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154.1

15.4.1.1

Reactivity and Power Distribution Anomalies

A number of faults are postulated that result in reactivity and power distribution anomalies.
Reactivity changes could be caused by control rod motion or ejection, boron concentration
changes, or addition of cold water to the reactor coolant system. Power distribution changes
could be caused by control rod motion, misalignment, or ejection, or by static means such as
fuel assembly mislocation. These events are discussed in this section. Analyses are presented
for the most limiting of these events.

The following incidents are discussed in this section:

A. Uncontrolled rod cluster control assembly (RCCA) bank withdrawal from a subcritical
or low-power startup condition

B. Uncontrolled RCCA bank withdrawal at power
C. RCCA misalignment
D. Startup of an inactive reactor coolant pump at an incorrect temperature

E. A malfunction or failure of the flow controller in a boiling water reactor recirculation
loop that results in an increased reactor coolant flow rate (not applicable to AP600)

F.  Chemical and volume control system malfunction that results in a decrease in the boron
concentration in the reactor coolant

G. Inadvertent loading and operation of a fuel assembly in an improper position
H. Spectrum of RCCA ejection accidents

Items A, B, D, and F above are Condition II events, item G is a Condition III event, and
item H is a Condition IV event. Item C includes both Conditions II and III events.

The applicable transients in this section have been analyzed. It has been determined that the
most severe radiological consequences result from the complete rupture of a control rod drive
mechanism housing as discussed in subsection 15.4.8.

Radiological consequences are reported only for the limiting case.

Uncontrolled Rod Cluster Control Assembly Bank Withdrawal from a Subcritical or
Low-power Startup Condition

Identification of Causes and Accident Description

An RCCA withdrawal accident is an uncontrolled addition of reactivity to the reactor core
caused by the withdrawal of RCCAs which results in a power excursion. Such a transient can
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be caused by a malfunction of the reactor control or rod control systems. This can occur with
the reactor subcritical, at hot zero power, or at power. The at-power case is discussed in
subsection 15.4.2.

Although the reactor is normally brought to power from a subcritical condition by RCCA
withdrawal, initial startup procedures with a clean core use boron dilution. The maximum rate
of reactivity increase in the case of boron dilution is less than that assumed in this analysis
(see subsection 15.4.6).

The RCCA drive mechanisms are grouped into preselected bank configurations. These groups
prevent the RCCAs from being automatically withdrawn in other than their respective banks.
Power supplied to the banks is controlled such that no more than two banks are withdrawn
at the same time and in their proper withdrawal sequence. The RCCA drive mechanisms are
the magnetic latch type, and coil actuation is sequenced to provide variable speed travel. The
maximum reactivity insertion rate analyzed is that occurring with the simultaneous withdrawal
of the combination of two sequential RCCA banks having the maximum combined worth at
maximum speed.

This event is a Condition II event (a fault of moderate frequency) as defined in
subsection 15.0.1.

The neutron flux response to a continuous reactivity insertion is characterized by a fast rise
terminated by the reactivity feedback effect of the negative Doppler coefficient. This self-
limitation of the power excursion limits the power during the delay time for protective action.
Should a continuous RCCA withdrawal accident occur, the transient is terminated by the
following automatic features of the protection and safety monitoring system:

*  Source range high neutron flux reactor trip

This trip function is actuated when two out of four independent source range channels
indicate a neutron flux level above a preselected, manually adjustable setpoint. It may
be manually bypassed only after an intermediate range flux channel indicates a flux level
above a specified level. It is automatically reinstated when the coincident two out of
four intermediate range channels indicate a flux level below a specified level.

*  Intermediate range high neutron flux reactor trip

This trip function is actuated when two out of four independent, intermediate range
channels indicate a flux level above a preselected, manually adjustable setpoint. It may
be manually bypassed only after two out of four power range channels are reading above
approximately 10 percent of full power. It is automatically reinstated when the
coincident two out of four channels indicate a power level below this value.
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15.4.1.2.1

*  Power range high neutron flux reactor trip (low setting)

This trip function is actuated when two out of four power range channels indicate a
power level above approximately 25 percent of full power. It may be manually bypassed
when two out of four power range channels indicate a power level above approximately
10 percent of full power. It is automatically reinstated when the coincident two out of
four channels indicate a power level below this value.

