flow of
the emergency core cooling system.

12. Core and Downcomer Water Levels—Figures 14.5-22 and 14.5-23 show the reactor vessel
downcomer and core water levels.

13. Raw Flooding Rate Integral—Figures 14.5-24 and 14.5-25 show the raw flooding rate
integral and smoothed line segment integral used in the LOCBART calculations.

14. Core Flooding Rate—Figures 14.5-26 and 14.5-27 show the resulting line segment integrals
from previous figures.

15. Hot Rod Clad Average Temperature—Figures 14.5-28 and 14.5-29 show the calculated
hot-spot clad temperature transient and the clad temperature transient at the burst location
(only one line is shown since the hot spot location is identical to the burst location).

16. Vapor Temperature—Figures 14.5-30 and 14.5-31 show the calculated vapor temperature for
the hot spot and burst locations (only one line is shown since the hot spot location is identical
to the burst location).

17. Hot Rod Heat Transfer Coefficient—Figures 14.5-32 and 14.5-33 show the heat transfer
coefficient at the hot spot location on the hottest rod.

18. Hot Rod Mass Flux—Figures 14.5-34 and 14.5-35 show the mass velocity at the hot-spot
location on the hottest fuel rod.

19. Hot Rod Fluid Quality - Figures 14.5-36 and 14.5-37 show the fluid quality at the hot-spot
location on the hottest fuel rod for the discharge coefficient used.

14.5.1.6 Post Analysis of Record Evaluations

In addition to the analyses presented in this section, evaluations and reanalyses may be
performed as needed to address computer code errors and emergent issues, or to support plant
changes. The issues or changes are evaluated, and the impact on the peak clad temperature (PCT)
is determined. The resultant increase or decrease in PCT is applied to the analysis of record PCT.
The PCTs, including all penalties and benefits, are presented in Table 14.5-5 for the large break
LOCA. The resultant PCT is demonstrated to be less than the 10 CFR 50.46(b) requirement of
2200°F (Reference 55).

In addition, 10 CFR 50.46 requires that licensees assess and report the effect of changes to
or errors in the evaluation models used in loss-of-coolant accident analyses. These reports
constitute addenda to the analysis of record provided in the UFSAR until the overall changes
become significant as defined by 10 CFR 50.46. If the assessed changes or errors in evaluation
models result in significant changes in calculated peak cladding temperature, a schedule for
formal reanalysis or other action as needed to show compliance will be addressed in the report to
the NRC. Section 14.5 of the UFSAR will be revised following formal reanalysis.
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Finally, the criteria of 10  CFR 50.46 requires that holders and users of the evaluation
models to establish a number of definitions and processes for assessing changes in the models or
their use. Westinghouse, in consultation with the Westinghouse Owner’s Group (WOG), has
developed an approach for compliance with the reporting requirements. This approach is
documented in WCAP-13451, Westinghouse Methodology for Implementation of 10 CFR 50.46
Reporting (Reference 39). Virginia Power provides the NRC with annual and 30-day reports, as
applicable, for Surry Power Station. Virginia Power intends to provide future reports required by
10 CFR 50.46 consistent with the approach described in Reference 39.

Reference 56 provides the recent compilation for the large break LOCA analysis.

14.5.1.7 Conclusions

For breaks up to and including the double-ended rupture of a reactor coolant pipe, the
operating conditions specified in Tables 14.5-1 and 14.5-2, and the fuel design described in
Section 3.5.2.1, the emergency core cooling system will meet the acceptance criteria as presented
in 10 CFR 50.46, as follows:

1. The calculated peak fuel rod clad temperature is below the requirement of 2200°F.

2. The amount of fuel element cladding that reacts chemically with water or steam does not
exceed 1% of the total amount of zirconium in the reactor.

3. The clad temperature transient is terminated at a time when the core geometry is still
amenable to cooling. The localized cladding oxidation limits of 17% are not exceeded during
or after quenching.

4. The core remains amenable to cooling during and after the break.

5. The core temperature is reduced and the long-term decay heat is removed for an extended
period of time.

6. Accumulator water volumes in the range of 975 ft3 to 1025 ft3 per accumulator have no
significant impact on the results of the analysis and, therefore, the emergency core cooling
system continues to meet the 10 CFR 50.46 acceptance criteria for water volumes in this
range.

14.5.1.8 Impact of Steam Generator Flow Area on Large Break Loss-of-Coolant Accident

Each PWR is required to provide analytical and experimental evidence that steam generator
tube integrity will be maintained for the combinations of the loads resulting from a LOCA with
the loads from a safe shutdown earthquake (SSE). These loads are combined for added
conservatism in the calculation of structural integrity.

Analyses performed by Westinghouse in support of the above requirement for various
utilities, combined the most severe LOCA loads with the plant specific SSE. Generally, these
analyses showed that while tube integrity was maintained, the combined loads led to some tube



Revision 39—09/27/07 SPS UFSAR 14.5-11
 

deformation. This deformation reduces the flow area through the steam generator. The reduced
flow area increases the resistance through the steam generator to the flow of steam from the core
during a LOCA, which potentially could increase the calculated PCT.

The ability of the steam generator to continue to perform its safety function was established
by evaluating the effect of the resulting flow area reduction on the LOCA PCT. The postulated
break examined was the steam generator outlet break, because this break was judged to result in
the greatest loads on the steam generator, and thus the greatest flow area reduction. It was
concluded that the steam generator would continue to meet its safety function because the degree
of flow area reduction was small, and the postulated break at the steam generator outlet resulted in
a low PCT.

In considering the effect of the combination of LOCA + SSE loadings on the steam
generator, it was determined that the potential for flow area reduction due to the contribution of
SSE loadings should be included in other LOCA analyses. With SSE loadings, flow area
reduction may occur in all steam generators (not just the faulted loop). Therefore, it was
concluded that the effects of flow area reduction during the most limiting primary pipe break
affecting LOCA PCT, i.e., the reactor vessel inlet break (or cold leg break LOCA), had to be
evaluated to confirm that 10 CFR 50.46 limits continue to be met and that the affected steam
generators will continue to perform their intended safety function.

Detailed analyses which provide an estimate of the degree of flow area reduction due to
both seismic and LOCA forces are not available for all steam generators. The information that
does exist indicates that the flow area reduction may range from 0 to 7.5 percent, depending on
the magnitude of the postulated forces, and accounting for uncertainties. It is difficult to estimate
the flow area reduction for a particular steam generator design, based on the results of a different
design, due to the differences in the design and materials used for the tube support plates.

While a specific flow area reduction has not been determined for some earlier design steam
generators, the risk associated with flow area reduction and tube leakage from a combined seismic
and LOCA event has been shown to be exceedingly low. Based on this low risk, it is considered
adequate to assume, for those plants that do not have a detailed analysis, that 5 percent of the
tubes are susceptible to deformation.

The effect of potential steam generator flow area reduction on the cold leg break LOCA
peak cladding temperature has been either analyzed or evaluated for each Westinghouse plant.
Based on this generic analysis, a total steam generator tube reduction equivalent to 5% tube
plugging was allocated as a permanent assessment for those plants that do not have a detailed
analysis (Reference 62). The 5% steam generator tube plugging reduction will be used to account
for the effects of a combined LOCA + SSE at Surry.
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14.5.2 Loss of Reactor Coolant From Small Ruptured Pipes or From Cracks in Large 
Pipes, Which Actuates Emergency Core Cooling System (Small Break 
Loss-of-Coolant Accident Analysis)

14.5.2.1 General

A reanalysis of the Emergency Core Cooling System (ECCS) performance for the
postulated small-break LOCA (SBLOCA) has been performed in compliance with Appendix K to
10 CFR 50. The results of this reanalysis are in compliance with 10 CFR 50.46. This analysis was
performed with the NRC-approved NOTRUMP code (Reference 35) of the Westinghouse
LOCA-ECCS evaluation model (Reference 36). The thermal behavior of the fuel was analyzed
using the LOCTA-IV code (Reference 37). The details of the small break LOCA analysis are
documented in Reference 51.

14.5.2.2 Identification of Causes and Accident Description

A LOCA can result from a rupture of the reactor coolant system (RCS) or of any line
connected to that system up to the first isolation valve. Ruptures of small cross section will cause
expulsion of the coolant at a rate that can be accommodated by the charging pumps. Breaks of
greater size (up to 1 ft2 area) are defined as small breaks and are analyzed with the NOTRUMP
computer code. A rupture in the reactor coolant system results in the discharge to the containment
of reactor coolant and associated energy. The result of this discharge is a decrease in coolant
pressure in the reactor coolant system and an increase in containment temperature and pressure.
The reactor trip signal subsequently occurs when the pressurizer low pressure trip setpoint is
reached. A safety injection system (SIS) signal is actuated when the pressurizer low-low pressure
setpoint is reached, activating the high head safety injection pumps. The SIS actuation and
subsequent activation of the Emergency Core Cooling System, which results from the SIS signal,
assumes the most limiting single failure of ECCS equipment.

Before the break occurs, the unit is assumed to be in an equilibrium condition, (i.e., the heat
generated in the core is being removed via the secondary system). In the small break LOCA, the
blowdown phase of the small break occurs over a long time period. Thus for a small break LOCA,
there are three characteristic stages: (1) a gradual blowdown in which the decrease in water level
is checked by the inventory replenishment associated with safety injection, (2) core recovery, and
(3) long-term recirculation. The heat transfer between the reactor coolant system and the
secondary system may be in either direction, depending on the relative temperature. For the case
of continued heat addition to the secondary side, the secondary side pressure increases and the
main steam safety valves may actuate to reduce the pressure. Makeup to the secondary side is
automatically provided by the auxiliary feedwater system. Coincident with the safety injection
signal, normal feedwater flow is stopped by closing the main feedwater control valves and
tripping the main feedwater pumps. Emergency feedwater flow is initiated by starting the
auxiliary feedwater pumps. The secondary side flow aids in the reduction of RCS pressure. When
the reactor coolant system depressurizes to approximately 600 psia, the accumulators begin to
inject borated water into the reactor coolant loops. Reflecting the loss of offsite power
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assumption, the reactor coolant pumps are assumed to be tripped at the time of reactor trip, and
the effects of pump coastdown are included in the blowdown analysis.

14.5.2.3 Analysis Assumptions

As required by Appendix K of 10 CFR 50, certain conservative assumptions were made for
the Small Break LOCA-ECCS analysis. The assumptions pertain to the conditions of the reactor
and associated safety system equipment at the time that the LOCA is assumed to occur and
include such items as the core peaking factors, core decay heat, and the performance of the
Emergency Core Cooling System. Table 14.5-12 presents the values assumed for several key
parameters in this analysis. Assumptions and initial operating conditions that reflect the
requirements of Appendix K to 10 CFR 50 have been used in this analysis. These assumptions
include:

• The break is located in the cold leg between the pump discharge and the vessel inlet.

• Safety injection occurs both in the intact loop and the broken loop.

• Accumulator injection occurs both in the intact loop and the broken loop.

• 120% of 1971 ANS decay heat is assumed following reactor trip.

• Initial power is 102% of the full core power to account for the calorimetric uncertainty

• 15% tube plugging in each steam generator.

• Safety injection system delivers borated water to the reactor coolant system 25 seconds
after actuation of the SIS signal. The 25-second delay includes sufficient time to allow
startup of the emergency diesel generators and loading of the charging pumps onto the
emergency buses.

• Minimum assumed auxiliary feedwater flow is consistent with the failure of the largest
rated capacity auxiliary feedwater pump (turbine-driven pump).

Several additional assumptions have been incorporated into the SBLOCA reanalysis
described below to provide margin in key input parameters. These changes are described below.

In the previous NOTRUMP evaluation model, safety injection is delivered only in the intact
loop, and the least resistance safety injection line is assumed to spill onto the containment floor.
This modeling was assumed to be conservative since the additional safety injection was
considered to be a benefit. This assumption was based on older evaluation models which
employed a homogenous equilibrium assumption for the mixing of different phases. Sensitivity
studies with the previous evaluation model determined that safety injection in the broken loop, in
conjunction with the existing condensation model, resulted in a PCT penalty. Reference 36 has
documented this change to the NOTRUMP evaluation model. This modeling is used in this
reanalysis.
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To offset the penalties associated with the revised safety injection assumption,
Westinghouse has incorporated a new condensation model in the NOTRUMP evaluation model.
This model, referred to as the COSI model, is based on tests which modelled the configuration of
the SI piping to the RCS cold leg. Use of this more realistic model for condensation of steam by
pumped SI is demonstrated to provide a benefit larger than any penalty associated with injecting
into the broken loop (Reference 36).

The analysis assumed a peak Heat Flux Hot Channel Factor, FQ(z), value of 2.50 and a peak
Nuclear Enthalpy Hot Channel Factor, FΔh, value of 1.70. These values bound the current and
anticipated power peaking limits.

This analysis also employed a K(z) envelope, the hot channel factor normalized operating
curve shown in Figure 14.5-39. K(z) is a multiplier on the allowable 3-D peaking factor FQ, and
by nature cannot exceed 1.0. A new revised hot rod axial power shape (Figure 14.5-40) was used
in the LOCTA-IV code. This power shape has been chosen from a generic database of potential
shapes achievable during power operation by assessing the characteristics which yield limiting
small break LOCA results.

The flow rates for the HHSI are provided by an engineering model of the HHSI subsystem
that is based on the system configuration and measured data from the plant. This model includes
allowances for imbalance between the separate injection lines, HHSI pump degradation, and
instrument accuracy. The HHSI pump curves used in the model are based on the actual measured
plant data for the installed HHSI pumps in each unit. For the calculated HHSI flows, it is assumed
that the HHSI flow recirculation line is open above RCS pressures of 1000 psig and that it is
closed below that RCS pressure. This is consistent with previous assumptions used to calculate
HHSI flow rates versus RCS pressure for small break LOCAs. Other assumptions regarding HHSI
system configuration, such as water levels and back pressures, are set to provide limiting
conditions for the specified test condition. HHSI flow testing performed during refueling outages
assesses the condition of the HHSI pumps to ensure that the actual system performance is
bounded by the assumptions in the current analysis.

The analysis assumes a full core of Surry Improved Fuel (SIF) with ZIRLO™ cladding
material and Performance+ design features. This modelling is applicable to full or mixed cores of
either fuel product (Reference 50). The only mechanism available to cause a transition core to
have a greater calculated small break LOCA PCT than a full core of either fuel product is the
possibility of flow redistribution due to fuel assembly hydraulic resistance mismatch. The small
break evaluation model assumes only one core channel. This assumption is acceptable, since the
flowrate during a small break LOCA is low, providing enough time to maintain flow equilibrium
and eliminate crossflow effects. Since such crossflow is not established during the small break
event, mixed core hydraulic resistance mismatches are not a significant factor for small break
analysis.
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14.5.2.4 Analysis of Effects and Consequences

14.5.2.4.1 Method of Analysis

A small break LOCA analysis was performed using the NOTRUMP computer code
following the methodology and the model delineated in WCAP-10079-P-A (Reference 35) and
WCAP-10054-P-A (Reference 36). The code calculates the transient depressurization of the RCS
as well as describing the mass and enthalpy of flow through the break.

NOTRUMP is a general one-dimensional network code consisting of a number of advanced
features. Among these features are the calculation of thermal non-equilibrium in all fluid
volumes, flow regime-dependent drift flux calculations with counter-current flooding limitations,
mixture level tracking logic in multiple-stacked fluid nodes, and regime-dependent heat transfer
correlations.

In NOTRUMP, the RCS is nodalized into volumes interconnected by flowpaths. The broken
loop is modeled explicitly, with the intact loops lumped into a second loop. The transient behavior
of the system is determined from the governing conservation equations of mass, energy, and
momentum applied throughout the system.

The use of NOTRUMP in the analysis involves, among other things, the representation of
the reactor core as heated control volumes with an associated bubble rise model to permit a
transient mixture height calculation. The multinode capability of the program enables an explicit
and detailed spatial representation of various system components. In particular, it enables a proper
calculation of the behavior of the loop seal during a loss-of-coolant accident.

The peak clad temperature in the core during a transient is calculated by utilizing the
Westinghouse LOCTA-IV code (Reference 37) for a small break analysis. The transient thermal
hydraulic NOTRUMP code writes data to a file for the LOCTA-IV code. The clad thermal
analysis code uses the RCS pressure, core mixture level, normalized core power, and core exit
mass flow rate from the thermal hydraulic code NOTRUMP as input.

The assumed SIS pumped injection flowrate, shown in Figure 14.5-38, is a function of
reactor coolant system pressure. The analysis assumes minimum safeguards and emergency core
cooling system capability and operability.

This analysis considered cases assuming 2-inch, 3-inch, and 4-inch effective diameter cold
leg break sizes. Previous evaluations have been demonstrated that the 6-inch has a less limiting
PCT than the three break sizes considered here. The 6-inch break produces a more rapid
depressurization and accumulator actuation. This results in primary core uncovery sooner in the
transient than for the smaller break cases. The PCT occurs during this initial, deep uncovery.
Analyses of 6-inch break cases also typically exhibit a second, more shallow core uncovery.
However, fuel rod heatup is limited during this period by three factors: (1) greater accumulator
and safety injection flow rates limit the uncovery to the top portion of the core, (2) the larger
break size allows more energy removal from the core, and (3) the duration of the second uncovery
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is ultimately limited by significant additional flow from the low head safety injection pumps,
which provide for full core recovery.

14.5.2.4.2 Results

For this analysis, cases were run assuming 2-inch, 3-inch, and 4-inch effective diameter
cold leg breaks. Results of key parameters for the cases analyzed are presented in Figures 14.5-41
through 14.5-64. Table 14.5-13 presents the time sequence of events, and Table 14.5-14
summarizes the peak clad temperature for each case analyzed. The 3-inch cold leg break was
found to be the most limiting break size for a small break LOCA from the present analysis. For
ZIRLO™-clad fuel, the analysis resulted in a limiting peak clad temperature of 1717°F, a
maximum local cladding oxidation level of 2.11%, and a total core metal-water reaction of less
than 1.0%. The identified figures show the following:

• Pressurizer Pressure—Figures 14.5-41 through 14.5-43 show the calculated pressure for
the different break sizes.

• Core Mixture Level—Figures 14.5-44 through 14.5-46 show that the core mixture level
decreases, accompanied by the RCS depressurization, until the combined rate of the
Safety Injection and the Accumulator Injection exceeds the break flow.

• Pumped SI Flow—Figures 14.5-47 through 14.5-49 show the pumped safety injection
flow to the intact loops and Figures 14.5-50 through 14.5-52 show the pumped safety
injection flow to the broken loop.