*  Power range high neutron flux reactor trip (high setting)

This trip function is actuated when two out of four power range channels indicate a
power level above a preset setpoint. It is always active.

*  High nuciear flux rate reactor trip

This trip function is actuated when the positive rate of change of neutron flux on two out
of four nuclear power range channels indicate a rate above a preset setpoint. The trip
may be manually bypassed after the coincident two out of four nuclear power range
channels are manually reset.

In addition, control rod stops on high intermediate range flux level (one out of two) and
high power range flux level (one out of four) serve to discontinue rod withdrawal and
prevent the need to actuate the intermediate range flux level trip and the power range
flux level trip, respectively.

Analysis of Effects and Consequences
Method of Analysis

The analysis of the uncontrolled RCCA bank withdrawal from subcritical accident is
performed in three stages: first, an average core nuclear power transient calculation; then, an
average core heat transfer calculation; and finally, the departure from nucleate boiling ratio
(DNBR) calculation. In the first stage, the average core nuclear calculation is performed using
spatial neutron kinetics methods, using the code TWINKLE (Reference 1), to determine the
average power generation with time, including the various total core feedback effects (doppler
reactivity and moderator reactivity).

In the second stage, the average heat flux and temperature transients are determined by
performing a fuel rod transient heat transfer calculation in FACTRAN (Reference 2). In the
final stage, the average heat flux is used in THINC (described in Section 4.4) for the transient
DNBR calculation.
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Plant characteristics and initial conditions are discussed in subsection 15.0.3. The following
assumptions are made to give conservative results for a startup accident:

Because the magnitude of the power peak reached during the initial part of the transient
for any given rate of reactivity insertion is strongly dependent on the Doppler coefficient,
conservatively low values, as a function of power, are used (see Table 15.0-2).

Contribution of the moderator reactivity coefficient is negligible during the initial part
of the transient because the heat transfer time between the fuel and the moderator is
much longer than the neutron flux response time. After the initial neutron flux peak, the
succeeding rate of power increase is affected by the moderator reactivity coefficient. A
conservative value is used in the analysis to yield the maximum peak heat flux (see
Table 15.0-2).

The reactor is assumed to be at hot zero power. This assumption is more conservative
than that of a lower initial system temperature. The higher initial system temperature
yields a larger fuel-water heat transfer coefficient, larger specific heats, and a less
negative (smaller absolute magnitude) Doppler coefficient, all of which tend to reduce
the Doppler feedback effect and thereby increase the neutron flux peak. The initial
effective multiplication factor (k.) is assumed to be 1.0 because this results in the worst
nuclear power transient.

Reactor trip is assumed to be initiated by the power range high neutron flux (low
setting). The most adverse combination of instrument and setpoint errors, as well as
delays for trip signal actuation and RCCA release, is taken into account. A 10-percent
uncertainty increase is assumed for the power range flux trip setpoint, raising it to
35 percent from the nominal value of 25 percent.

Because the rise in the neutron flux is so rapid, the effect of errors in the trip setpoint
on the actual time at which the rods are released is negligible. In addition, the reactor
trip insertion characteristic is based on the assumption that the highest worth RCCA is
stuck in its fully withdrawn position. See subsection 15.0.5 for RCCA insertion
characteristics.

The maximum positive reactivity insertion rate assumed is greater than that for the
simultaneous withdrawal of the combination of the two sequential RCCA banks having
the greatest combined worth at maximum speed (45 inches per minute). Control rod
drive mechanism design is discussed in Section 4.6.

The most limiting axial and radial power shapes, associated with having the two highest
combined worth banks in their high-worth position, are assumed in the departure from
nucleate boiling (DNB) analysis.

The initial power level is assumed to be below the power level expected for any
shutdown condition (10”° of nominal power). The combination of highest reactivity
insertion rate and lowest initial power produces the highest peak heat flux.
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154.13

e  Three reactor coolant pumps are assumed to be in operation.

*  Pressurizer pressure is assumed to be 50 psi below nominal for steady-state fluctuations
and measurement uncertainties.