• Core Exit Vapor Flow—Figures 14.5-53 through 14.5-55 show the core exit vapor flow.

• Hot Assembly Fluid Temperature—The fluid temperature in the hot assembly peaks at
the same time as the clad temperature, with approximately the same magnitude, and is
shown in Figures 14.5-56 through 14.5-58.

• Hot Assembly Heat Transfer Coefficient—Figures 14.5-59 through 14.5-61 show the
calculated heat transfer coefficient in the hot assembly.

• Peak Clad Temperature—Figures 14.5-62 through 14.5-64 show the calculated hot-spot
clad temperature transient. The peak clad temperature for the limiting 3-inch break size is
1717°F at the 11.75 foot core elevation.

14.5.2.5 Post Analysis of Record Evaluations

In addition to the analyses presented in this section, evaluations and reanalyses may be
performed as needed to address computer code errors and emergent issues, or to support plant
changes. The issues or changes are evaluated, and the impact on the PCT is determined. The
resultant increase or decrease in PCT is applied to the analysis of record PCT. The PCTs,
including all penalties and benefits, are presented in Table 14.5-15 for the small break LOCA. The
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resultant PCT is demonstrated to be less than the 10 CFR 50.46(b) requirement of 2200°F
(Reference 55).

As discussed in Section 14.5.1.6, 10 CFR 50.46 requires that licensees assess and report the
effect of changes to or errors in the evaluation models used in LOCA analyses. The requirements
discussed in Section 14.5.1.6 are also applicable to the small break LOCA analysis. Reference 73
provides the most recent compilation for the small break LOCA analysis.

14.5.2.6 Conclusions

The fuel clad heatup summary in Table 14.5-12 presents results for ZIRLO™-clad fuel that
are well within the acceptance criteria specified by 10 CFR 50.46. The calculated peak clad
temperature for the limiting 3-inch break is 1717°F. The PCT, including all penalties and benefits,
is 1760°F, which is significantly less than the 2200°F limit. The maximum local metal water
reaction is 2.11%, which is much less than the embrittlement limit of 17%. The total
zirconium-water reaction is less than the 1% limit. The results show that the clad temperature
transient has peaked and sufficiently stabilized while the core is still amenable to cooling.
Consequently, it is concluded that the Surry ECCS will be capable of mitigating the effects of a
small break LOCA with a maximum FQ of 2.50 and a FΔh of 1.70, at the rated thermal core power
of 2546 MWt, for cores containing standard fuel and SIF with the ZIRLO™ cladding and
Performance+ features.

For the small break LOCA, the emergency core cooling system will thus meet the
acceptance criteria as presented in 10 CFR 50.46, as follows:

1. The calculated peak fuel element clad temperature provides margin to the limit of 2200°F.

2. The amount of fuel element cladding that reacts chemically with water or steam does not
exceed 1% of the total amount of Zircaloy in the reactor.

3. The clad temperature transient is terminated at a time when the core geometry is still
amenable to cooling. The localized cladding oxidation limit of 17% is not exceeded.

4. The core remains amenable to cooling during and after the break.

5. The core temperature is reduced and decay heat is removed for an extended period of time, as
required by the long-lived radioactivity remaining in the core.

14.5.3 Core and Internals Integrity Analysis

The methodology presented in Sections 14.5.3.1 through 14.5.3.4 has been replaced in part
by the methodology of WCAP-9401. Also, the BLODWN-2 program has been replaced in part by
the MULTIFLEX computer code. Refer to Section 14.5.3.3.4 for a description of the
MULTIFLEX code and its use in blowdown and force models and the WCAP-9401 methodology.
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14.5.3.1 Internals Evaluation

The forces exerted on the reactor internals and the core following a LOCA are computed by
employing the BLODWN-2 digital computer program developed for the space-time-dependent
analysis of multiloop PWR plants.

14.5.3.2 Design Criteria

Following a LOCA, the basic requirement is that the plant shall be shut down and cooled
down in an orderly manner so that fuel cladding temperature is kept within the specified limits.
This implies that the deformation of the reactor internals must be kept sufficiently small so that
the core geometry remains substantially intact to allow core cooling and insertion of a sufficient
number of control-rod assemblies.

After the break, the reduction in water density greatly reduces the reactivity of the core, thus
shutting down the core independent of the control-rod assemblies. In other words, the core is shut
down whether or not the control-rod assemblies are tripped. (The subsequent refilling of the core
by the emergency core cooling system uses borated water to maintain the core in a subcritical
state). Therefore, insertion of most of the control-rod assemblies gives further assurance of the
ability to shut the unit down and keep it in a safe-shutdown condition. Note that the control rods
have been shown to insert for cold leg breaks (Reference 63) in order to address the potential
sump dilution issue identified in Reference 64.

Maximum allowable deflection limitations are established for those regions of the internals
that are critical for unit shutdown. Allowable stress limits are adopted to ensure physical integrity
of the components.

In the event of a sudden double-ended reactor coolant system pipe rupture1 (complete
severance in a few milliseconds), pressure waves are produced in the reactor, causing vertical and
horizontal excitation of the components. A study has been made to analyze the response of the
reactor vessel internal structures under these conditions.

14.5.3.3 Blowdown and Force Models

14.5.3.3.1 Blowdown Model

BLODWN-2 is a digital computer program used for calculation of local fluid pressure, flow,
and density transients that occur in the reactor coolant system during a LOCA. This program
applies to the subcooled, transition, and saturated two-phase blowdown regimes. This is in
contrast to programs such as WHAM (Reference 18), which are applicable only to the subcooled
region and which, due to their method of solution, could not be extended into the region in which
large changes in the sonic velocities and fluid densities take place.

1. As discussed in Section 15.6.2, it is no longer necessary to consider the dynamic effects of a postulated 
rupture of the primary reactor coolant loop piping. However, pipe ruptures of reactor coolant branch lines 
are still postulated.
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BLODWN-2 is based on the method of characteristics, wherein the resulting set of ordinary
differential equations obtained from the laws of conservation of mass, momentum, and energy, are
solved numerically using a fixed mesh in both space and time.

Although one-dimensional conversation laws are employed, the code can be applied to
describe three-dimensional system geometries through the use of the equivalent piping networks.
Such piping networks may contain any number of pipes or channels of various diameters, dead
ends, branches (with up to six pipes connected to each branch), contractions, expansions, orifices,
pumps, and free surfaces (such as in a pressurizer). System losses such as friction, contraction,
expansion, etc., are considered.

14.5.3.3.2 Comparison With Experimental Data

BLODWN-2 predictions have been compared with data obtained by Phillips Petroleum
Company from their loss-of-flow test (LOFT) semi-scale and 1/4-scale blowdown experiments.

An example of these comparisons is shown in Figure 14.5-65, which illustrates the pressure
history in the blowdown pipe for the semi-scale test #522. This was a bottom blowdown test for
the “Bettis Flask No. 1” geometry, with initial uniform fluid conditions of 1268 psia and 445°F. It
can be seen that the BLODWN-2 digital computer program gives good agreement in both the
subcooled and the saturated regimes.

14.5.3.3.3 Force Model

BLODWN-2 evaluates the pressure and velocity transients for a maximum of 2400
locations throughout the system. These pressure and velocity transients are stored as a permanent
tape file and are made available to the program FORCE, which uses a detailed geometric
description in evaluating the loading in reactor internals.

Each reactor component for which force calculations are required is designated as an
element and assigned an element number. Forces acting upon each of the elements are calculated,
summing the effects of:

1. The pressure differential across the element.

2. Flow stagnation on, and unrecovered orifice losses across, the element.

3. Friction losses along the element.

Input to the code, in addition to the BLODWN-2 pressure and velocity transients, includes
the effective area of each element on which the force acts due to the pressure differential across
the element, a coefficient to account for flow stagnation and unrecovered orifice losses, and the
total area of the element along which the shear forces act.
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14.5.3.3.4 Method of Blowdown Re-Analysis

Re-analysis of the blowdown forces on the reactor vessel and internals structures for Units 1
and 2, such as the one performed for the vessel head replacements and the control rod insertion
analysis following a cold leg break (Reference 63), has made use of the MULTIFLEX
(References 65 & 66) computer code, rather than BLODWN-2 described above, and the
methodology of WCAP-9401 (Reference 67). MULTIFLEX is an extension of the BLODWN-2
code and includes mechanical structure models and their interactions with the thermal-hydraulic
system. Both versions of the MULTIFLEX code share a common hydraulic modeling scheme,
with the differences confined to a more realistic downcomer hydraulic network, and a more
realistic core barrel structural model that accounts for non-linear boundary conditions and vessel
motion. Generally, this improved modeling results in lower, more realistic, but still conservative
hydraulic forces on the core barrel. The NRC staff has accepted (References 68, 69, & 72) the use
of MULTIFLEX (including MULTIFLEX 3.0) for calculating the hydraulic forces on reactor
vessel internals, including the reactor core (References 70 & 71). MULTIFLEX is used in the
analysis to calculate the thermal-hydraulic transient (primarily transient pressures) within the
reactor vessel. The re-analysis uses the FORCE2 computer code (described in Reference 65) to
post process MULTIFLEX hydraulic transient results into vertical forces as described above for
the FORCE code. Lateral forces are computed using the LATFORC code (described in
Reference 65). The WCAP-9401 methodology utilizes a 3-dimensional structural model of the
reactor vessel, internals, reactor core, and vessel support mechanism. LOCA forces acting on
internals components are generated using the calculated transient pressures from the
MULTIFLEX computer code and the FORCE2 and LATFORC codes. Horizontal and vertical
responses are calculated simultaneously from the 3-dimensional model for both LOCA and
seismic loading conditions.

14.5.3.4 Response of Reactor Internals to Blowdown Forces

14.5.3.4.1 Vertical Excitation

The internal structure is simulated by a multi-mass system connected with springs and
dashpots representing the viscous damping due to structural and impact losses. The gaps between
various components, as well as Coulomb type of friction, is also incorporated into the overall
mode. Since the fuel elements in the fuel assemblies are kept in position by friction forces
originating from the preloaded fuel assembly grid fingers, any sliding that occurs between the fuel
rods and assembly is considered as a type of Coulomb friction. A series of mechanical models of
local structures were developed and analyzed so that certain basic nonlinear phenomena
previously mentioned could be understood. Using the results of these models, a final 11-mass
model is adopted to represent the internals structure under vertical excitation. The modeling is
conducted in such a way that uniform masses are lumped into easily identifiable discrete masses,
while elastic elements are represented by springs, as shown in Figure 14.5-66. A legend for the
different masses is given in Table 14.5-6. The masses are readily recognized as items W1 through
W11. The core barrel and the lower package are easily discernible. The fuel assemblies have been
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segregated into two groups. The majority of the fuel mass, W4, is indirectly connected to the deep
beam structure represented by mass W8. There is also a portion of the fuel mass, W6, which
connects through the long columns to the top plate. The stiffness of the top plate panels is
represented by K8. The hold-down spring, K1, is bolted up between the flange of the deep beam
structure and the core barrel flange with the preload, P1. After preloading the hold-down spring, a
clearance, G1, exists between the core barrel flange and the solid height of the hold-down spring.
Within the fuel assemblies, the fuel elements W4 and W6 are held in place by frictional contact
with the grid spring fingers. Coulomb damping is provided in the analysis to represent this
frictional restraint.

The analytical model is also provided with viscous terms to represent the structural
damping of the elastic elements. The viscous dampers are represented by C1 through C11.

Restrictions are placed on the displacement amplitudes by specifying the free travel
available to the dynamic masses. Available displacements are designed by symbols G1 through
G6.

The displacements are tested during the solution of the problem to see if the available travel
has been achieved. When the limit of travel has been attained, stops are engaged to arrest further
motion of the dynamic masses. The stops or snubbers are designed by the symbols S1 through
S11.

Contact with the snubbers results in some damping of the motion of the model. The impact
damping of the snubbers is represented by the devices D1 through D11.

During the assembly of the reactor, bolt up of the closure head presets the spring-loading of
the core barrel and the spring-loading on the fuel assemblies. Since the fuel assemblies in the
model have been segregated into two groups, two preload values are provided in the analysis.
Preload values P1, P3, and P5 represent the hold-down spring preload on the core barrel and the
top nozzle springs preload values on the fuel assemblies. The formulation of the transient motion
response problem and digital computer programming were performed. The effects of an
earthquake vertical excitation are also incorporated into the program.

In order to program the multi-mass system, the appropriate spring rates, weights, and
forcing function for the various masses were determined. The spring rates and weights of the
reactor components are calculated. The forcing functions for the masses are obtained from the
FORCE program described in the previous section. It calculates the transient forces on reactor
internals during blowdown using transient pressures and fluid velocities.

For the blowdown analysis, the forcing functions are applied directly to the various internal
masses.

For the earthquake analysis of the reactor internals, the forcing function, which is simulated
earthquake response, is applied to the multi-mass system at the ground connections. Therefore,
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the external excitation is transmitted to the internals through the springs at the ground
connections.

Analysis is being performed for variations in rupture opening time, and for hot-leg and
cold-leg breaks. The response of the structure to these excitations indicates that the vertical
motion is irregular, with peaks of very short duration. The deflections and motion of some of the
reactor components are limited by the solid height of springs, as is the hold-down spring located
above the barrel flange.

The internals behave as a nonlinear system during the vertical oscillations produced by the
blowdown forces. The nonlinearities are due to the Coulomb frictional forces between grids and
rods, and to gaps between components causing discontinuities in force transmission. The
frequency response is consequently a function not only of the exciting frequencies in the system,
but also of the amplitude. Different break conditions excite different frequencies in the system.
This situation can be understood when the response under blowdown forces is compared with the
response due to vertical seismic acceleration. Under seismic excitation, the system behaves almost
linearly, because component motion is not sufficient to cause closing of the various gaps in the
structure or slippage in the fuel rods.

Under hot-leg blowdown excitation conditions, the core moves upward, touches the core
plate, and falls down on the lower structure, causing oscillations in all the components. The
response shows that the case could be represented as two large vibrating masses (the core and the
barrel), with the rest of the system oscillating with respect to the barrel and the core.

Damping effects have also been considered; it appears that the higher frequencies disappear
rapidly after each impact or slippage.

The results of the computer program used for solving the transient motion response problem
give not only the frequency response of the components, but also the maximum impact force and
deflections. From these results, the stresses are computed using the standard strength-of-material
formulas. The impact stresses are obtained in an analogous manner, using the maximum forces
seen by the various structures during impact.

14.5.3.4.2 Transverse Excitation

The loading from the hydraulic pressure transient on the upper core barrel is represented by
a dynamic pressure wave.

The dynamic stability and the maximum distortion of the upper core barrel is analyzed. The
response to the initial peak of the pressure wave is obtained, neglecting the effect of the water and
solid-water interaction in limiting the response of the core barrel.

The upper barrel does not collapse during a hot-leg break, and it has an allowable stress
distribution during a cold-leg break.
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The guide tubes are studied, applying the blowdown forces to the structures and calculating
the resulting deflections. The guide tubes are considered to be elastically supported at the upper
plate and simply supported at the lower end with variable cross section. Consideration is given to
the frequencies and amplitudes of the forcing function, and the response is computed to ensure
that the deflections do not prevent control-rod assembly insertion.

Results of analyses show that the deformation of the guide tubes is within the limits
established experimentally to ensure control-rod assembly insertion.

14.5.3.4.3 Allowable Deflection and Stability Criteria

14.5.3.4.3.1 Fuel Assemblies. The limitations for this case are related to the stability of the
thimbles in the upper end. The upper end of the thimbles cannot experience stresses above the
buckling compressive stresses, because any buckling of the upper end of the thimbles distorts the
guide line and could affect the free fall of the control-rod assembly. The buckling stress for the
thimbles is 62,300 psi, and the yield stress is 62,500 psi.

14.5.3.4.3.2 Upper Core Package. The local deformation of the upper core plate where a guide
tube is located shall be less than 0.100 inch. This deformation causes the plate to contact the guide
tube, since the clearance between plate and guide tube is 0.1 inch. This limit prevents the guide
tubes from being put in compression.

For a plate local deformation of 0.150 inch, the guide tube is compressed and deformed
transversely to the established upper limit, and consequently the value of 0.150 inch. is adopted as
the maximum core plate local deformation, with an allowable of 0.100 inch.

14.5.3.4.3.3 Upper Core Barrel. The upper barrel deformation has the following limits:

1. To ensure reactor trip and to avoid disturbing the control-rod assembly guide structure, the
barrel cannot interfere with any guide tubes. This condition requires a stability check to
ensure that the barrel does not buckle under the accident loads. The minimum distance
between guide tube and barrel is 9 inches. This value is adopted as the limit above which “no
loss of function” can no longer be guaranteed. An allowable deflection of 4.5 inches has been
selected.

2. To ensure core cooling, the outward movement of the upper barrel must be such that the inlet
flow from the unbroken cold legs is not impaired. From this condition an outward barrel
deflection of 6 inches in front of the inlet nozzle has been established as the
no-loss-of-function value. An allowable deflection of 3 inches has been selected.

14.5.3.4.3.4 Control-Rod Assembly Guide Tubes. The guide tubes in the upper core support
package housing control-rod assembly required for unit shutdown have the following deflection
limit: the maximum horizontal deflection of a beam should not exceed 1.75 inches over the length
of the guide tube. An allowable distortion of 1.0 inch has been selected.
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14.5.3.4.3.5 Allowable Stress Criteria. The allowable stress criteria fall into two categories
depending on the nature of the stress state (membrane or bending). A direct or membrane state of
stress has a uniform stress distribution over the cross section. The allowable (maximum)
membrane or direct stress is taken to be equal to the stress corresponding to 20% of the uniform
material strain or the yield strength, whichever is higher. For unirradiated type 304 stainless steel
at operating temperature, the stress corresponding to 20% of the uniform strain is 39,500 psi. For
irradiated type 304 stainless steel, the stress limit is higher.

For a bending state of stress, the strain is linearly distributed over a cross section. The
average strain value is one-half of the outer fiber strain where the stress is a maximum. Thus, by
requiring the average bending stress to satisfy the allowable criterion for the direct state of stress,
the average absolute strain may be 20% of the uniform strain. Consequently, the outer fiber strain
may be 40% of the uniform strain. The maximum allowable outer fiber bending stress is then
taken to be equal to the stress corresponding to 40% of the uniform strain or the yield strength,
whichever is higher. For unirradiated type 304 stainless steel operating temperatures, the
stress-strain curve gives the maximum stress intensity as 50,000 psi. For irradiated type 304
stainless steel, the stress limit is higher; therefore, it is conservative to use the unirradiated value.