Plant systems and equipment available to mitigate the effects of the accident are discussed in
subsection 15.0.8 and listed in Table 15.0-6. No single active failure in any of these systems
or components adversely affect the consequences of the accident. A loss of offsite power as
a consequence of a turbine trip disrupting the grid is not considered because the accident is
initiated from a subcritical condition where the plant is not providing power to the grid.

Results

Figures 15.4.1-1 through 15.4.1-3 show the transient behavior for the uncontrolled RCCA
bank withdrawal from subcritical incident. The accident is terminated by reactor trip at
35 percent of nominal power. The reactivity insertion rate used is greater than that calculated
for the two highest-worth sequential rod cluster control banks, both assumed to be in their
highest incremental worth region.

Figure 15.4.1-1 shows the average neutron flux transient. The energy release and the fuel
temperature increases are relatively small. The heat flux response (of interest for DNB
considerations) is also shown in Figure 15.4.1-2. The beneficial effect of the inherent thermal
lag in the fuel is evidenced by a peak heat flux much less than the full-power nominal value.
There is margin to DNB during the transient because the rod surface heat flux remains below
the critical heat flux value, and there is a high degree of subcooling at all times in the core.
Figure 15.4.1-3 shows the response of the average fuel and cladding temperatures. The
minimum DNBR at all times remains above the design limit value (see Section 4.4).
Downstream of the mixing vane grids, the WRB-2 correlation is~applied and the minimum
calculated value is 1.86. Because this transient has a peaked-to-the-bottom axial power shape
associated with it, the DNBR is also calculated in the first grid span, which is downstream
from a nonmixing vain grid, where the WRB-2 correlation is not applicable. In the first grid
span, the W-3 correlation is applied and the minimum calculated DNBR is 1.58.

The calculated sequence of events for this accident is shown in Table 15.4-1. With the reactor
tripped, the plant returns to a stable condition. Subsequently, the plant may be cooled down
further by following normal plant shutdown procedures.

Conclusions

In the event of an RCCA withdrawal accident from the subcritical condition, the core and the
reactor coolant system are not adversely affected because the combination of thermal power
and the coolant temperature results in a DNBR greater than the safety analysis limit value.
Thus, no fuel or cladding damage is predicted as a result of DNB.
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154.2 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power
15.4.2.1 Identification of Causes and Accident Description

Uncontrolled RCCA bank withdrawal at power results in an increase in the core heat flux.
Because the heat extraction from the steam generator lags behind the core power generation
until the steam generator pressure reaches the relief or safety valve setpoint, there is a net
increase in the reactor coolant temperature. Unless terminated by manual or automatic action,
the power mismatch and resultant coolant temperature rise could eventually result in DNB.
Therefore, to avert damage to the fuel cladding, the protection and safety monitoring system
is designed to terminate any such transient before the DNBR falls below the design limit (see
Section 4.4).

This event is a Condition II incident (a fault of moderate frequency) as defined in
subsection 15.0.1.

The automatic features of the protection and safety monitoring system that prevent core
damage following the postulated accident include the following:

*  Power range neutron flux instrumentation actuates a reactor trip if two out of four
channels exceed an overpower setpoint.

e Reactor trip is actuated if any two out of four AT channels exceed an overtemperature
AT setpoint. This setpoint is automatically varied with axial power imbalance, coolant
temperature, and pressure to protect against DNB.

e Reactor trip is actuated if any two out of four AT channels exceed an overpower
AT setpgint. This setpoint is automatically varied with axial power imbalance to prevent
the allowable linear heat generation rate (kW/ft) from being exceeded.

* A high pressurizer pressure reactor trip is actuated from any two out of four pressure
channels when a set pressure is exceeded. This set pressure is less than the set pressure
for the pressurizer safety valves.

* A high pressurizer water level reactor trip is actuated from any two out of four level
channels that exceed the setpoint when the reactor power is above approximately
10 percent (permissive-P10).