For combinations of membrane and bending stresses, the maximum allowable stress is
taken to be equal to the maximum stress corresponding to the strain distribution having the
maximum outer fiber strain not in excess of 40% uniform strain and average strain not in excess of
20% uniform strain. Analogous to the uniaxial case, the maximum allowable membrane and total
stress intensities for multiaxial stress distributions are 39,500 psi and 50,000 psi.

14.5.3.5 Effects of LOCA and Safety Injection on the Reactor Vessel

The effects of injecting safety injection water into the reactor coolant system following a
postulated LOCA have been analyzed. WCAP 7304L gives a description of the program
associated with this analysis. Below is a summary of the conditions that were considered.

For the reactor vessel, three modes of failure are considered: the ductile mode, the brittle
mode, and the fatigue mode.

14.5.3.5.1 Ductile Mode

The failure criterion used for this evaluation is that there shall be no gross yielding across
the vessel wall, using the material yield stress specified in Section III of the ASME Code. The
combined pressure and thermal stresses during safety injection through the vessel thickness as a
function of time have been calculated and compared to the material yield stress at various times
during the safety injection transient.

The results of the analyses showed that local yielding may occur in approximately the inner
12% of the base metal and in the cladding.
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14.5.3.5.2 Brittle Mode

The possibility of a brittle fracture of the irradiated core region has been considered from
both a transition temperature approach and a fracture mechanics approach.

The failure criterion used for the transition temperature evaluation is that a local flaw cannot
propagate beyond any given point where the applied stress remains below the critical propagation
stress at the applicable temperature at that point.

The results of the transition temperature analysis showed that the stress-temperature
condition in the outer 65% of the base metal wall thickness remains in the crack arrest region at all
times during the safety injection transient. Therefore, if a defect were present in the most
detrimental location and orientation (i.e., a crack on the inside surface and circumferentially
directed), it could not propagate any farther than approximately 35% of the wall thickness, even
considering the worst-case assumptions used in this analysis.

Both a local crack effect and a continuous crack effect have been considered, with the latter
requiring the use of a rigorous finite element axisymmetric code. The results of the fracture
mechanics analysis, considering the effects of water temperature, heat transfer coefficients, and
fracture toughness of the material as a function of time, temperature, and irradiation show that the
integrity of the reactor vessel is maintained throughout the life of the unit.

14.5.3.5.3 Fatigue Mode

The failure criterion used for the failure analysis is the one presented in Section III of the
ASME Code. In this method, the piece is assumed to fail once the combined usage factor at the
most critical location for all transients applied to the vessel exceeds the code allowance usage
factor of one.

The results of this analysis show that the combined usage factor never exceeds 0.2, even
after assuming that the safety injection transient occurs at the end of unit life.

In order to cause a fatigue failure during the safety injection transient at the end of unit life,
it has been estimated that a wall temperature of approximately 1100°F is needed at the most
critical area of the vessel (instrumentation tube welds in the bottom head).

The design basis of the emergency core cooling system ensures that the maximum cladding
temperature does not exceed the clad melting temperature. This is achieved by prompt recovery of
the core through flooding, with the passive accumulator and the active injection systems. Under
these conditions, a vessel temperature of 1100°F is not considered a credible possibility, and the
evaluation of the vessel under such elevated temperatures is a hypothetical case.

For the ductile failure mode, such hypothetical rise in the wall temperature would increase
the depth of local yielding in the vessel wall.

The results of these analyses show that the integrity of the reactor vessel is never violated.
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The safety injection nozzles have been designed to withstand 10 postulated safety injection
transients without failure. This design and associated analytical evaluation were made in
accordance with the requirements of Section III of the ASME Code.

The maximum calculated pressure plus thermal stress in the safety injection nozzle during
the safety injection transient was calculated to be approximately 50,900 psi. This value compares
favorably with the code-allowable stress of 80,000 psi.

These 10 safety injection transients are considered along with all the other design transients
for the vessel in the fatigue analysis of the nozzles. This analysis shows the estimated usage factor
for the safety injection nozzles to be 0.47, which is well below the code-allowable value of 1.0.

The safety injection nozzles are not in the highly irradiated region of the vessel, and thus
they are considered ductile during the safety injection transient.

The effect of the safety injection water on the fuel assembly grid springs has been evaluated
and, due to the fact that the springs have a large surface-area-to-volume ratio, and are in the form
of thin strips, they are expected to follow the coolant temperature transient with very little lag;
hence, no thermal shock is expected, and the core cooling is not compromised.

Evaluations of the core barrel and thermal shield have also shown that core cooling is not
jeopardized under the postulated accident conditions.

14.5.4 Containment Iodine Removal by Spray System

The spray system is designed to reduce post-accident containment pressure by condensing
steam and to adsorb inorganic or particulate iodine present in the containment atmosphere by
chemical spray. The spray system design bases and description are discussed in Section 6.3.1.

The analyses establishing the amount of radioiodine in the containment following a LOCA
are documented in Reference 57 for Unit 1 (References 57 and 74 for Unit 2). The spray removal
coefficients used in the analyses for elemental and organic iodine were assumed to be 10 hr-1 and
0 hr-1, respectively, consistent with NUREG-0800 (Standard Review Plan) Section 6.5.2
(Reference 24). The spray removal coefficients used in the analyses for particulate iodine and
other aerosols were as indicated in Table 14.5-8. The spray removal coefficients in Table 14.5-8
were developed in accordance with the methodology of NUREG/CR 5966 (Reference 23). A
maximum decontamination factor of 200 was applied to the elemental iodine. A two-region model
was used to calculate the effective spray removal coefficients. The spray is effective over 60% of
the containment volume for Unit 1. (For Unit 2, the spray is effective over 60% of the containment
volume until containment spray is terminated, at which time the sprayed volume is reduced to
18%.) There is assumed to be a mixing rate of 2 unsprayed volumes per hour.

14.5.5 Environmental Consequences of Loss-of-Coolant Accident (LOCA)

The assumed design basis accident LOCA is defined as the double-ended guillotine failure
of a cold leg reactor coolant pipe, the total loss of coolant through such a double-ended failure, a
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total loss of offsite station power, where that is conservative, the availability of only minimum
safeguards, and release of the core fission product inventory indicated in Table 14.5-10 to the
reactor containment atmosphere. The core iodines released during the LOCA take the following
chemical and physical forms:

1. 4.85% elemental

2. 0.15% organic

3. 95.0% particulate

This section describes the method and results of the radiological analyses for the design
basis accident. The analyses include TEDE doses from two sources: dose from the containment
leakage plume and the dose due to ECCS leakage for 30 days following the accident. Doses were
calculated at the exclusion area boundary, at the low population zone boundary, and in the control
room. The LOCA dose analyses discussed below assume operation at the uprated power.

The methodology used to evaluate the control room and offsite doses resulting from a
LOCA was consistent with the NRC Standard Review Plan (References 24, 26, 27, & 43), and the
Regulatory Guide 1.183 (Reference 44). Core radionuclide inventory was based on a power level
of 2605 MWt which is slightly conservative compared to the uprated power level for Surry of
2546 MWt plus 2% for instrument uncertainty.

Regulatory Guide 1.183 (Reference 44), provides detailed guidelines for calculating doses
from a LOCA in a PWR. Doses from all postulated release paths to the environment are
calculated as described in the SRP, and compared with 10 CFR 50.67 exposure criteria.
Radiological consequences of both containment leakage and post-LOCA leakage from
Engineered Safety Feature (ESF) system components outside containment, (including
backleakage into the RWST) were considered.

To account for manual realignment of the safeguards area ventilation system to filtered
exhaust, a 20-minute delay in filtration is included in the analysis of doses resulting from a LOCA
for Unit 1 (For Unit 2, a 30-minute delay in filtration, which corresponds to the earliest time for
recirculation mode transfer, is included in the analysis of doses resulting from a LOCA). Surry
Units 1 and 2 share a single fuel building. Prior analyses of the fuel handling accident required
that the auxiliary ventilation system be aligned in the refueling mode during fuel handling. This
alignment was necessary unless sufficient decay had occurred since reactor shutdown to eliminate
the need for filtration of radioiodine releases from postulated fuel handling accidents. With this
alignment, a manual action was required to enable filtration of the exhaust from the safeguards
area after a safety injection (SI) signal. Currently, air filtration is not required to mitigate a fuel
handling accident, and procedural controls have been established to eliminate operating with
automatic alignment defeated, but this action is still conservatively modeled. Additionally, while
modeled as a 20-minute delay for Unit 1 (30-minute delay for Unit 2), Reference 57 (for Unit 1
and Reference 74 Unit 2), indicates that realignment of the safeguards area ventilation system is
not actually required until just prior to recirculation mode transfer, when contaminated sump
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water is recirculated outside containment. The Surry core radionuclide inventory was determined
from calculations using the ORIGEN2 computer code that conservatively modeled a
representative Surry core-loading plan.

Surry has a subatmospheric containment system. During the first hour following the
accident containment pressure is analyzed to remain less than 45 psig. A 0.1 volume percent per
day containment leak rate was used for the first hour after the LOCA, which corresponds to a
maximum containment pressure of 45 psig. The original design criterion required that within one
hour, containment pressure be calculated to return to subatmospheric conditions. This original
design criterion was modified in conjunction with the analyses for implementation of the
alternative source term (and, subsequently, Generic Letter 2004-02 for Unit 2). The modified
criteria require that, following the LOCA, the containment pressure be less than 0.5 psig within
1 hour for Unit 1 (1.0 psig within 1 hour for Unit 2) and less than 0.0 psig within 4 hours.
Therefore, from 1 hour to 4 hours after a LOCA, a 0.021 volume percent per day leak rate was
assumed for Unit 1 (0.029 volume percent per day for Unit 2), which corresponds to a maximum
containment pressure of 0.5 psig for Unit 1 (1.0 psig for Unit 2). Beyond 4 hours, containment
pressure is assumed to be less than 0.0 psig, terminating leakage from containment.

When the containment pressure is subatmospheric, any leakage would be into the
containment. Therefore, no containment leakage is assumed after the fourth hour. Surry does not
have a vent purge system that has to be considered as a LOCA release pathway.

The following containment spray removal coefficients were used:

Based on a review of the Basis for Surry Technical Specification 4.20, Regulatory
Guide 1.25, and Regulatory Guide 1.52, the following control room ventilation system filter
efficiencies were used for Surry Unit 1 (the following control room and auxiliary building
ventilation system filters efficiencies were used for Surry Unit 2):

Elemental Iodine = 10 per hour

Organic Iodine = 0 per hour

Particulate Iodine and other Particulates = per Table 14.5-8

Sprayed Volume = 60% (reduced to 18% at 1.14 hrs for Unit 2)

Mixing Rate = 2 unsprayed volumes/hour

Spray Start Time = 100 seconds (recirculation spray is not 
credited until 1.14 hrs for Unit 2)

Iodine Type Filter Efficiency

Elemental 90%

Methyl 70%

Particulate 99%
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The 90% elemental and 70% methyl iodine removal efficiencies are indicated in Regulatory
Guides 1.25 and 1.52 (References 28 & 46) as being appropriate for 2-inch charcoal filters
without humidity control. The 99% efficiency for particulate iodine is based on the use of HEPA
filters.

The ESF leakage was assumed to be 2 times the total allowable ECCS leakage of
4800 cc/hour (Section 14.5.5.3) and the total allowable back-leakage into the RWST of
100 cc/minute or 6000 cc/hour. The RWST release to the atmosphere is modeled at 1000 cfm
through the safeguards building and out ventilation vent No. 2 (For Unit 2, filtration by the
auxiliary building ventilation system was credited for the portion of the ECCS leakage that occurs
in the Safeguards Building, primarily the 964 cc/hour of Outside Recirculation Spray System
leakage identified in Section 14.5.5.3, and the RWST backleakage.). The release of radionuclides
to the environment was determined both for containment leakage and Engineered Safety Feature
components leakage.

For the ECCS leakage dose calculation, forty percent of the core iodine inventory is
assumed to be released to the sump. The water in the ESF system at Surry, including RWST
back-leakage, is taken from the containment sump at temperatures less than 212°F except for a
short period at the beginning of the accident. During the period of time that the water temperature
in the sump exceeds 212°F, the flashing fraction is less than 10%. Therefore, Surry meets the
requirements for assuming 10% of the iodine in the ESF system leakage becomes airborne
(Reference 44). Of the 10% of the iodine that becomes airborne, 97% is modeled as elemental and
3% organic (Reference 44). All of the other radionuclides as indicated in Table 14.5-10 as being
in the containment sump remain in the liquid phase (Reference 44) of ESF leakage. Therefore
only the airborne iodine portion of radionuclides released through ESF leakage has any
consequence for EAB. LPZ, and control room doses.

14.5.5.1 Methodology to Determine Atmospheric Dispersion Factors, Control Room
Occupancy, and Breathing Rates

The parameter χ/Q defines the ratio of radionuclide concentration (χ in curies/m3) to release
rate (Q in curies/second). It depends on the site meteorology (average wind speed and
atmospheric stability) and distance between source and receptor. The EAB and LPZ atmospheric
dispersion factors (χ/Q) are given in Table 14.5-7 and were determined based on the PAVAN
(NUREG/CR-2858) methodology (Reference 42) using meteorological data for 1994 to 1998.
The “wake-credit not allowed” scenario of the PAVAN results was used, since the closest point of
both the EAB and LPZ from the onsite release points is greater than 10 ‘building heights’ of the
containment dome (the tallest wake-producing structure).

The control room χ/Q values were determined with the ARCON96 (Reference 41)
methodology and meteorological data form the 1982 through 1986 time period. These values are
listed in Table 14.5-7. Wake effects were considered in calculating the atmospheric dispersion
factors for all the onsite receptor points. It was conservatively assumed that only the portion of the
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reactor containment dome that is higher than the auxiliary building roof is accounted for in
determining the magnitude of the wake effects. Additionally, further conservatism was introduced
by only considering one containment dome for wake effect impacts. All releases were modeled as
ground-level releases even when the source point was elevated (e.g., ventilation vent No. 2).

The control room occupancy factors in Table 14.5-9 were also incorporated into the dose
calculations to reflect that personnel would not be exposed to the released activity 100% of the
time over the entire 30 day period. These occupancy factors are based on the guidance from
Reference 44. The breathing rate used for the control room dose calculations was
3.5 × 10-4 m3/sec. For the first 8 hours, the breathing rate for offsite dose calculations was
3.5 × 10-4 m3/sec. The offsite breathing rates for the time periods from 8 to 24 hours and from
24 hours until the end of the accident, were 1.8 × 10-4 m3/sec and 2.3 × 10-4 m3/sec respectively.

14.5.5.2 LOCADOSE Model for Surry LOCA Analysis

LOCADOSE (Reference 40) was used to model the release of radionuclides for a LOCA at
Surry. This computer code system first calculates radionuclide concentrations and releases to the
environment. The LOCADOSE computer code system modeled a LOCA at Surry with six
volumes: 1) the environment, 2) the containment sump, 3) the portion of the containment covered
by the Containment Chemical Spray System, 4) the portion of the containment not covered by the
Chemical Spray System, 5) the RWST, and 6) the control room. The volumes used in the
computer model were:

The transport of radionuclides to the environment is modeled by specifying flow rates
between the various volumes modeled. The mixing between the sprayed and unsprayed
containment volumes was modeled based on 2 unsprayed volumes per hour. The containment
leakage to the environment was modeled as 0.1 volume percent per day for the first hour. From
1 hour until 4 hours after the LOCA, a 0.021 volume percent per day leak rate was used for Unit 1
(0.029 volume percent per day for Unit 2). Beyond 4 hours, containment pressure is assumed to
be less than 0.0 psig, terminating leakage from containment. The appropriate containment leakage
rates, based upon time in the accident, were applied proportionately to both the sprayed and
unsprayed containment volumes during the first four hours of the LOCA.

Unit 1 Unit 2

0–1.14 hours > 1.14 hours

Unsprayed containment volume = 7.45 × 105 ft3 7.45 × 105 ft3 1.528 × 106 ft3

Sprayed containment volume = 1.12 × 106 ft3 1.12 × 106 ft3 3.353 × 105 ft3

Sump volume = 5.83 × 104 ft3

RWST Volume = 5.335 × 104 ft3

Control room volume = 2.23 × 105 ft3
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ESF leakage to the environment is modeled at twice the potential leakage rates specified in
Tables 6.2-6 and 6.3-2 and twice the RWST allowable back-leakage of 6000 cc/hour:

RWST back-leakage is the modeled ESF system leakage through ECCS check valves into
the RWST after switching to the recirculation cooling mode.

LOCADOSE utilizes the χ/Q values discussed in Section 14.5.5.1 to determine the
radionuclide concentrations outside the control room and at the EAB and LPZ dose points.
Radionuclide transport into the control room is then modeled by specifying flow rates from the
environment outside the control room.

The control room ventilation system was modeled consistent with Reference 41 and Surry
control room ventilation system design and operation. An unfiltered inleakage of 500 cfm was
modeled from time 0 to 30 days. The control room was assumed to be on bottled air for the first
hour of the accident; however, for conservatism the out-leakage for the first hour was modeled as
only 500 cfm. In other words, no credit was taken for the dilution of the radionuclide
concentration in the control room atmosphere by the bottle air system. After the first hour, a
filtered intake of 1000 cfm was modeled. Control room ventilation filter efficiencies are indicated
in Section 14.5.5.

The LOCADOSE code system calculates radionuclide releases to the environment and
radionuclide concentrations versus time in each volume. Dose conversion factors, occupancy
factors, and breathing rates are then used along with the radionuclide concentrations to calculate
doses. The breathing rates and occupancy factors used for the dose calculations were discussed in
Section 14.5.5.1. The LOCADOSE code system uses dose conversion factors based on Federal
Guidance Report Nos. 11 and 12 (References 47 & 48) to determine the TEDE doses.

Twice the Allowable Leak Rate

Unit 1

Time Period

ECCS RWST back-leakage

(cfm) (cc/hour) (cfm) (cc/hour)

415 sec-2300 sec 1.14 × 10-3 1928 0.0 0.0

2300 sec-30 days 5.65 × 10-3 9600 7.06 × 10-3 12,000

Unit 2

Time Period

ECCS filtered 
leakage 

(cc/hour)

ECCS 
unfiltered 
leakage 

(cc/hour)

RWST filtered 
back-leakage 

(cc/hour) Comments

0–0.25 hours 0 0 0

0.25–0.5 hours 0 1928 0 earliest start of the RS System

0.5–720 hours 1928 7672 12,000 earliest RMT
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14.5.5.3 Results of Dose Calculations for LOCA

The calculated LOCA doses are given in Table 14.5-11. It should be noted that the control
room TEDE dose does not include the dose due to direct shine from containment due to the
control room wall thickness being at least 18 inches thick (Reference 26). The calculated doses
are less than the 10 CFR 50.67 limits for the EAB and LPZ, and the control room.