In addition to the preceding reactor trips, there are the following RCCA withdrawal blocks:
*  High neutron flux (two out of four power range)
¢ Overpower AT (two out of four)

¢ Overtemperature AT (two out of four)

The manner in which the combination of overpower and overtemperature AT trips provide
protection over the full range of reactor coolant system conditions is described in Chapter 7.
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Figure 15.0.3-1 presents allowable reactor coolant loop average temperature and AT for the
design power distribution and flow as a function of primary coolant pressure. The boundaries
of operation defined by the overpower AT trip and the overtemperature AT trip are represented
as "protection lines" on this diagram. The protection lines are drawn to include adverse
instrumentation and setpoint uncertainties so that under nominal conditions, a trip occurs well
within the area bounded by these lines. '

The area of permissible operation (power, pressure, and temperature) is bounded by the
combination of reactor trips:

¢ High neutron flux (fixed setpoint)

¢  High pressurizer pressure (fixed setpoint)

*  Low pressurizer pressure (fixed setpoint)

*  Overpower and overtemperature AT (variable setpoints)

For meeting the requirements of GDC 17 of 10 CFR Part 50, Appendix A, an analysis has
been performed to evaluate the effects produced by a possible consequential loss of offsite
power during the RCCA withdrawal at-power event. In addressing the loss of offsite power
issue, the minimum DNBR cases with full reactor coolant system flow are analyzed assuming
that the turbine trip in parallel with the reactor trip causes a subsequent loss of offsite power.
The primary effect of the loss of offsite power is to cause the reactor coolant pumps to coast
down.

Analysis of Effects and Consequences
Method of Analysis

This transient is primarily analyzed by the LOFTRAN (Reference 3) code. This code
simulates the neutron kinetics, reactor coolant system, pressurizer, pressurizer safety valves,
pressurizer spray, steam generators, and steam generator safety valves. The code computes
pertinent plant variables including temperatures, pressures, and power level. The core limits
as illustrated in Figure 15.0.3-1 are used as input to LOFTRAN to determine the minimum
DNBR during the transient.

For that portion of the RCCA withdrawal at-power analysis that includes a primary coolant
flow coastdown caused by the consequential loss of offsite power, a combination of three
computer codes is used to perform the DNBR analysis. First, the LOFTRAN code is used
to predict the nuclear power transient, the flow coastdown, the primary system pressure
transient, and the primary coolant temperature transient. The FACTRAN code (Reference 2)
is then used to calculate the heat flux based on the nuclear power and flow from LOFTRAN.
Finally, the THINC code (see Section 4.4) is used to calculate the DNBR during the transient,
using the heat flux from FACTRAN and the flow from LOFTRAN.
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Plant characteristics and initial conditions are discussed in subsection 15.0.3. In performing
a conservative analysis for an uncontrolled RCCA bank withdrawal at-power accident, the
following assumptions are made:

e  The nominal initial conditions are assumed in accordance with the revised thermal design
procedure. Uncertainties in the initial conditions are included in the DNBR limit as
described in WCAP-11397-P-A. (Reference 9).

¢ Two sets of reactivity coefficients are considered:

Minimum reactivity feedback — A least-negative moderator temperature coefficient of
reactivity is assumed, corresponding to the beginning of core life. A variable Doppler
power coefficient with core power is used in the analysis. A conservatively small (in
absolute magnitude) value is assumed (see Figure 15.0.4-1).

Maximum reactivity feedback — A conservatively large positive moderator density
coefficient and a large (in absolute magnitude) negative Doppler power coefficient are
assumed (see Figure 15.0.4-1).

¢ The reactor trip on high neutron flux is assumed to be actuated at a conservative value
of 118 percent of nominal full power. The AT trips include adverse instrumentation and
setpoint uncertainties; the delays for trip actuation are assumed to be the maximum
values.

*  The RCCA trip insertion characteristic is based on the assumption that the highest-worth
assembly is stuck in its fully withdrawn position.

* A range of reactivity insertion rates is examined. The maximum positive reactivity
insertion rate is greater than that for the simultaneous withdrawal of the combination of
the two control banks, having the maximum combined worth at maximum speed.

The effect of RCCA movement on the axial core power distribution is accounted for by
causing a decrease in overtemperature AT trip setpoint proportional to a decrease in margin
to DNB.