For Unit 1, the above dose analysis (Reference 57) assumes that 100% of the airborne
iodine from the ECCS and RWST releases to the environment pass through the auxiliary building
ventilation system and charcoal filters with no credit taken for filtration. (For Unit 2, filtration by
the auxiliary building ventilation system was credited for the portion of the ECCS leakage that
occurs in the Safeguards Building, primarily the Outside Recirculation Spray System leakage and
RWST backleakage. Filtration was not credited for the portion of the ECCS leakage that occurs in
the Auxiliary Building, primarily the SI and Charging System leakage.) However, only certain
areas (the charging pump cubicles and safeguards) are provided with dedicated exhaust paths to
the filters. This has the potential to lead to releases to the environment that may bypass the
auxiliary building filters. However, since no filtration credit is taken for Unit 1 (in areas without
dedicated exhaust paths to filters for Unit 2) and all atmospheric dispersion factors were modeled
as ground releases (Section 14.5.5.1) this analysis remains conservative. Therefore, the maximum
allowable unfiltered leakage is limited to the total allowable ECCS leakage of 4800 cc/hour, and
the total allowable RWST back-leakage of 6000 cc/hour. The total allowable ECCS leakage of
4800 cc/hour includes SI and Charging Systems leakage of 3836 cc/hour and Outside
Recirculation Spray System leakage of 964 cc/hour.

14.5.6 Summary

For breaks up to and including the double-ended guillotine break of a cold leg reactor
coolant pipe, the emergency core cooling system with minimum safeguards will limit the clad
temperature to below the melting temperature of the cladding and ensure that the core will remain
in place and substantially intact, with its essential heat transfer geometry preserved. The
emergency core cooling system design meets the core cooling criteria for all cases. This is
confirmed by the results of the limiting cases for the small break and large break LOCA
sensitivity analyses. The emergency core cooling system components meet the acceptance criteria
throughout the range of break sizes with the high-head safety injection pumps mitigating the
smaller breaks and the accumulators in conjunction with the pumped safety injection flow
mitigating the larger breaks.

The design of the fuel assemblies and the core support structures is such that the pressure
oscillations and flow transients resulting from any LOCA can be accommodated without changes
that would affect the capability of the safety injection system to perform its required function.

The calculated TEDE doses at exclusion area boundary, low population zone boundary, and
in the control room resulting from a design basis LOCA are within the regulatory limits stated in
10 CFR 50.67.
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Table 14.5-1
INITIAL CORE CONDITIONS ASSUMED FOR THE DOUBLE-ENDED COLD-LEG 

GUILLOTINE BREAK (DECLG)

Calculational Input

Core power, 102% of 2546 MWt

Peak linear power, 102% of 15.00 kW/ft

Heat flux hot-channel factor (FQ) 2.32

Enthalpy rise hot-channel factor 1.62

Accumulator water volume (each) 1000 ft
3

Reactor vessel upper head temperature equal to Thot

Limiting Fuel Region
and Cycle Cycle Region

Unit 1 All All regions

Unit 2 All All regions

FΔH
N
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Table 14.5-2
CONTAINMENT DATA (DRY CONTAINMENT)

Net Free Volume 1.863 × 10
6
 ft

3

Initial Conditions
Pressure (total) 9.35 psia
Temperature 105.0°F
RWST temperature 33°F
Service water temperature 32.5°F a

Outside temperature 9°F
Spray System I - Containment Spray System

Number of pumps operating 2
Runout flow rate 3250 gpm
Actuation time 59 sec

Spray System II - Inside Recirculation Spray Subsystem
Number of pumps operating 2
Runout flow rate (each) 3500 gpm
Actuation time 179 sec
Heat exchanger (UA (per pump)) 5.18 × 10

6
 Btu/hr-°F

Service water flow (per exchanger) b
Spray System II - Outside Recirculation Spray Subsystem

Number of pumps operating 2
Runout flow rate (each) 3500 gpm
Actuation time 366 sec
Heat exchanger (UA (per pump)) 5.18 × 10

6
 Btu/hr-°F

Service water flow (per exchanger) b
Structural Heat Sinks

Type/thickness (in.) Area (ft2), with uncertainty
Concrete/6 8393
Concrete/12 62,271
Concrete/18 55,365
Concrete/24 11,591
Concrete/27 9404
Concrete/36 3636
Carbon steel/0.375 - Concrete/54 46,489 d

Carbon steel/0.50 - Concrete/30 25,652 d

a. Sensitivity analyses provided in Reference 21 demonstrate that service water temperature lev-
els as low as 25°F will have a negligible impact on the limiting results of the LOCA-ECCS 
analyses.

b. A conservatively large value for service water flow is used. The analysis results are insensitive 
to this parameter.



Revision 39—09/27/07 SPS UFSAR 14.5-41
 

Structural Heat Sinks (continued)
Type/thickness (in.) Area (ft2), with uncertainty
Concrete/26 (floor) 12,110
Carbon steel/0.239 158,059 d

Stainless steel/0.306 17,519
Aluminum/0.0091 3911

d. Credit for painted surfaces was taken only for the nominal surface area.

Table 14.5-3
TIME SEQUENCE OF EVENTS

DECLG (Cd=0.4)
(sec)

DECLG (Cd=0.6)
(sec)

Start 0.0 0.0
Reactor Trip 0.46 0.46
SI Signal Generated 3.3 2.6
Accumulator Injection 16.0 12.0
Pumped SI Starts 28.3 27.6
End of Bypass/ End of Blowdown 32.97 25.67
Bottom of Core Recovery 46.3 38.3
Accumulator Empty 54.2 48.6

Table 14.5-2 (continued) 
CONTAINMENT DATA (DRY CONTAINMENT)
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Table 14.5-4
RESULTS FOR DECLG

Discharge Coefficient (Cd) 0.4 0.6

Peak Clad Temperature 2116.7°F 1815.1°F
Location 5.25 ft 6.25 ft
Time 57.8 sec 7.1 sec

Average Rod Burst Data
Location 5.25 ft 6.25 ft
Time 39.67 sec 45.64 sec
Blockage Fraction 0.2845 0.2842

Hot Rod Burst Data
Location 5.25 ft 6.25 ft
Time 34.71 sec 38.46 sec

Zr/H20 Results Data
Local Maximum Reaction 4.39% 2.13%
Location of Maximum 5.25 ft 6.25 ft
Total Reaction 0.631% 0.220%

Table 14.5-5
PEAK CLAD TEMPERATURE INCLUDING ALL PENALTIES AND BENEFITS,

LARGE BREAK LOCA

PCT for Analysis of Record 2117°F
PCT Assessments Allocated to AOR

a. LBLOCA/ Seismic SG Tube Collapse 0°F
b. BASH EM Transient Termination 0°F
c. LOCBART ZIRLO™ Cladding Specific Heat Model +16°F
d. PAD 4.0 Initial Pellet Temperatures -11°F
e. Removal of Part-Length CRDMs -66°F
f. LOCBART Fluid Property Logic +10°F
g. Pressurizer Surgeline Piping Schedule Reconciliation +8°F
h. LOCBART Fluid Property Logic Issue-Augmented +10°F
i. Revised Containment Heat Sink Input +113°F
j. Revised Containment Spray Flowrate -17°F
k. Revised Containment Free Volume -17°F
l. Westinghouse IFBA Fuel Product Implementation +41°F
m. LOCBART Fluid Property Logic Issue-Augmented -10°F

LBLOCA PCT for Comparison to 10 CFR 50.46 Requirements 2194°F
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Table 14.5-6
MULTIMASS VIBRATIONAL MODEL - DEFINITION OF SYMBOLS

W1 - Core barrel K1 - Hold-down spring
W2 - Lower package K2 - Lower package, major
W3 - Fuel assemblies, major K3 - Top nozzle springs, major
W4 - Fuel rods, major K5 - Top nozzle springs, minor
W5 - Fuel assemblies, minor K7 - Short columns
W6 - Fuel rods, minor K8 - Upper core plate
W7 - Core plate and short column K9 - Long columns
W8 - Deep beam K10 - Top plate
W9 - Core plate and long columns K11 - Core barrel
W10 - Top plate (ctr.)
W11 - Core barrel

Snubbers Impact Dampers
S1 - Core barrel flange D1 - Barrel flange
S2 - Hold-down spring D2 - Hold-down spring
S3 - Top nozzles, bars, major D3 - Top nozzle bars, major
S4 - Pedestal bars, major D4 - Pedestal bars, major
S5 - Top nozzles, bars, minor D5 - Top nozzle bars, minor
S6 - Pedestal bars, minor D6 - Pedestal bars, minor
S7 - Top nozzle bumpers, major D7 - Top nozzles, major
S8 - Top nozzle bumpers, minor D8 - Top nozzles, minor
S9 - Pedestals, major D9 - Pedestal, major
S10 - Pedestals, minor D10 - Pedestal, minor
S11 - Deep beam flange D11 - Deep beam flange

Structural Dampers Clearances
C1 - Hold-down spring G1 - Hold-down spring
C2 - Lower package G3 - Fuel rod top, major
C3 - Top nozzle, major G4 - Fuel rod bottom, major
C5 - Top nozzle, minor G5 - Fuel rod top, minor
C7 - Short columns G6 - Fuel rod bottom, minor
C8 - Upper core plate G7 - Fuel assembly, major
C9 - Long columns G8 - Fuel assembly, minor
C10 - Core barrel

Preloads
P1 - Hold-down springs
P3 - Top nozzle springs, minor
P5 - Top nozzle springs, minor
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Table 14.5-7
SURRY CONTAINMENT AND ECCS Χ/Q VALUES

Leakage Source Receptor

χ/Q (sec/m3)

0-2 hr 2-8 hr 8-24 hr 24-96 hr 96-720 hr

Containment Control Room 6.74E-04 5.18E-04 2.22E-04 1.66E-04 1.20E-04

EAB (Unit 1) 4.61E-03 4.61E-03 4.61E-03 4.61E-03 4.61E-03

EAB (Unit 2) 1.79E-03 1.79E-03 1.79E-03 1.79E-03 1.79E-03

LPZ 2.01E-04 2.01E-04 1.22E-04 4.18E-05 8.94E-06

ECCS & RWST 
(Ventilation 
Vent No. 2)

Control Room 6.95E-04 5.40E-04 2.30E-04 1.71E-04 1.22E-04

EAB (Unit 1) 4.61E-03 4.61E-03 4.61E-03 4.61E-03 4.61E-03

EAB (Unit 2) 1.79E-03 1.79E-03 1.79E-03 1.79E-03 1.79E-03

LPZ 2.01E-04 2.01E-04 1.22E-04 4.18E-05 8.94E-06
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Table 14.5-8
COMBINED CONTAINMENT AND RECIRCULATION SPRAY AEROSOL 

(PARTICULATE) REMOVAL COEFFICIENTS

Time (hr)

λmf (hr-1)From To

Unit 1

2.78E-02 6.00E-02 3.40E+00

6.00E-02 1.15E-01 7.92E+00

1.15E-01 1.94E-01 1.25E+01

1.94E-01 1.14E+00 1.28E+01

1.14E+00 1.80E+00 9.47E+00

1.80E+00 1.90E+00 6.04E+00

1.90E+00 2.02E+00 4.22E+00

2.02E+00 2.51E+00 2.25E+00

2.51E+00 4.38E+00 1.23E+00

4.38E+00 6.48E+00 1.10E+00

6.48E+00 8.61E+00 1.08E+00

8.61E+00 7.20E+02 1.08E+00

Unit 2

2.78E-02 1.94E-01 3.59E+00

1.94E-01 5.56E-01 3.69E+00

5.56E-01 1.00E+00 4.16E+00

1.00E+00 1.14E+00 4.40E+00

1.14E+00 1.80E+00 2.53E+01

1.80E+00 1.84E+00 1.61E+01

1.84E+00 1.88E+00 1.12E+01

1.88E+00 2.07E+00 5.99E+00

2.07E+00 2.77E+00 3.25E+00

2.77E+00 3.57E+00 2.90E+00

3.57E+00 4.37E+00 2.86E+00

4.37E+00 7.20E+02 2.85E+00
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Table 14.5-9a

SURRY CONTROL ROOM OCCUPANCY FACTORS

Time Occupancy Factor
0 - 8 hr 1.0
8 - 24 hr 1.0
24 - 96 hr 0.6
96 - 720 hr 0.4

a. These values also used for LRA, SGTR,
and MSLB accident dose analyses.

Table 14.5-10
CORE FISSION PRODUCT RELEASE FRACTIONS AND PRODUCTION RATES FOR THE 

LOCA AS SPECIFIED BY NUREG-1465 (REFERENCE 45)

Group

Core Release Fraction Production Rate (Fraction/hr)a

Gap Early In-Vessel Gap Early In-Vessel

Noble Gasesb 0.05 0.95 0.1 7.31E-01

Halogens 0.05 0.35 0.1 2.69E-01

Alkali Metals 0.05 0.25 0.1 1.92E-01

Tellurium 0 0.05 0 3.85E-02

Barium, Strontium 0 0.02 0 1.54E-02

Noble Metals 0 0.0025 0 1.92E-03

Cerium 0 0.0005 0 3.85E-04

Lanthanides 0 0.0002 0 1.54E-04

Duration (hr)a 0.5 1.3

a. Release duration and production rates apply only to the Containment release. The ECCS leakage 
portion of the analysis conservatively assumes that the entire core release fraction is in the 
containment sump from the start of the LOCA.

b. Noble Gases are not scrubbed from the containment atmosphere and therefore are not found in 
either the sump or ECCS fluid.
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Table 14.5-11
LOCA CONTROL ROOM AND OFFSITE TEDE DOSE CONSEQUENCES

COMPARED TO THE TEDE DOSE LIMITS OF 10 CFR 50.67

Unit 1

Leakage 
Source

Control Room Offsite

30-day Dose
(Rem)

10 CFR 50.67
Dose Limita

(Rem)

EAB 0.5 to
2.5-hour Dose

(Rem)

LPZ 30-day
Dose
(Rem)

10 CFR 50.67
Dose Limita

(Rem)

Containment 1.00 19.93 1.16

ECCS 1.75 2.39 1.10

RWST 2.11 1.69 1.31

Total 4.86 5 24.01 3.57 25

Unit 2

Control Room
(Rem TEDE)

Exclusion Area 
Boundary

(Rem TEDE)

Low Population 
Zone

(Rem TEDE)

Total Dose Consequences including 
contributions from containment, 
ECCS and RWST leakage

3.9 15.6 3.5

10 CFR 50.67 dose limits 5 25 25

a. 10 CFR Part 50.67 establishes TEDE dose limits for the EAB, the outer boundary of the LPZ, and 
for the control room for use with the alternate source term.
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Table 14.5-12
SIGNIFICANT INPUTS AND ASSUMPTIONS IN THE SMALL BREAK LOCA ANALYSIS

Parameter Value

Core Power, 102% of 2546 MWt

Total Peaking Factor, FQ 2.50

Core Enthalpy Rise Factor, FΔh 1.70

Fuel Enrichment 5.0%

Fuel Pellets Chamfered

Fuel Assembly Array 15 x 15 SIFa

a. This analysis was performed assuming the SIF fuel product with ZIRLO™ 
cladding and Performance+ design features. It is also applicable to mixed 
cores of SIF and LOPAR fuel.

Accumulator Water Volume 1000 ft
3
/accumulator

Accumulator Tank Volume 1450 ft
3
/accumulator

Accumulator Gas Pressure 580 psia

Safety Injection Flow Figure 14.5-38

Initial Loop Flow 9359 lbm/sec

Vessel Inlet Temperature 540.1°F

Vessel Outlet Temperature 606.4°F

Reactor Coolant Pressure 2280 psia

Steam Pressure 740.6 psia

Steam Generator Tube Plugging (uniform) 15%

Low Pressurizer Pressure Setpoint 1840 psia

Low-Low Pressurizer Pressure Setpoint 1715 psia
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Table 14.5-13
SMALL BREAK LOCA TIME SEQUENCE OF EVENTS

Event
Time After Start of LOCA 
(sec) For Each Break Size 

(Effective Diameter)

2-inch 3-inch 4-inch

Break Opens 0.0 0.0 0.0

Reactor Trip Signal 29.9 12.6 7.5

Safety Injection Signal 43.2 18.9 10.0

Broken Loop Seal Clearing 900 500 230

Top of Core is Uncovered 1200 700 224

Accumulator Injection Begins N/Aa 1150 560

Peak Clad Temperature Occurs 3564 1399 650

Top of Core is Covered N/Ab N/Ab 2300

a. RCS pressure never reaches the accumulator injection pressure 
setpoint.

b. Long-term RCS inventory recovery was established in the tran-
sient calculation prior to reaching this condition.

Table 14.5-14
SMALL BREAK LOCA RESULTS - FUEL CLADDING DATA

Parameter Break Size (Effective Diameter)

2-inch 3-inch 4-inch

Peak Clad Temperature (°F) 1336 1717 1570

Peak Clad Temperature Location (ft) 11.50 11.75 11.00

Local Zr/H2O Reaction, Maximum (%) 0.30 2.11 0.53

Local Zr/H2O Reactor, Location (ft) 11.50 11.75 11.25

Total Zr/H2O Reactor (%) <1.0 <1.0 <1.0

Hot Rod Burst Time a N/A N/A N/A

Hot Rod Burst Locationa N/A N/A N/A

a. Burst was not calculated to occur.
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Table 14.5-15
PEAK CLAD TEMPERATURE INCLUDING ALL PENALTIES AND BENEFITS,

SMALL BREAK LOCA

PCT FOR ANALYSIS OF RECORD 1717°F

PCT Assessments Allocated to AOR

a. NOTRUMP - Mixture Level Tracking Errors +13°F

b. Removal of Part-Length CRDMs -15°F

c. NOTRUMP - Bubble Rise/Drift Flux Model Inconsistencies +35°F

d. Westinghouse IFBA Fuel Product Implementation +10°F

SBLOCA PCT for Comparison to 10 CFR 50.46 Requirements 1760°F
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Figure 14.5-1 
AXIAL POWER SHAPE
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Figure 14.5-2 
CORE MASS FLOW (DECLG, Cd = 0.4)
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Figure 14.5-3 
CORE MASS FLOW (DECLG, Cd = 0.6)
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Figure 14.5-4 
CORE PRESSURE (DECLG, Cd = 0.4)
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Figure 14.5-5 
CORE PRESSURE (DECLG, Cd = 0.6)
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Figure 14.5-6 
ACCUMULATOR MASS FLOW (DECLG, Cd = 0.4)
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Figure 14.5-7 
ACCUMULATOR MASS FLOW (DECLG, Cd = 0.6)
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Figure 14.5-8 
CORE PRESSURE DROP (DECLG, Cd = 0.4)
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Figure 14.5-9 
CORE PRESSURE DROP (DECLG, Cd = 0.6)
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Figure 14.5-10 
BREAK MASS RELEASE (DECLG, Cd = 0.4)
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Figure 14.5-11 
BREAK MASS RELEASE (DECLG, Cd = 0.6)
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Figure 14.5-12 
BREAK ENERGY RELEASE (DECLG, Cd = 0.4)
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Figure 14.5-13 
BREAK ENERGY RELEASE (DECLG, Cd = 0.6)
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Figure 14.5-14 
CORE POWER (DECLG, Cd = 0.4)
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Figure 14.5-15 
CORE POWER (DECLG, Cd = 0.6)
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Figure 14.5-20 
PUMPED ECCS FLOW (DECLG, Cd = 0.4)
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Figure 14.5-21 
PUMPED ECCS FLOW (DECLG, Cd = 0.6)
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Figure 14.5-38 
SAFETY INJECTION FLOW (GPM)
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Figure 14.5-39 
SBLOCA HOT CHANNEL FACTOR NORMALIZED, OPERATING ENVELOPE
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Figure 14.5-40 
HOT ROD POWER SHAPES USED IN LOCTA-IV
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Figure 14.5-51 
BROKEN LOOP PUMPED SI FLOW (LBM/SEC), 3-INCH BREAK
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Figure 14.5-52 
BROKEN LOOP PUMPED SI FLOW (LBM/SEC), 4-INCH BREAK
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Figure 14.5-66 
MULTI-MASS VIBRATIONAL MODEL
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Appendix 14A
RADIATION SOURCES

14A.1 INTRODUCTION

This appendix presents the quantities of radioactive isotopes present in the core and the fuel
rod gap. A general discussion of the derivations is also provided.

14A.2 TOTAL ACTIVITY IN THE CORE

The total core activity calculation is consistent with TID 14844 and data from ORNL-2127
(Reference 1). Numerical values for certain significant isotopes are given in Table 14A-1.

14A.3 ACTIVITY IN THE FUEL ROD GAP

The gap activity is computed based on buildup in the fuel from the fission process and
diffusion to the fuel rod gap at rates dependent on the operating temperature. For analysis, the fuel
pellets are considered divided into five concentric rings, each with release rate dependent on the
mean fuel temperature within that ring. The diffusing isotope is assumed present in the gas gap
when it has diffused to the boundary of its ring.

The diffusion coefficient, D', for Xe and Kr in UO2 varies with temperature in accordance
with the following expression:

D'(T) = D'(1673)exp

Where:

E = activation energy

D'(1673) = diffusion coefficient at 1673 K = 1 × 10-11 sec-1

T = temperature, K

R = gas constant

The above expression is valid for temperatures above 1473 K. Below 1473 K, fission gas
release occurs, mainly by two temperature-independent phenomena, recoil and knock-out, and is
predicted by using D' at 1473 K. The value used for D'(1673 K), based on data at burnups greater
than 1019 fissions/cc, accounts for possible fission gas release by other mechanisms and pellet
cracking during irradiation.

The diffusion coefficient for iodine isotopes is assumed to be the same as for Xe and Kr.
Toner and Scott (Reference 2) observed that iodine diffuses in UO2 at about the same rate as Xe

E
R
---- 1

T
---  - 1 

1673
------------⎝ ⎠

⎛ ⎞–
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and Kr and has about the same activation energy. Data surveyed and reported by Belle
(Reference 3) indicate that iodine diffuses at slightly slower rates than do Xe and Kr.

For a full core cycle at 2546 MWt, the above analysis results in a pellet-clad gap activity of
less than 3% of the dose equivalent equilibrium core iodine inventory. The noble gas activity
present in the pellet-clad gap is about 2.5% of the core inventory.

The percentage of the total core activity present in the gap for each isotope is also listed in
Table 14A-1.

The core temperature distribution used in this analysis is presented in Table 14A-2.
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Table 14A-1
CORE AND GAP ACTIVITY

Isotope Ci in the core (× 107) Ci in the gap (× 105)
I-131 6.27 1.69
I-132 9.57 3.1
 I-133 14.4 14.0
 I-134 17.3  3.53
 I-135 12.8 7.08
 Kr-85 .092 1.46
Xe-133 14.3 32.2
 Xe-133m .388 .602
 Xe-135 5.43 .437

Note: Operation at 2546 MWt for 500 days. 
Temperature distribution specified in 
Table 14A-2.

Table 14A-2
CORE TEMPERATURE DISTRIBUTION

Percent of Core Fuel Volume
Above Given the Temperature Local Temperature, °F

0.01 4100

0.40 3700

2.20 3300

5.90 2900

11.30 2500
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Appendix 14B
EFFECTS OF PIPING SYSTEM BREAKS OUTSIDE CONTAINMENT

14B.1 INTRODUCTION

14B.1.1 Appendix Coverage and Summary

This appendix is based on Appendix D to the initial FSAR and provides the response to a
Commission letter dated December 18, 1972 (Reference 1), which contained a document entitled
General Information Required for Consideration of the Effects of a Piping System Break Outside
Containment (later revised in January 1973).

Since Surry Units 1 and 2 are similar in design, and to avoid unnecessary repetition, the
analysis within this Appendix is oriented to Unit 2. However, wherever Unit 1 is unique with
respect to Unit 2, an additional analysis is made for the unique portions.

This appendix presents an analysis of the consequences of postulated pipe failures outside
the containment. In addition to the direct effects on safety resulting from the postulated break of a
high-energy line, it is shown in this analysis that Surry Units 1 and 2 can be shut down and
maintained in a shutdown condition. The postulated break of a pipe is shown not to negate any
safety function as a result of the postulated failure.

The analysis ensures that the Commission’s General Design Criterion 4 is met, i.e., that all
structures, systems, and components important to safety are designed to accommodate the effects
of and are compatible with the environmental conditions associated with normal operation,
maintenance, testing, and postulated accidents, including loss-of-coolant accidents (LOCAs).
These structures, systems, and components are protected against dynamic effects, including the
effects of missiles, pipe whipping, and discharging fluids that may result in equipment failures
and from events and conditions outside the nuclear power unit.

14B.1.2 Appendix Organization

The sectional organization of this Appendix is delineated in Figure 14B-1.

The approach used to analyze the consequences of pipe failure is to identify and locate the
high-energy sources, identify and locate the safety-related targets, and determine and evaluate the
physical effects. The criteria for determining pipe breaks and methods of analysis are presented in
Section 14B.2. The identification and location of high-energy systems are found in Section 14B.3.
The safety-related and shutdown equipment is identified, and the location listed in Section 14B.4.
Calculation results and the evaluation of the physical effects from a pipe system break are found
in Section 14B.5. The conclusions are found in Section 14B.7.
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14B.2 CRITERIA FOR PIPE BREAKS AND METHODS FOR ANALYSIS

14B.2.1 General Discussion

High-energy systems that require analysis for the consequences of pipe breaks are identified
based on the fluid in the pipe, and the pressure and temperature during normal station operation.

In pressurized water reactors, the fluids are water, steam, and water solutions. High-pressure
nonflashing gas lines are not included in this analysis.

The temperatures and pressures used for determination of high-energy systems are the
maximum normal operating temperatures and pressures. The type of analysis that is required is
based on the temperature and pressure conditions as shown in Figure 14B-2. The lines that are
both high-temperature and high-pressure are analyzed for pipe whip and environmental effects.
The pipes that are low-pressure and high-temperature, or low-temperature and high-pressure, are
postulated to crack and are analyzed for environmental effects.

The analysis of these effects (environmental, pipe whip, steam jets, etc.) involves
consideration of the source and the target. The source includes the postulated pipe failure and the
resulting reactions of the failure. The target includes components or systems that are considered
essential in shutting down and maintaining the reactor in a safe-shutdown condition in the event of
a postulated break outside containment of a pipe containing high-energy fluid, and which provide
protective functions such that a loss of redundancy can be permitted but a loss of function cannot
be permitted. The approach taken involved the determination of the effects of the source on the
target.

After the high-energy lines are identified in accordance with the above definition, the
function of each line is determined. Failure of lines that do not serve a safety function do not
require the plant to be shut down. The criterion to which these lines are analyzed is that all safety
functions must be protected. Failure of one out of two redundant components is acceptable if the
safety function is not degraded. It is assumed that the plant must be shut down to repair damage to
safety equipment in accordance with the Technical Specifications.

Failures in lines that serve a safety function require the plant to be shut down and
maintained in a shutdown condition. The criterion under which these lines were analyzed is that
all redundant components required to operate to recover from this failure are to be protected,
including all redundant equipment required to bring the plant to shutdown and to maintain the
plant in the shutdown condition.

To analyze the consequences of the postulated break, the targets must be identified. Targets
are identified on the various drawings within this appendix.

After the high-energy break points and targets are located, the consequences of pipe whip
and jet impingement are determined. The criteria and methods of analysis for determining these
effects are discussed below. As a part of the analysis of each break point, it is determined that
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either the consequences are acceptable, or pipe whip protection and/or jet impingement protection
is required.

14B.2.2 Criteria for Pipe Breaks and Cracks

14B.2.2.1 Definition of High-Energy Lines

Design-basis pipe breaks are postulated in piping for which the maximum operating
pressure exceeds 275 psig and the maximum operating temperature equals or exceeds 200°F. The
critical crack size is taken to be one-half the pipe diameter in length (d/2) and one-half the wall
thickness in width (t/2). Pipe cracks (d/2 x t/2) are postulated in piping for which either the
operating pressure exceeds 275 psig or the operating temperature equals or exceeds 200°F. If both
operating pressure and temperature are below these values, breaks and cracks are not postulated
(Figure 14B-2).

Operating temperature and pressure are defined as the maximum temperature and pressure
in the piping system, during occurrences that are expected frequently or regularly in the course of
power operation, start-up, shutdown, standby, refueling, or maintenance of the plant.

Protection from pipe whip is not provided if any of the following conditions exists:

1. The piping is physically separated by protective barriers or is otherwise isolated from
structures, systems, or components important to safety, or is restrained from whipping by
plant design features such as concrete encasement.

2. Following a single break, the unrestrained pipe movement of either end of the broken pipe in
any possible direction about a plastic hinge formed at the nearest pipe whip restraint cannot
impact any structure, system, or component important to safety.

3. The internal energy level associated with the whipping pipe can be demonstrated to be
insufficient to impair the safety function of any structure, system, or component to an
unacceptable level.

The internal fluid energy level associated with the pipe break reaction may take into account
any line restrictions (e.g., flow limiters) between the pressure source and break location, and
the effects of either single-ended or double-ended flow conditions, as applicable. The energy
level in a whipping pipe may be considered as insufficient to break an impacted pipe of equal
or greater nominal pipe size and equal or heavier wall thickness.

14B.2.2.2 Pipe Break Criteria

Design-basis break locations are postulated in accordance with the following pipe whip
protection criteria. However, where pipes carrying high-energy fluids are routed in the vicinity of
structures and systems necessary for safe shutdown of the nuclear plant, supplemental protection
of these structures and systems is provided to cope with the environmental effects (including
effects of jet impingement) of a single postulated open crack at the most adverse location with
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regard to these essential structures and systems, the length of the crack being chosen not to exceed
the critical crack size.

1. ASME Section III, Class I piping breaks are postulated to occur at certain locations in each
piping run or branch run. Piping is defined as a pressure-retaining component consisting of
straight or curved pipe and pipe fittings (e.g., elbows, tees, and reducers). A piping run is
defined as piping that interconnects components such as pressure vessels, pumps, and rigidly
fixed valves that may act to restrain pipe movements beyond the restraint required for design
thermal displacement. A branch run differs from a piping run only in that it originates at a
piping intersection, as a branch of the main pipe run.

The postulated locations of piping breaks are:

a. The terminal ends.

b. Any intermediate locations between terminal ends where the primary-plus-secondary
stress intensities Sn (circumferential or longitudinal) derived on an elastically calculated
basis under the loadings associated with one-half of the safe shutdown earthquake and
operational plant conditions exceed 2.0 Sm for ferritic steel and 2.4 Sm for austenitic
steel.

Operational plant conditions include normal reactor operation, upset conditions
(anticipated operational occurrences), and testing conditions. Sm is the design stress
intensity as specified in Section III of the ASME Code.

c. Any intermediate locations between terminal ends where the cumulative usage factor (U)
derived from the piping fatigue analysis and based on all normal, upset, and testing plant
conditions exceeds 0.1.

U is the cumulative usage factor as specified in Section III of the ASME Code.

d. At intermediate locations in addition to those determined by l.a and l.b above, selected on
a reasonable basis as necessary to provide protection. As a minimum, there are two
intermediate locations for each piping run or branch run.

2. ASME Section III, Class 2 and 3, and ANSI-B31.1.0 (1967 Edition) piping breaks are
postulated to occur at the following locations in each piping run or branch run:

a. The terminal ends.

b. Any intermediate locations between terminal ends where either the circumferential or
longitudinal stresses derived on an elastically calculated basis under the loadings
associated with seismic events and operational plant conditions exceed 0.8 (Sh + SA), or
the expansion stresses exceed 0.8 SA.
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Sh is the stress calculated by the rules of NC-3600 and ND-3600 for Class 2 and 3
components, respectively, of the ASME Code, Section III, Winter 1972 Addenda. SA is
the allowable stress range for expansion stress calculated by the rules of NC-3600 of the
ASME Code, Section III-1971, or the USA Standard Code for Pressure Piping,
ANSI B31.1.0-1967.

c. Intermediate locations in addition to those determined by 2.b above selected on a
reasonable basis as necessary to provide protection. As a minimum, there are two
intermediate locations for each piping run or branch run, selected on the basis of
maximum combined primary and secondary stress. For nonseismic piping systems, the
intermediate locations are selected on the basis of maximum thermal stress.

3. For systems meeting maximum operating conditions of either pressures greater than 275 psig
or temperatures greater than 200°F, piping cracks were postulated at the most adverse points
with respect to targets.

14B.2.2.3 Pipe Break Orientation

The criteria used to determine the pipe break orientation at the break locations as specified
in Section 14B.2.2.2 above are equivalent to the following:

1. Longitudinal breaks in piping runs and branch runs, 4-inch nominal pipe size and larger,
and/or

2. Circumferential breaks in piping runs and branch runs exceeding 1-inch nominal pipe size.

A tee-joint that connects a branch run and main piping is not necessarily a break location for
the main piping if it does not qualify as a high-stress and/or high cumulative usage factor location
in this main piping run; however, at its welding junction to the branch run, which is a terminal
point of the branch run, a break location has to be postulated.

If one of the computed stresses and/or cumulative usage factors of the various points of an
elbow (tee or reducer) is high enough to be qualified as an intermediate break location, and the
other(s) varies within ±l0% of it, all these points are considered as a single break location.

Longitudinal breaks are parallel to the pipe axis and oriented at any point around the pipe
circumference. The break area is equal to the effective cross-sectional flow area upstream of the
break location. Dynamic forces resulting from such breaks are assumed to cause lateral pipe
movements in the direction normal to the pipe ends.

Circumferential breaks are perpendicular to the pipe axis, and the break area is equivalent to
the internal cross-sectional area of the broken pipe. The dynamic (blowdown) forces resulting
from a circumferential break act to separate the piping axially; there is no transverse force during
a circumferential break event.
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14B.2.3 Methods of Analysis and General Results

14B.2.3.1 Whipping Pipes and Interactions With Concrete Walls

The velocity of a whipping pipe is dependent on:

1. The blowdown forces.

2. The pipe, break geometry, and size.

3. The distance traveled.

A typical mathematical model is shown in Figure 14B-3. At time zero, before the break
occurs, the system is in a state of stress due to internal pressure, but these pressure forces are in
static equilibrium with the axial loads in the pipe. As the circumferential crack propagates, the
load-carrying metal area decreases, so a force imbalance results (Figure 14B-3, Part A). The axial
load at the break is assumed to drop linearly to zero in 1 millisecond. After the break, the forces
exerted on the pipe by the fluid are determined by time-dependent pressure and momentum
effects. The combined behavior of these two terms is equivalent to a pressure drop to 0.7 of the
initial value after the passage of the decompression wave (Reference 2). A wave velocity,
assumed to be 1600 fps, results in the forcing functions as shown in Figure 14B-3, Part B.

The results of the above analysis indicate that, during most of the pipe displacement, the
applied forces are only 0.7 of the initial forces and that approximately 30% of the energy is
dissipated by plastic deformation in the pipe before impact. Due to strain hardening and strain rate
effects, a distinct hinge may not form, but rather an extended region of large plastic deformation
occurs. The plastic hinge lengths are also determined by this analysis (Table 14B-1) for the initial
condition of 1050 psi.

Effects from whipping pipes on concrete walls were analyzed as follows. The local crushing
stiffness of the pipe elbow may be readily determined in the elastic range, but only with difficulty
once plastic deformation begins. The case of the actual elliptical contact area between the pipe
elbow and wall has been considered, as well as an idealized case in which the portion of the elbow
near the contact area is modeled as an equivalent sphere. PISCES (Reference 3) computer runs
indicate that once crushing (or denting) is initiated, a flat area forms on the elbow. (Without
internal pressure, bounce-back or “oil canning” occurs.) The forces transmitted by the wall to the
pipe occur mainly at the circumference of the contact area. Thus, analyses presented in the
literature for the stiffness of a sphere intersected by a pipe with normal loading may be used to get
an approximate stiffness (References 4).

The crushing resistance of the elbow is modeled as a spring (connected to ground) in the
mathematical model. This is acceptable, since the great inertia of the wall prevents any
appreciable movement prior to the moment that the peak forces occur. The peak force in this
spring is the maximum load transmitted to the wall during the impact. The effects of the
continuing blowdown forces and the inertia of the pipe away from the impact point are
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automatically included in the analysis. Typical examples of these peak forces as a function of
impact velocity are plotted in Figure 14B-4.