In addressing the loss of offsite power issue, the minimum DNBR cases with full reactor
coolant system flow are analyzed assuming that the turbine trip in parallel with the reactor trip
causes a subsequent loss of offsite power, as described in subsection 15.0.14, the loss of
offsite power is modeled to occur 3.0 seconds after the turbine trip. The primary effect of the
loss of offsite power is to cause the reactor coolant pumps to coast down.

Plant systems and equipment available to mitigate the effects of the accident are discussed in
subsection 15.0.8 and listed in Table 15.0-6. No single active failure in these systems or
equipment adversely affects the consequences of the accident. A discussion of anticipated
transients without scram considerations is presented in Section 15.8.
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Results

Figures 15.4.2-1 through 15.4.2-6 show the transient response for a representative rapid RCCA
withdrawal incident starting from full power with offsite power available throughout the
transient. Reactor trip on high neutron flux occurs shortly after the start of the accident.
Because this is rapid with respect to the thermal time constants of the plant, small changes
in temperature and pressure result, and the minimum DNBR is greater than the design limit
described in Section 4.4.

The transient response for a representative slow RCCA withdrawal from full power, with
offsite power available throughout the transient, is shown in Figures 15.4.2-7 through
15.4.2-12. Reactor trip on overtemperature AT occurs after a longer period. The rise in
temperature and pressure is consequently larger than for rapid RCCA withdrawal. The
minimum DNBR is greater than the design limit value described in Section 4.4.

Figure 15.4.2-13 shows the minimum DNBR as a function of reactivity insertion rate from
initial full-power operation for minimum and maximum reactivity feedback with offsite power
available throughout the transient. Two reactor trip functions provide protection over the
whole range of reactivity insertion rates. These are the high neutron flux and overtemperature
AT channels. The minimum DNBR is never less than the design limit value described in
Section 4.4.

Figures 15.4.2-14 and 15.4.2-15 show the minimum DNBR as a function of reactivity
insertion rate for RCCA withdrawal incidents for minimum and maximum reactivity feedback,
with offsite power available throughout the transient, starting at 60-percent and 10-percent
power, respectively. The results are similar to the 100-percent power case, except as the
initial power is decreased, the range over which the overtemperature AT trip is effective is
increased. In neither case does the DNBR fall below the design limit described in
Section 4.4.

The shape of the curves of minimum DNBR versus reactivity insertion rate in the referenced
figures is due both to reactor core and coolant system transient response and to protection and
safety monitoring system action in initiating a reactor trip.

Referring to Figure 15.4.2-14, for example, it is noted that:

A. For high reactivity insertion rates (between 10 pcm/s and 110 pcm/s), reactor trip is
initiated by the high neutron flux trip for the minimum reactivity feedback cases.
Reactor trip is initiated by high neutron flux for reactivity insertion rates between
approximately 85 pcm/s and 110 pcm/s for the maximum reactivity feedback cases. The
neutron flux level in the core rises rapidly for these insertion rates while core heat flux
and coolant system temperature lag behind due to the thermal capacity of the fuel and
coolant system fluid. Thus, the reactor is tripped prior to a significant increase in heat
flux or water temperature with resultant high minimum DNBRs during the transient. As
reactivity insertion rate decreases, core heat flux and coolant temperatures remain more
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nearly in equilibrium with the neutron flux. Thus, minimum DNBR during the transient
decreases with decreasing insertion rate.

The overtemperature AT reactor trip circuit initiates a reactor trip when measured coolant
loop AT exceeds a setpoint based on measured reactor coolant system average
temperature and pressure. This trip circuit is described in Chapter 7. The average
temperature contribution to the circuit is lead-lag compensated to decrease the effect of
the thermal capacity of the reactor coolant system in response to power increases.

For reactivity insertion rates less than 30 pcm/s for the minimum feedback cases, the rise
in reactor coolant system pressure is sufficiently high that the pressurizer safety valve
setpoint is reached prior to reactor trip. Opening of this valve limits the rise in reactor
coolant pressure as the temperature continues to rise. Because the overtemperature AT
reactor trip setpoint is based on both temperature and pressure, limiting the reactor
coolant pressure by opening the pressurizer safety valve brings about the overtemperature
AT earlier than if the valve remains closed. For this reason, the overtemperature AT
setpoint initiates reactor trip at reactivity insertion rates of approximately 7 pcm/s for the
minimum feedback cases and as high as 75 pcm/s for the maximum feedback cases.