Since the load is applied to the concrete wall in a short time compared to the natural period
of a concrete wall, the application of a dynamic load factor of two is required when using static
design equations. The model used for punch shear is shown in Figure 14B-5. The equation used
for punching shear (Reference 5) in a concrete wall is:

where:

F = applied force

fc = compressive strength of concrete

d = wall thickness

r = radius of contact area

In all cases, wall thicknesses employed in normal plant construction are sufficient to stop
whipping pipes.

14B.2.3.2 Fluid Jets and Interactions With Reinforced-Concrete Walls

14B.2.3.2.1 Assumptions

1. The pipe break location is very close to the pressure reservoir(s). The pressure drop in the
pipe due to flow friction is negligible.

2. The total jet force remains constant throughout its traveling distance; i.e., the friction force
between the jet stream and ambient air is negligible.

3. The jet stream is totally intercepted by the concrete wall.

4. The jet impingement is a suddenly applied load to the concrete wall.

14B.2.3.2.2 Jet Force

The maximum value of the initial jet pressure from a pipe break can be expressed as:

PJ = CJPo

where:

Po = fluid pressure inside pipe

CJ = jet coefficient

F 4= fcd2π r +  d 
2
------⎝ ⎠

⎛ ⎞
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CJ = 1.26 for steam

CJ = 2.0 for subcooled nonflashing water

(If the pressure drop due to friction is taken into consideration, the values of CJ can be
reduced.)

The total jet force is then:

FJ = PJA

where:

A = pipe break area =

Dp = inside diameter of pipe

As the jet stream progresses away from the pipe break area, the width of the jet increases
with the axial distance. The angle of divergence is assumed to be 20 degrees (Reference 6).

14B.2.3.2.3 Punch Shear Failure of Concrete Wall

The punch shear failure mechanism of a concrete wall due to jet impingement from a pipe
break is shown in Figure 14B-6. The failure of a concrete wall is a diagonal cracking along the
surface of a truncated cone or pyramid around the jet impingement area. The area of the shearing
surface is:

As = πDwW

where:

Dw = DP + 2L tan 10° + W

W = wall thickness

L = distance between wall and pipe break location

Without shear reinforcement, the shear strength is:

where:

f'c = specified compressive strength of concrete

π
4
---D2

p
---

Vc 4 f'c=
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The total shear resistance of the reinforced-concrete wall is:

R = ø As Vc

where:

ø = capacity reduction factor = 0.85 for shear

The total jet impingement load seen by the wall is:

FT = CD FJ

where:

CD = dynamic load factor = 2.0 for suddenly applied load

If R is greater than or equal to FT, there will be no punch shear failure.

Curves relating dimensionless wall thickness (X = W/DP) and dimensionless distance
(Y = L/DP) are shown in Figures 14B-7 and 14B-8 for steam and water lines, respectively. The
specified concrete compressive strength, f'c, is assumed to be 3000 psi.

These curves are extremely conservative. A more realistic analysis to determine the
effective jet impingement force requires additional parameters, such as pipe lengths from sources,
elbows, and flow restrictors and fluid characteristics. A conservative approach was used in the
analysis for this appendix.

14B.2.3.2.4 Fluid Jets and Interaction With Steel Plates

For a fluid jet issuing from a crack (one-half the pipe diameter times one-half the pipe
thickness) in a pipe wall, the magnitude of the jet force is small because the break area is small. It
can be shown that either a 1-foot reinforced-concrete wall or a 1/8-inch steel plate being hit by a
jet from close distance from a crack in a 32-inch, 2300-psi water line will not experience a local
failure by punch shear. Therefore, it is not necessary to analyze the local punch shear failure of
concrete walls or steel plates due to fluid jets from cracks in pipe walls.

14B.2.3.2.5 Fluid Jet Range

Any safety-related structure, piping component, and equipment located in the fluid jet
traveling path is considered susceptible to jet impingement. As the jet propagates away from the
pipe break area, it expands at a diverging angle. Therefore, the jet intensity decreases with
distance from the break location to the target, whereas the total jet force is assumed to remain
constant.
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14B.2.3.3 Pressure and Environment

The pressure buildup from the postulated break of a high-energy pipe in a compartment or
building is calculated using the computer program CUPAT (Reference 7).

14B.2.3.3.1 Introduction

CUPAT is a computer program used to calculate pressure and temperature transients in
various nuclear power plant compartments resulting from a postulated high-energy pipe break.
The output is used mainly for design purposes in establishing the peak pressure differentials
across the compartment walls.

This program was derived from the LOCTIC computer program (Reference 8) which was
used to calculate pressure and temperature transients for the primary containment. Chapter 5
discusses the current method for primary containment analysis. There are two major differences
between LOCTIC and CUPAT:

1. LOCTIC includes the effects of heat transfer by providing subroutines to handle sources and
sinks. CUPAT assumes a volume that receives heat and mass from a broken piping source
and discharges heat and mass to its surroundings, but aside from that there are no other heat
sources or sinks (adiabatic assumption).

2. CUPAT allows for flow out of the volume considered as well as flow in. There is no provision
in LOCTIC for mass outflow from the containment volume.

In order to calculate the transients within a compartment, CUPAT numerically solves finite
difference equations defining heat and mass flows into and out of the compartment. The program
uses the same basic assumptions as those used in LOCTIC, namely:

1. Mass and energy added or removed during each small time step are based on rates
determined at the start of the time step; i.e., during any time interval, the thermodynamic
state is assumed to be steady and the response of the flow out of the volume to changes in the
thermodynamic state is instantaneous (quasi-steady-state assumption).

2. The atmosphere in the compartment mixes instantaneously and homogeneously, i.e., at each
point in time, the atmosphere is in a state of thermodynamic equilibrium.

A detailed description of the approach to the problem is presented below.

The calculational approach used in CUPAT is summarized in the block diagram shown in
Figure 14B-9. Blocks (1) through (5) in the figure are traversed once for each time step.

14B.2.3.3.2 Calculational Approach

14B.2.3.3.2.1 Quasi-Steady-State Assumption. The problem of analyzing the transient effects of
a LOCA is very complex. The thermodynamic state of the compartment atmosphere is
continuously changing. This state depends on the mass and energy flows into and out of the
compartment. The flows, in turn, are dependent on the thermodynamic state within the
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compartment. In order to solve such a problem numerically, some simplifying assumptions must
be made.

First, the system is defined as the compartment atmosphere at any given time. This includes
any air, steam, and water droplets present, but not the walls, equipment, or internal structure of the
compartment itself. If the time step is small enough, the net rate of mass and energy addition to
the system will not vary appreciably during the time step. Thus, the flow rates are calculated
assuming that the thermodynamic state does not change during the time step, and this assumption
eliminates the need to iterate and converge on the inflow and outflow for each time step. This
approach was used in LOCTIC (which also includes heat flows) for the primary containment
transients, and is also used in CUPAT.

14B.2.3.3.2.2 Mass and Energy Flow Rates into Compartment. The mass and energy flow rates
into the compartment are supplied as input to the program in tabulated form. These blowdown
rates into the compartment may be obtained from the output of a LOCTIC or LOCTVS
(Reference 9) computer run or from the assumption of Moody flow (Reference 10) with a known
pressure blowdown.

The flow of fluid from a piping break is relatively insensitive to the back pressure in the
compartment, since the pressure in the high-energy line is above 275 psig. Thus, the mass and
energy inflow data specified as input are close to the actual flow, but are conservatively high.

14B.2.3.3.2.3 Calculation of the Thermodynamic State of the Compartment. In each time step
of the numerical calculation, equilibrium temperature and pressure in the compartment are
determined based on new values of mass and internal energy. Properties of water are obtained
from the steam tables. The detailed procedure by which the pressure and temperature of the
compartment atmosphere are found from the updated values of mass and internal energy is
described below.

Initially the equilibrium state is considered to be a two-phase mixture of air, saturated
steam, and saturated liquid. However, if the energy content for the given mass is greater than that
required for saturation, a single-phase mixture of air and superheated steam is determined.

To arrive at the correct equilibrium conditions, a curve of internal energy of the air, steam,
and liquid in the volume versus temperature is generated. The basis for the curve is that the mass
of water present in the compartment is at a saturated equilibrium state for each temperature, and
the total internal energy of the system at this temperature is calculated accordingly. The actual
total internal energy is then used to enter this curve and find the true temperature. The total
pressure is then determined by adding the vapor pressure to the air partial pressure, which is
calculated by the ideal gas flow at this temperature.

In the case where the contents form a superheated vapor, the superheat section of the steam
tables is used to match the specific volume of the steam and the internal energy to find the
equilibrium temperature and pressure.
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14B.2.3.3.2.4 Calculation of Flow Rate Out of Compartment. The CUPAT computer program
uses the LOCTVS vent flow (Reference 11) to determine the flow rate out of the compartment. A
homogeneous flow model is used in LOCTVS to calculate flow out of the drywell through the
vents of a pressure suppression containment. Although flow through the vents is characterized by
slip between the gaseous and liquid phases, a homogeneous model yields lower flow rates and is
used for conservatism. The ability of the vent flow model to conservatively predict flow through
the vents has been checked against the Bodega and Humboldt Bay pressure suppression tests.

14B.2.4 Protection Against Pipe Whip

A combination of three basic approaches was used for the protection of targets from
whipping pipes. These approaches include:

1. Separation of redundant features by distance or location so that at least one feature remains
intact.

2. The incorporation of many redundant features into the design of the safety-related systems
for assurance of reliability.

3. For the largest main steam and feedwater lines, an extensive inspection program was devised
for each postulated break point. By means of ultrasonic and/or radiographic testing in
addition to a visual surveillance program, defect propagation can be detected at any early
stage and repaired accordingly, thereby ensuring the integrity of each postulated break point.

14B.2.5 Analysis of Seismic Category I Structures

Analysis of Seismic Category I structures for loads other than pipe break in the main steam
valve house is given in Section 15.2.

14B.3 HIGH-ENERGY SYSTEMS

14B.3.1 System Identification

The following systems contain high-energy lines, as defined in Section 14B.2:

1. Main steam.

2. Feedwater.

3. High-pressure heater drains and vents.

4. Moisture separator drains.

5. Auxiliary steam.

6. Condensate.

7. Low-pressure heater drains and vents.

8. Boron recovery.
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9. Liquid waste.

10. Chemical volume and control.

11. Safety injection.

12. Steam generator blowdown.

13. Extraction steam.

14. Sample.

The high-energy lines in these systems were reviewed in conjunction with safety-related
and safe-shutdown equipment (Table 15.2-1) by means of a detailed drawing review and onsite
inspection. Those portions of the high-energy lines in proximity to the safety-related and
safe-shutdown equipment have been identified. These portions of the high-energy lines are
defined as sources and are presented in Table 14B-2.

The safety-related equipment and plant shutdown equipment in proximity to these sources
(identified as targets) are listed in Section 14B.4.1.

Table 14B-2 presents a listing of the high-energy line sources with their maximum
operating conditions, locations, and seismic classifications. These lines were individually
analyzed for adverse effects on targets. Sources such as smaller lines located in the target areas
were not individually analyzed, since the sources listed were the worst cases for their respective
areas.

14B.3.2 Quality Assurance and Inspection

Piping presently installed was designed and fabricated in accordance with the criteria
described in Section 1.4, Compliance with Criteria.

14B.3.3 Detection of Failures

As described in Section 7.2 and delineated in Table 7.2-1, reliable and redundant systems
have been incorporated into the present plant design for detection of failures in the main steam
and feedwater systems.

As described in Section 11.3.4, the area radiation monitoring system is designed to alarm
when radiation levels in their associated areas are slightly above background. This system detects
pipe failures in systems containing radioactive fluids.

Detection for breaks in lines routed through the Auxiliary Building is discussed in
Section 14B.5.3.3.



Revision 39—09/27/07 SPS UFSAR 14B-14
 

14B.4 PLANT SHUTDOWN AND SAFETY-RELATED EQUIPMENT

14B.4.1 Introduction

Table 14B-3 lists the systems and major equipment locations that constitute postulated
targets among the plant shutdown and safety-related equipment. Associated cables and controls
are considered along with this equipment.

14B.4.2 Emergency Procedures

Main steam or feedwater breaks outside the containment are discussed in Section 14B.6.
Subsequent to a main steam or feedwater break, assuming offsite power is unavailable, plant
shutdown is achieved by actuation of the emergency core cooling system and removal of core
decay and sensible heat via steam release through the steam generator power operated relief
valves, and maintenance of steam generator water inventories by means of the auxiliary feedwater
system.

Section 9.3 details the operation of the residual heat removal system necessary for
long-term cooling and cold shutdown of the reactor.

Shutdown equipment is normally controlled from the control room. However, in the event
that evacuation of the control room is necessary, shutdown equipment can be controlled from an
auxiliary shutdown panel.

Emergency procedures direct the operators to perform mitigating actions in the event of a
high-energy line break outside containment. The operator response to a break in the main steam
valve house is described in Section 14B.6.

14B.4.3 Relationship of High-Energy Lines to Safe-Shutdown and Safety-Related 
Equipment

Figures 14B-10 through 14B-17 show the high-energy systems and the safe-shutdown and
safety-related equipment.

14B.5 EFFECTS OF PIPE BREAKS AND CRACKS

14B.5.1 Main Steam

14B.5.1.1 Break Locations

Break locations were postulated in the main steam lines from the containment to the turbine
building in accordance with Section 14B.2.2. For the main steam line, 0.8 of the allowable
thermal stress is 22,500 psi, and 0.8 of the allowable combined primary and secondary stress is
0.8 (SA + Sh) = 37,500 psi. Since 0.8 of the allowable stresses was not exceeded, the two
intermediate locations between terminal points were selected on the basis of maximum
primary-plus-secondary stress. Piping downstream of the manifold common to the three steam
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lines was not analyzed seismically. For this piping, pipe breaks were assumed; however, because
of separation, no further analysis is required. At all break points, both circumferential and
longitudinal breaks were postulated to occur.

The break points are listed in Table 14B-4 along with the thermal and combined stress
levels. The break locations are shown on Figure 14B-10.

Cracks were selected in the vicinity of all targets.

14B.5.1.2 Separation

The steam lines in the turbine building were analyzed, and satisfactory separation was
found to exist between steam lines and any safety-related features.

The control room and emergency diesel-generator rooms are separated by sufficient
distance from all high-energy lines, so that whipping pipes or steam jets will not adversely affect
their respective functions. These conclusions were based on results given in Section 14B.2.3.

The auxiliary feedwater modification described in Section 14B.5.1.7 provides a system
widely separated from postulated breaks.

14B.5.1.3 Pipe Whip

An extensive nondestructive testing program, as described in Section 14B.5.1.6, is used to
preclude breaks, thereby making pipe whip a noncredible incident.

Since the guideline referenced in Section 14B.1.1 requires a postulated failure, each
postulated main steam line break has been evaluated for the effects of pipe whip. Because
feedwater supply to the steam generators is the ultimate requirement for a safe shutdown, the
evaluation was based on maintaining the feedwater function. The results of this investigation are
shown in Table 14B-5. These results were based on the plastic hinge lengths established in
Section 14B.2.3.1 and on discussions with the turbine-driven auxiliary feedwater pump
manufacturer indicating that the pump can operate in a steam environment.

Since loss of offsite power must be assumed, and the turbine drives are not environmentally
qualified by tests, additional assurance that feedwater will be maintained is obtained by the
auxiliary feed cross-connect system. As shown in Table 14B-5, there are no effects on the
auxiliary feed cross-connect system, considering all postulated breaks. The auxiliary feed cross
connect was a modification to the initial plant design and is discussed in Section 14B.5.1.7.

14B.5.1.4 Fluid Jet Effects

Jet impingement loadings on the walls, valves, and pipes inside the main steam valve house
have been calculated. The time-history results of jet force from a pipe break at the most adverse
location in the steam line within the valve house is calculated as follows (Section 14B.2.3.2):

F(t) = 1.0 PoA for t ≤ 0.020 sec
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F(t) = 0.7 PoA for 0.020 sec < t ≤ 0.113

F(t) = 0.19 PoA for t > 0.113 sec

The initial jet force on the walls was calculated as:

Fo = K Po A

where:

K = initial thrust coefficient = 1.0

Po = hot standby pressure = 1005 psig

A = flow area = 616 in2

F = 619 kips

For the longitudinal breaks, the break size was taken as 60 x 10.3 inches with the jet
diverging at a 20-degree inclusive angle. The impingement areas, jet pressures, and loads
corresponding to each of the postulated breaks are indicated in Table 14B-6.

Local damage to the walls and floors was checked based on Section 14B.2.3.2. The
conservative calculation, which assumes a dynamic factor of two and no energy loss, indicates
that the floor at Elevation 27 ft. 6 in. is subject to some local damage from jet impingement.
However, the containment, the walls, and the roof withstand the effects of jet impingement with
no punch shear damage.

For breaks of the main steam lines, jet impingement loads on the valves were calculated.
The maximum normal force on the valves is given by:

Fv = C Pt At cos2 α/1000 (kips)

where:

C = shape factor for flow around the valve, cylinder, C = 0.6

Pt = initial jet pressure at the target (psi)

At = impingement area (in2)

α = incident angle

The maximum normal jet forces on the valves are listed in Table 14B-7. It should be noted
that these loads drop instantaneously to a fraction of the levels recorded. Available calculations
indicate that the nonreturn valve will continue to function as a check valve, preventing blowdown
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of the undamaged loops. Calculations indicate that jet impingement will not break a main steam
trip valve housing, but can cause the valve to fail open. However, with the nonreturn valve
operable, a broken line could still be isolated, so that only one steam generator would blow down.

14B.5.1.5 Pressure and Environment

The main steam valve house and the reactor trip switchgear room, as shown in
Figure 14B-10, are the only target areas that can be affected by steam following a postulated break
or a crack in a main steam line, as discussed in the following sections.

As shown on Figure 14B-10, the reactor trip switchgear room is far removed from the
source lines; therefore, the probability of having a steam environment within the room is
extremely remote.

With the existence of the nondestructive testing program, as described in Section 14B.5.1.6,
only smaller steam-line breaks need to be considered for pressure effects on the main steam valve
house. The pressure buildup within the valve house, following a smaller steam-line break, is
negligible.

In order to comply with the criteria, as referenced in Section 14B.1.1, the pressure in the
main steam valve house has been calculated for the largest steam-line break. Frictionless Moody
flow and the CUPAT computer program, as described in Section 14B.2.3.3, were used in these
calculations. The results are shown in Figure 14B-18.

The main steam valve house contains many targets, as shown in Table 14B-3. As detailed
below, all the targets either fail in the safe position or operate mechanically:

1. Targets that fail in the safe position.

a. Main steam trip valves (close).

b. Auxiliary feed pump steam isolation valve (open).

2. Targets that operate mechanically.

a. Feedwater isolation check valves.

b. Main steam nonreturn valves.

c. Main steam safety valves.

d. Turbine driver for auxiliary feed pump.

Furthermore, all electrical cables considered as targets are the same as the cables used
inside the containment. Since this cable has been qualified by test for post-design-basis-accident
conditions inside the containment, the cabling is not subject to common mode environmental
failure.
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The blowdown rates used to obtain the above results were based on blowdown of one steam
generator, following the postulated steam-line break. The blowdown of only one steam generator
can be justified by taking no credit for the main steam trip valves, but taking credit for the
nonreturn valve (NRV-201A, B, C for Unit 2) in the affected steam line. Credit for the nonreturn
valve is justified as follows:

1. As described in Section 14B.5.1.4, jet impingement will not affect the intended performance
of this valve.

2. There is no instrumentation or electrical component required for operation of the valves. The
nonreturn valves require only reverse steam flow for their intended operation.

3. In the worst case, where blowdown is the greatest following the postulated steam-line break,
the steam system is in the hot standby condition. Blowdown is greatest for this case, since the
steam-line pressures are at a maximum. In this condition, there is little or no steam flow to
hold the valve disk in an open position; therefore, the valve is performing its required
function even before the postulated failure. In all cases, when the system pressure is high,
with respect to the pressure at 100% power, the flow rates are low and the valve is in a nearly
closed position before the postulated incident occurs.

14B.5.1.6 Inspection Program for Large Steam Lines

An extensive nondestructive testing program is provided for the main steam postulated
break points in the main steam valve house. These points, a total of 12 for each unit, are shown in
Figure 14B-10.

14B.5.1.6.1 Procedures

A program of periodic examination exceeding the requirements of ASME Section XI,
Winter Addenda 1972, as instituted by Regulatory Guide 1.51, was originally provided as
follows:

1. A baseline examination was performed including 100% coverage of all subject points.

2. Inservice examinations were performed including 100% coverage of all subject points for the
initial 3 years of the 10-year inspection interval as defined by ASME Section XI.

3. Examinations were performed including 100% coverage of all subject points for two
subsequent inservice examinations.

Currently, the Virginia Power Augmented Inspection Program includes periodic
examinations that meet the requirements of the Technical Specifications. This program requires
ultrasonic and surface examinations to be performed on 1/3 of the welds every 40 months, with a
cumulative 100% coverage of all welds by the end of the interval. Repairs are made as required.
Upon completion of any repairs, the program, as described above, will be reinstated for the
repaired postulated break point.
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In addition to the above testing program, a visual inspection of the surface of the insulation
at the main steam break point locations in question is performed weekly for detection of leaks. If
a leak is detected, it is immediately investigated and repaired if the leakage is caused by a
through-wall crack.

14B.5.1.6.2 Methods

The ultrasonic test procedures include the examination of the postulated break points and
heat-affected zones. Consideration of weld thickness, geometry, material, and curvature
parameters results in establishing the appropriate transducer sizes, optimum beam angles, and
frequencies for test reliability and repeatability. Where appropriate, additional techniques are used
for evaluating reflectors and obtaining characterization data. Test sensitivity is in accordance with
ASME Section XI, which defines reference calibration requirements.

14B.5.1.6.3 Basis for the Inspection Program

As shown in a PVRC report (Reference 12), and a Virginia Power Technical Report
(Reference 15), toughness of nuclear power plant piping materials is high enough to prevent
brittle fracture at operating conditions. This conclusion can be supported by fracture mechanics
calculations.

Furthermore, from the following fracture mechanics techniques and calculations, the critical
size of surface and internal flaws far exceeds the thickness of the piping material. Consequently, a
surface or an internal flaw will extend through the wall thickness and form a subcritical
through-wall crack, which will leak before it reaches its critical size.

The main steam line material is SA155, grade CMS 75, Class 1, outside diameter 30 inches,
wall thickness 1 inch. Plate material for piping is SA299. Fittings were fabricated from
ASTM A299 steel plate stock, using the ASTM A234 Grade WPB specification. Fitting material
equivalent to ASTM A691, Grade CMS 75, Class 32: carbon-manganese-silicon alloy steel can
be used as replacement material for the main steam line pipe and fittings.

Feedwater line material is ASTM A106 Grade B: Carbon steel. Fittings are ASTM A234
WPB. ASTM A335 Grade P11 or P22: Chromium-Molybdenum steel can be used as replacement
material for feedwater seamless pipe. ASTM A234 WP11 or WP22 can be used a replacement
material for fittings.

For both main steam and feedwater piping, the ASME SA equivalent materials can be used
as a preferred substitute for ASTM materials.

14B.5.1.6.4 Fracture Mechanics

The application of fracture mechanics techniques allows prediction of the critical flaw size
that can cause fast or unstable fracture in a stressed structure.
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When the critical flaw size is established for a nominal stress level, it is possible to decide
the acceptable defect size. One of the criteria is the leak-before-fracture criterion, which requires
that the defect wall propagate slowly through the wall of the pipe and that the pipe will leak before
the crack is large enough to trigger the fast fracture.

Fabricated structures usually contain several types of defects, including surface flaws,
internal flaws, and through-the-thickness cracks. The critical flaw size will be calculated for each
of these flaws using fracture mechanics relationships. These formulas were used in two recently
published papers (References 12 & 13) treating similar problems. As emphasized in the PVRC
Recommendations on Toughness Requirements for Ferritic Materials (Reference 12), the pipe
wall section is usually not thick enough to support plane strain fracture propagation, which can be
properly analyzed by the fracture mechanics methods. In other words, the load limits and critical
flaw size calculated using fracture mechanics will in general be more conservative for pipe than
for the thick section structures where the plane stress conditions can exist. Fracture will occur
when the value of the stress intensity factor KI reaches the critical value KIC. The critical flaw size
is related to the KIC in several different formulas depending on geometry of structures, flaws,
shape, and environmental factors. In this work, the following assumptions were made about
factors affecting the relation between the KIC and the critical flaw size:

1. Material properties (toughness and strength) of the weld metal and the heat-affected zone in
the longitudinal and circumferential weldments are the same as in the base material.

2. The lowest and the highest temperatures in the main steam line are 510°F and 547°F. The
lowest and the highest temperatures in the feedwater line are 438°F and 450°F. However,
only the lowest temperatures are used in calculations of fracture toughness because they give
more conservative values for critical crack size.

3. Because of uncertainty involved in evaluating the possible stress state, Irwin’s (Reference 14)
suggestion was accepted that the membrane stress is equal to the yield strength. For SA106B
pipes, Class 1 data are given in Section III. For SA155 (plate SA299) material, the elevated
temperature yield strength was not given in Section III, Class 2, and the allowable design
stress data for Class 1 were used to get the yield stress.

4. The stress intensity factor of 300,000 psi  was used (Reference 13) for SA106B pipe. In
this work, a lower value of 200,000 psi  was accepted, which would correspond to the
reference stress intensity factor KIR at the temperature NDT + 180°F. The lowest temperature
for SA106B pipe is 438°F, and for SA155 pipe, 510°F, which means that the NDT
temperature in the first case would be 438–180 = 258°F, and in the second case,
510–180 = 330°F. This is of course a very conservative assumption, because the NDT
temperature for these materials is below room temperature.

Toughness of replacement materials is documented in Reference 15. This reference
provides technical justification for use of replacement materials based upon fracture toughness of

in.
in.
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materials. The replacement materials are assessed using linear-elastic fracture mechanics,
elastic-plastic fracture mechanics, and limit load methods.

14B.5.1.6.4.1 Internal Flaw. The internal flaw is an ellipsoid, as shown in Figure 14B-19,
Part A. The flaw is located in the center of the pipe wall. The flaw can be axial (major axis parallel
to the pipe axis) or circumferential (major axis perpendicular to the pipe axis). A further
assumption is that the flaw is small compared to the pipe radius. Thus the curvature effect can be
neglected and the pipe can be approximated with an infinite plate under uniform applied stress.
The stress intensity factor KI for this model is given (Reference 13) as:

where:

σ = applied stress

β = angle at which the stress intensity is calculated

ø = the following elliptical integral:

ø =

At the tip of the major axis β = 0, while at the tip of the minor axis, .

If it is assumed that the major axis of the ellipsoid is twice as long as the minor axis, the
equation for KI becomes:

KIC = 0.826 σ (πacr)
1/2

It has been shown that, for an elongated crack (b>>a), the critical stress intensity factor is
given by:

KIC = 1.2 σ (πacr)
1/2

Substituting the values for the stress intensity factor and applied stress (yield strength at the
temperature) in the first equation for KIC results in the following:

Material Temperature °F 2 acr(Critical Flaw Size), in.

SA106B 400 42.0

SA155 500 46.5

KI βsin2 a2

b2
----- βcos2+

1 2⁄ σ πa( )1 2⁄

φ
----------------------=

1 b2 a2
–

b2 
----------------  sin2θ–

1/2

θd
o

π/2

∫

β π
2
---=
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Substituting the values for the stress intensity factor and applied stress in the second
equation for KIC results in the following:

As can be seen, all critical flaw size values are much greater than the wall thickness, which
means that the flaws would extend through the wall without becoming critical. In other words, the
internal flaw will become a through-the-thickness crack and will leak.

14B.5.1.6.4.2 Surface Flaw. The surface flaw is a semi-ellipsoid, as shown in Figure 14B-19,
Part B. The flaw can be axial or circumferential, as in the previous case. Again the curvature
effect is neglected, and the stress intensity factor is given (Reference 13) as:

KIC = 1.12σ (πacr)
1/2

As in the case of the internal flaw, the surface flaw will penetrate the pipe wall without
becoming critical.

14B.5.1.6.4.3 Axial Through-Wall Crack. The simplest formula for axial through-wall cracks is
obtained when the pipe is assumed to be infinite plate; that is, the diameter is much greater than
the thickness. The critical crack size for such a simple case is (Reference 12):

KIC = σ (πbcr)
1/2

where 2 bcr is the critical crack length. The geometry is shown in Figure 14B-19, Part C. When
the pipe diameter decreases, corrections are necessary. As a result of tests at Battelle Memorial
Institute on SA106B piping, the critical size of the axial through-wall crack is given
(Reference 13) as:

where:

bcr = critical half-length

Material Temperature °F 2 acr(Critical Flaw Size), in.

SA106B 400 19.6

SA155 500 22.8

Material Temperature °F acr(Critical Flaw Size), in.

SA106B 400 11.3

SA155 500 13.2

bcr = 
Rt

1.61
---------- σ*

σ
------⎝ ⎠
⎛ ⎞  -1

⎩ ⎭
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎧ ⎫

1/2
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σ* = flaw stress

R = average pipe radius

t = thickness

Flow stress data were not available for SA155 piping. The strength of this material is higher
than the strength of SA106B steel. Consequently its flow stress must be greater than the flow
stress of SA106B steel. To calculate bcr, the flow stress value used was based on the ratio of
ultimate tensile strength of SA106B material to SA155 material.

14B.5.1.6.4.4 Circumferential Through-Wall Crack. It is shown (Reference 13) that the critical
length of a circumferential through-wall crack is greater than the critical length of an axial crack.

14B.5.1.6.4.5 Flaw Growth. Under the influence of cyclic loads, small defects can grow to
critical size. It has been shown that an empirical expression accurately describes the flaw growth:

 = C (ΔK)m

where  is the flaw growth rate, ΔK is the change in stress intensity factor per cycle; C

and m are constants.

The following calculation (Reference 13) describes the growth of the code allowable
internal and surface flaws into through-wall cracks. Since the size of these flaws is small, pipe
curvature can be neglected and there is no difference between axial and circumferential flaws.
Surface defects in Seismic Category I piping allowed by the code are defects with a maximum
depth of 5% of the wall thickness (t). Therefore the maximum flaw depth will be 0.05t. The
material constants have values of C = 1.6 × 10-4 in-1 and m = 4 (at 550°F). Note that the value of
the exponent m is conservative. The exponent varies between 2 and 4 for different steels and,
using its maximum value, the growth rate will be the fastest.

Integration of the previous equation gives the number of cycles:

n =

Material Temperature °F Equation  2 bcr (Critical Flaw Size), in.

SA106B 400 KIC 28.4

SA106B 400 bcr 5.5 (14-inch o.d. Schedule 80)

SA106B 400 bcr 7.5 (18-inch o.d. Schedule 100)

SA155 500 KIC 33.2

SA155 500 bcr 9.5

da
dn
------

da
dn
------

 da
C ΔK( )4
--------------------

ai

af

∫
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where ai = 0.05 t is the initial flaw depth (the code allowable defect) and af is the final flaw
depth. For a surface flaw, the integral becomes:

n =

If af = thickness, then n is the number of cycles to develop a through-wall crack. When the
equation for n is applied to SA155 pipe, ai = 0.05 x 1 = 0.05 in. and af = 1 in. σ = yield stress at
550°F (the flaw growth will be faster at higher temperatures).

The additional growth of this defect to reach critical size is not important because the pipe
will leak and the leak will be repaired.

It has been shown that the growth of an internal flaw is even slower than in the above case
(Reference 13). The number of cycles during the lifetime of a nuclear power plant can be obtained
taking into account daily and weekly power reductions, start-ups, shutdowns, and other changes in
pressure. An estimate (Reference 13) gives the number of cycles at about 13,000, which is much
smaller than the value for the formation of a through-wall crack.

14B.5.1.7 Modifications

The following modifications to the initial plant design were made to further ensure
safe-shutdown reliability and the operation of plant protective features:

1. The pump discharge piping of the auxiliary feedwater systems in Units 1 and 2 were cross
connected so that the unaffected system will have the capability of maintaining both units in
a shutdown condition. Furthermore, an additional source of makeup water for the auxiliary
feedwater systems was installed. An in-ground 100,000-gallon emergency condensate
makeup tank and two booster pumps can supply the suction of the unaffected auxiliary
feedwater pumps. These modifications were designed and installed in accordance with
ANSI B31.1-1967, Seismic Category I criteria, and are also tornado-protected. These
modifications are shown in Figure 14B-20.

As described in Section 14B.6 one auxiliary feedwater pump is required to remove stored
and residual heat. Therefore, no redundancy requirements were lost for either unit since each
unit is equipped with two motor driven auxiliary feedwater pumps (350 gpm nominal flow
rating) and one turbine driven auxiliary feedwater pump (700 gpm nominal flow rate).

Since, with the modifications, the unaffected auxiliary feedwater system can be required to
supply both units, the residual heat removal capacity from the original 110,000-gallon
emergency condensate storage tank is halved. Another reliable source of water is the fire
protection system main, which has the capability of supplying 500,000 gallon of water to the
suction side of the unaffected auxiliary feedwater pumps. In addition, the 300,000-gallon

1
C
----  da

1.12σ πa( )1/2[ ]
4

---------------------------------------
ai

af

∫

n 4.13 109 1
27.7( )4

----------------- 1
0.05
---------- 1–⎝ ⎠
⎛ ⎞×× 132 000 cycles,= =
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condensate storage tank used for normal condensate makeup can be used to supply the
110,000-gallon emergency condensate storage tank utilizing gravity flow. The
100,000-gallon emergency condensate makeup tank was added to enhance the reliability of
the modified system.

2. The turbine drivers for the containment spray pumps were disconnected from their steam
supply lines and the three-inch lines were removed from the containment spray pump room.
These modifications eliminated the containment spray pumps as a target.

Since the turbines were used only as redundant pump drivers for the two full-size
containment spray pumps, the pumps with their motor drivers still maintain the redundancy
requirements of the containment spray system.

3. In response to an Atomic Energy Commission (AEC) inquiry concerning the ability to shut
down the reactor following the postulated loss of the main steam valve house (MSVH),
Virginia Power committed to a SI system modification (Reference 16). The AEC’s inquiry
was made during the original review of FSAR Appendix D (currently Appendix 14B). The
modification installed a SI system piping cross-connect between the Unit #1 and Unit #2
RWSTs and associated valves and controls (refer to Section 6.2.2.1.4). The modification
ensures a supply of RWST water to each unit’s SI charging pumps in the event the normal
supply line is rendered inoperable due to the postulated loss of the associated main steam
valve house. It should be noted that charging pump suction piping from the RWST was not
identified as a potential target for a high energy line break (HELB) in the MSVH.

14B.5.2 Feedwater

14B.5.2.1 Break Locations

Break locations were postulated in the feedwater lines from the containment to the
feedwater pumps in the turbine room in accordance with Section 14B.2.2. For the feedwater lines,
0.8 of the allowable thermal stress was 18,000 psi. For each line considered, none of the
calculated thermal stresses exceeded 0.8 of their allowables. Piping upstream of the containment
was not analyzed seismically, so that intermediate points were selected on the basis of maximum
thermal stress. For piping from the containment to the turbine building, two intermediate locations
were selected. Breaks were assumed for piping in the turbine building; however, because of
physical separation, no detailed analysis was required. At all break points, both circumferential
and longitudinal breaks were considered.

The break points are listed in Table 14B-8 along with thermal stress levels, as calculated.
The break locations are shown in Figure 14B-10.

Cracks were selected at all locations in the vicinity of targets.

The environmental impact on the adjacent EQ rooms resulting from the worst case turbine
building high energy line break (HELB) have been determined. The temperatures in these rooms
were calculated as a function of EQ barrier breach size. These rooms include the control room
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envelope, MER-5, and the emergency diesel generator rooms. The size of these breaches into the
above rooms is limited based on the average internal room temperature of 120°F (see
Section 7.7.1).

14B.5.2.2 Separation

The same degree of separation provided between targets and a postulated steam-line break
is found for the postulated feedwater line break.

14B.5.2.3 Pipe Whip and Fluid Jet Effects

The effects of pipe whip and fluid jets from a postulated feedwater line break are similar but
less severe than a main steam line break.

Table 14B-9 contains the results of the evaluation for maintaining the feedwater system
functional. All the assumptions required for the main steam system as described in
Section 14B.5.1.3 also apply to the feedwater system.

14B.5.2.4 Pressure and Environment

The main steam valve house will withstand the pressure buildup from a postulated
feedwater line break, which is less than the steam-line break pressure buildup. Environmental
effects are similar to the main steam line break but less severe.

14B.5.2.5 Inspection Program for Larger Lines

An extensive nondestructive testing program was initiated for the main feedwater postulated
break points in the main steam valve house. These points, a total of eight for each unit, are shown
in Figure 14B-10.

14B.5.3 Other High-Energy Lines That Maintain Maximum Operating Temperatures 
Greater Than 200°F and Maximum Operating Pressures Greater Than 275 psig

14B.5.3.1 Break Locations

Figures 14B-11, 14B-12, and 14B-13 show the break locations that were postulated for
circumferential and longitudinal breaks. Postulated break locations were selected in accordance
with the criteria specified in Section 14B.2.2. Tables 14B-10 and 14B-11 list the stresses in the
piping systems at the postulated break locations. Designated numbers for these high-energy lines
are:

1. Steam Generator Blowdown

Unit 1 Unit 2 

3"-WGCB-1-601 3"-WGCB-101-601

3"-WGCB-2-601 3"-WGCB-102-601

3"-WGCB-3-601 3"-WGCB-103-601
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2. Letdown from Regenerative Heat Exchanger

Cracks were postulated throughout the length of the lines for any adverse effects on targets.
For computation of crack size, the diameter and wall thickness of these pipes are given in
Table 14B-2.

14B.5.3.2 Pipe Whip and Fluid Jet Effects

The letdown line and the steam generator blowdown lines will be permitted to whip in the
event of a postulated circumferential break. It has been determined by an extensive drawing
review, onsite inspection, and pipe break analysis sheets that no additional restraints are required
in order to meet the criteria for pipe breaks. An example of the pipe break analysis sheets for these
lines is given in Table 14B-12. Target protection is maintained in the following manner:

1. By means of physical separation, including distance, building support columns, concrete
walls, and larger sized pipes, and/or

2. By means of the many redundant features originally designed into the existing systems.

In all cases, the postulated pipe break will not jeopardize a safe plant shutdown.

14B.5.3.3 Pressure and Environment

For the high energy line break analysis, the flow from the broken letdown line was 60 gpm
with an operating temperature of 287°F and a pressure of 289 psig; therefore only local effects
were considered. Although the actual letdown flow and pressure may be higher than these values,
the conclusions of the analysis remain bounding.

The limiting case for pressure buildup and auxiliary building environmental conditions is
the break of a 3-inch steam generator blowdown line. The maximum flow rate through this line is
140 lb/sec at a maximum operating temperature of 515°F and pressure of 775 psig. Calculations
were made considering the area in which the blowdown lines are located as the worst case. This
area is shown in Figure 14B-11 and extends to the charging pump cubicle walls as shown in
Figure 14B-12. Because of the large volume and the large vent areas, there will be negligible
pressure buildup within this volume, but the temperature in this area can essentially reach 212°F if
blowdown is not stopped. Therefore, temperature sensors are provided in various areas of the
Auxiliary Building to provide individual temperature indication and an alarm in the main control
room to alert the operators to a potential problem.

An excess flow-measuring device mitigates the consequences of a steam generator
blowdown line break outside the containment. This device is located upstream of the inside
containment isolation valve. If blowdown line flow exceeds a predetermined value, a signal will
close the inside containment isolation valve for that blowdown line. Automatic isolation of the

Unit 1 Unit 2 

2"-CH-6-602 2"-CH-306-602
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steam generator blowdown lines is accomplished within 30 seconds in the event of a piping break.
Also, manual isolation associated with other breaks or cracks must be made within 15 minutes to
meet the environmental qualification requirements of certain Class 1E components in the
Auxiliary Building.

Also, excess flow is annunciated in the control room. Indication of isolation valve closure
presently exists in the control room.

Detection and subsequent isolation of the affected line will inhibit the increase of
temperature and humidity of the environment in the areas adjacent to postulated cracks or breaks.

14B.5.4 High-Energy Lines That Maintain a Maximum Operating Temperature of 
Greater Than 200°F or a Maximum Operating Pressure of Greater Than 275 psig

14B.5.4.1 Break Locations

Figures 14B-11 through 14B-15 show the locations of the high-energy lines in question. In
addition, Table 14B-2 gives the maximum operating conditions of each of the lines shown. Cracks
were postulated throughout the entire length of each line shown, and evaluated for any adverse
effects on targets. The diameter and thickness of these pipes are given in Table 14B-2 for
computation of crack size.

14B.5.4.2 Separation

Source lines not located within the confines of the areas shown in Figures 14B-10
through 14B-15 have no adverse effects on targets because of the physical separation provided by
the building arrangement. For this reason, high-energy lines outside these areas were not
considered as sources.

14B.5.4.3 Local Environmental Effects and Jet Impingement

In many cases, shutdown and other protective features are far enough removed from the
lines in question that local effects of a postulated crack will have no effect on even the redundant
features.

In other cases, target protection is maintained with the many redundant features designed
into the present systems and the separation of these by means of distance, walls, and location. An
example of one of the pipe break/mini-crack analysis sheets is shown in Table 14B-13.

Except for minor modifications, as discussed in Section 14B.5.4.4, the plant will always
maintain shutdown capability, and at least one each of the redundant protective features will
remain operable following a crack in these high-energy lines.
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14B.5.4.4 Modifications

In order to ensure a safe cold shutdown, the following modifications to the initial plant
design were made:

1. The charging pump cooling water pumps are shielded from direct impingement, in
accordance with Figure 14B-21.

2. One of the four component cooling pump cables is rerouted (shown in Figure 14B-14), so
that two of the pumps are always available (only one is required for hot standby).

14B.6 TRANSIENT ANALYSIS OF A HIGH-ENERGY LINE BREAK IN THE MAIN 
STEAM VALVE HOUSE

A break in a main steam or main feedwater (MFW) pipe in the main steam valve house
(MSVH) could be postulated to disable the auxiliary feedwater (AFW) pumps, resulting in a loss
of all feedwater on the accident unit. The main feedwater line break (MFLB) is shown to be more
severe than the steam line break with respect to core cooling and steam generator inventory
reduction. The MFLB in the MSVH is assumed to disable all main and auxiliary feedwater to one
of the units. The only source of AFW is from the opposite unit via the AFW cross-connect. This is
a limiting assumption that requires operator action within a specified time. Emergency procedures
direct the operators to perform mitigating actions for this event. A further limiting assumption is
that only a single motor-driven AFW pump (most degraded) is available from the other unit.

This transient is characterized by a rise in the reactor coolant system (RCS) temperature and
pressure and the pressurizer water volume due to a reduction in the capability of the secondary
system to remove the heat generated in the reactor core and by the reactor coolant pumps (RCPs).
AFW delivery via the cross-connect becomes the critical factor for maintaining a secondary heat
sink and preventing core damage. The key safety analysis parameters for this transient are the core
decay heat, time of AFW cross-connect flow delivery to the accident unit’s steam generators,
AFW flow rate and enthalpy, and time of RCP trip.

14B.6.1 Method of Analysis

The high-energy line break event is evaluated by modeling a loss of all MFW and AFW to
the affected unit and the initiation of AFW via the cross-connect by operator action as directed by
the station emergency procedures. The event was explicitly analyzed at hot full power
deterministic conditions. The transient analysis code RETRAN (Reference 17) was used to
simulate the reactor coolant system, core kinetics, and the feedwater and steam systems. The 1979
ANS decay heat standard with a two-sigma uncertainty was used to calculate post-trip reactor
core heat based on long-term operation at the initial power level preceding the trip. An assumed
AFW cross-connect flow rate was selected to be conservatively bounded by the design flow rate
from the most degraded AFW pump. AFW enthalpy was based on the highest allowable design
temperature in the emergency condensate storage tank.
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Two cases were analyzed to demonstrate the plant behavior for a loss of all feedwater event.
One case provided the limiting results with respect to the fuel integrity and steam generator dryout
(i.e., minimum secondary side liquid inventory) criteria. The other case provided the limiting
results for the primary and secondary system overpressure criteria. Reactor trip on a low-low
water level in any steam generator provides the necessary protection. Simulator verification runs
were performed to provide assurance that the operators can satisfy the analysis assumptions to
cross-connect AFW from the unaffected unit and trip the RCPs to maintain the secondary heat
sink and to ensure a safe plant shutdown. The analyses demonstrate that the event acceptance
criteria are met.

14B.6.2 Results and Conclusions

The loss of all feedwater due to a high-energy line break in the MSVH was analyzed to
demonstrate a long-term increase in steam generator inventory after AFW was provided and the
secondary system heat removal rate exceeded the heat production by the reactor coolant system.
The effects of a high-energy line break in the MSVH are mitigated by operator action in
accordance with the emergency procedures. The accident analysis meets all event acceptance
criteria (no RCS bulk boiling, no steam generator dryout, peak RCS and main steam system
pressures less than the limits).

14B.7 CONCLUSIONS

Surry Units 1 and 2 are designed with highly reliable and redundant systems for the purpose
of safe shutdown, considering normal and accident conditions. Furthermore, with the
modifications described in the text of this appendix, safe plant shutdown is ensured for all
postulated failures of high-energy piping outside of the containment.

The control room, which serves Units 1 and 2, will remain habitable and functional
following a failure of any high-energy line.

The emergency diesel generators, which are required to satisfy loss-of-offsite-power
criteria, will maintain integrity throughout a postulated high-energy piping failure incident.
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Table 14B-1
LENGTH OF PLASTIC HINGE POINT

Nominal Pipe
Size, in. Schedule Length, in.

10 80 97.4
14 80 122.6
24 80 197.8
30 l-inch wall 167.5
 32 l-inch wall 155.6

3a 80 77.4

Notes: 1. Carbon steel pipe (A106, Grade B).
2. Break at elbow.
3. Steam initially at 1050 psi.

a. Saturated water - 775 psig, 515°F.
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Table 14B-3
POSTULATED TARGETS

System Major Equipment Mark No. Location
Auxiliary feedwater Auxiliary feed pumps 2-FW-P-2

2-FW-P-3A
2-FW-P-3B

Main steam 
valve house 
(MSVH)

Auxiliary feed pump oil coolers
(1 per feed pump)

2-FW-E-7 
2-FW-E-8 
2-FW-E-9

MSVH

Auxiliary feed check valves
(1 per feed pump)

2-FW-142 
2-FW-157 
2-FW-172

MSVH

Chemical and volume 
control

Charging pumps 2-CH-P-1A
2-CH-P-1B
2-CH-P-1C

Auxiliary 
building

Boric acid tanks 1-CH-TK-1A
l-CH-TK-1B
1-CH-TK-1C

Auxiliary 
building

Boric acid tank heaters 1-CH-E-6A
1-CH-E-6B
1-CH-E-6C

Auxiliary 
building

Boric acid transfer pumps 1-CH-P-2C
1-CH-P-2D

Auxiliary 
building

Boric acid isolation valves MOV-2350 Auxiliary 
building

Volume control tank isolation 
check valve

2-CH-230 Auxiliary 
building

Cold-leg isolation valves (normal 
charging)

MOV-2289A
MOV-2289B

Auxiliary 
building

Charging pump discharge valves MOV-2286A
MOV-2286B
MOV-2286C
MOV-2287A
MOV-2287B
MOV-2287C

Auxiliary 
building

Reactor coolant pump seal 
isolation valve

MOV-2370 Auxiliary 
building

Refueling water storage tank 
isolation valves

LCV-2115B
LCV-2115D

Auxiliary 
building
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Chemical and volume 
control (continued)

Alternate charging paths - isolation 
valves (redundancy)

FCV-2160
MOV-2867A
MOV-2867B
MOV-2867C
MOV-2867D
MOV-2869A
MOV-2869B
MOV-2842

Auxiliary 
building

Charging pump discharge pressure 
(not required because of the 
availability of pressurizer level)

PT-2121 Auxiliary 
building

Charging pump flow transmitter 
(not required because of the 
availability of pressurizer level)

FT-2122 Auxiliary 
building

Flow control valve for the charging 
pump (fails open) 

FCV-2122 Auxiliary 
building

Main feedwater Main feedwater isolation check 
valves (3)

2-FW-12 
2-FW-43 
2-FW-74

MSVH

Main steam Main steam nonreturn valves NRV-MS201A
NRV-MS201B
NRV-MS201C

MSVH

Main steam trip valves TV-MS201A
TV-MS201B
TV-MS201C

MSVH

Auxiliary feed pump steam 
isolation valve

PCV-MS202A
PCV-MS202B
(F/open)

MSVH
MSVH

Main steam safety valves
(required only for main steam line 
rupture) 

SV-MS201A
SV-MS201B
SV-MS201C
SV-MS202A
SV-MS202B
SV-MS202C
SV-MS203A
SV-MS203B
SV-MS203C

MSVH

Main steam power operated relief 
valves (control cooling of the RCS)

RV-MS201A
RV-MS201B
RV-MS201C

MSVH

Table 14B-3  (continued) 
POSTULATED TARGETS

System Major Equipment Mark No. Location
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Component cooling 
system

Component cooling water pumps l-CC-P- lA
1-CC-P-1B
1-CC-P-1C
1-CC-P-1D

Auxiliary 
building

Charging pump cooling water 
pumps

2-CC-P-2A
2-CC-P-2B

Auxiliary 
building

Charging pump lube-oil coolers 2-CH-E-5A
2-CH-E-5B
2-CH-E-5C

Auxiliary 
building

Charging pump seal coolers 2-CH-E-7A
2-CH-E-7B
2-CH-E-7C
2-CH-E-7D
2-CH-E-7E
2-CH-E-7F

Auxiliary 
building

Flow transmitters, component 
cooling pump discharge (Unit 2)

FT-CC200A
FT-CC200B

Auxiliary 
building

Table 14B-3  (continued) 
POSTULATED TARGETS

System Major Equipment Mark No. Location
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Table 14B-4
MAIN STEAM BREAK LOCATIONS AND STRESSES

Line Designation Break Point
Thermal

Stress, psi
Combined
Stress, psi Description

30-SHP-101 1 3850 15,937 Terminal - containment

79 2560 11,727 Terminal - manifold

3 6680 19,322 Intermediate - elbow valve house

37
40

5330
5670

14,718
15,068

Intermediate location - bend

30-SHP-102 135 4380 17,484 Terminal - containment

206 1965 10,335 Terminal - manifold

138 7355 20,671 Intermediate - elbow valve house

163
166

5690
6060

15,116
15,240

Intermediate location - bend

30-SHP-103 275 4365 17,528 Terminal - containment

341 1180 9508 Terminal - manifold

277 7210 18,257 Intermediate - elbow valve house

309
305

6565
5990

15,485
14,910

Intermediate location - bend
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Table 14B-6
JET IMPINGEMENT ON WALLS - FORCE = 619 kips

Target
Impingement

Area, ft2
Jet Pressure,

psig
Wall Thickness,

in.
Min. Wall-

Punch Shear, in.
Floor 44.90 95.7 9 22
Roof 142.05 30.2 24 24
Containment (N) 10.23 420.0 54 54
Shield (S) 102.63 41.9 36 36
East wall 18.85 228.1 24 24
West wall 42.23 102.1 24 24
Shield (S) 26.97 159.4 36 36

Table 14B-7
JET IMPINGEMENT ON VALVES

Valves
Pt Jet Pressure,

psig

At
Impingement

Area, in2
Incident
Angle

Fv Normal
Force-kips

NRV/MS201B 74.6 3927 0 175
TV/MS201B 126.3 2182 0 165
SV/MS203A 37.8 673 60 3.8
SV/MS201A 37.8 312 60 1.8
RV/MS201A 34.2 200 25 2.8
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Table 14B-8
FEEDWATER BREAK LOCATIONS AND STRESSES

Line Designation Break Point
Thermal

Stress, psi Description

14-WFPD-117 1 1565 Terminal - containment

76 6563 Terminal - manifold

72 5837 Intermediate - valve

 4 5383 Intermediate - elbow valve house

14-WFPD-113 101 2393 Terminal - containment

100 4722 Terminal - manifold

107 5333 Intermediate - elbow valve house

171
172

5466
5046

Intermediate - at valve

14-WFPD-109 241 2860 Terminal - containment

195
210

4200
4169

Terminal - manifold

247
249

11,171
11, 962

Intermediate - elbow valve house

244
246

 8814
7989

Intermediate - elbow valve house

18-WFPD-104 90 3539 Terminal - manifold

93 5333 Terminal - 2-PW-E1A

108 4798 Intermediate - bend

95 6368 Intermediate - bend - valve

18-WFPD-105 190 5209 Terminal - manifold

14 3260 Terminal - 2-PW-E1B

48 3220 Intermediate - bend

16 4460 Intermediate - bend - valve
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Table 14B-10
STEAM GENERATOR BLOWDOWN BREAK LINE LOCATIONS AND STRESSES

Line Designation Break Point
Thermal

Stress, psi Description

Unit 1

 3-WGCB-1 60 3952 Terminal - containment

61 4991 Intermediate - elbow

3-WGCB-2 63 1414 Terminal - containment

66 4411 Intermediate - elbow

3-WGCB-3 67 3251 Terminal - containment

70 4942 Intermediate - elbow

Unit 2

3-WGCB-101 22 3952 Terminal - containment

21 4991 Intermediate - elbow

3-WGCB-102 23 1414 Terminal - containment

26 4411 Intermediate - elbow

3-WGCB-103 27 3251 Terminal - containment

30 4942 Intermediate - elbow
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Table 14B-11
LETDOWN LINE FROM REGENERATIVE HEAT EXCHANGER

BREAK LOCATIONS AND STRESSES

Line Designation Break Point
Thermal

Stress, psi Description

Unit 1

2"- CH-6-602 238 5102 Terminal - anchor

236 17,175 Intermediate - elbow

71 2487 Terminal - containment

73 2727 Elbow

74 2774 Elbow

64 90 Anchor

Unit 2

2"- CH-306-602 38 5102 Terminal - anchor

36 17,175 Intermediate - elbow

35 2487 Terminal - containment

32 2727 Elbow

33 2774 Elbow

95 90 Anchor
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Figure 14B-2 
PIPE SPLIT, CRACK AND BREAK ANALYSIS REQUIRED FOR HIGH ENERGY PIPING
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Figure 14B-3 
MATHEMATICAL MODEL AND FORCING FUNCTIONS
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Figure 14B-4 
FORCE DUE TO PIPE IMPACT (TYPICAL EXAMPLES)
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Figure 14B-5 
PUNCHING SHEAR IN CONCRETE WALL
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Figure 14B-6 
PUNCH SHEAR FAILURE OF CONCRETE WALL
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Figure 14B-19 
CRACK AND FLAW GEOMETRIES
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Figure 14B-21 
BILL OF MATERIALS; JET IMPINGEMENT SHIELD
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