For reactivity insertion rates less than approximately 5 pcm/s for the minimum feedback
cases and less than approximately 50 pcm/s for maximum feedback cases, the rise in the
reactor coolant temperature is sufficiently high so that the steam generator safety valve
setpoint is reached prior to trip. Opening of these valves, which act as an additional heat
load of the reactor coolant system, sharply decreases the rate of increase of reactor
coolant system average temperature. This decrease in the rate of increase of the average
coolant system temperature during the transient is accentuated by the lead-lag
compensation. This causes the overtemperature AT setpoint to be reached later, with
resulting lower minimum DNBRs.

The delay in overtemperature AT reactor trip due to the opening of the steam generator
safety valves outweighs the effect of the opening of the pressurizer safety valve (as
described in item C) and causes the high neutron flux setpoint to initiate reactor trip for
reactivity insertion rates less than approximately 4 pcm/s for cases of minimum feedback
and less than approximately 40 pcm/s for cases of maximum feedback. At these slow
insertion rates, a sharp decrease in minimum DNBR occurs.

With further decrease in reactivity insertion rate, the overtemperature AT and high
neutron flux trips become equally effective in terminating the transient. For reactivity
insertion rates less than approximately 1 pcm/s for minimum feedback cases and
insertion rates less than approximately 15 pcm/s for maximum feedback cases, the
overtemperature AT trip predominates and the effectiveness of the overtemperature AT
trip increases (in terms of increased minimum DNB) because for these lower reactivity
insertion rates, the power increase is slower, the rate of rise of average coolant
temperature is slower, and the system lags and delays become less significant.
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For transients initiated from full power (see Figure 15.4.2-13), the competing effects due to
the opening of the pressurizer safety valve and steam generator safety valves described in
items C and D are demonstrated only for the maximum feedback cases. Both the
overtemperature AT and high neutron flux trips are equally effective in terminating the
transient for insertion rates between approximately 10 pcm/s and 20 pcm/s. The effect of the
opening of the steam generator safety valves is demonstrated for the reactivity insertion rate
of 13 pcmy/s where the sharp peak in minimum DNBR occurs.

Transients initiated from 10-percent power (see Figure 15.4.2-15) exhibit the same trends in
minimum DNBR, but the results are bounded by those from the transients initiated from
higher power levels.

Figures 15.4.2-13, 15.4.2-14, and 15.4.2-15 illustrate minimum DNBR calculated for minimum
and maximum reactivity feedback.

Because the RCCA withdrawal at-power incident is an overpower transient, the fuel
temperatures rise during the transient until after reactor trip occurs. For high reactivity
insertion rates, the overpower transient is fast with respect to the fuel rod thermal time
constant and the core heat flux lags behind the neutron flux response. Taking into account
the effect of the RCCA withdrawal on the axial core power distribution, the peak fuel
temperature still remains below the fuel melting temperature.

For slow reactivity insertion rates, the core heat flux remains more nearly in equilibrium with
the neutron flux. The overpower transient is terminated by the overtemperature AT reactor
trip before DNB occurs. Taking into account the effect of the RCCA withdrawal on the axial
core power distribution, the peak cladding centerline temperature remains below the fuel
melting temperature.

The reactor is tripped fast enough during the RCCA bank withdrawal at-power transient that
the ability of the primary coolant to remove heat from the fuel rods is not reduced. Thus, the
fuel cladding temperature does not rise significantly above its initial value during the transient.

The calculated sequence of events for this accident, with offsite power available, is shown in
Table 15.4-1. With the reactor tripped, the plant returns to a stable condition. The plant may
be cooled down further by following normal plant shutdown procedures.

For the analysis performed modeling a loss of offsite power and the subsequent reactor
coolant pump coastdown, the results show that the minimum DNBR is predicted to occur
during the time period of the RCCA withdrawal at-power event prior to the time the flow
coastdown begins. Therefore, the minimum DNB ratios provided in Figures 15.4.2-6 and
15.4.2-12 through 15.4.2-15 are bounding. The reason for this is that because the loss of
offsite power is delayed for 3.0 seconds after the turbine trip signal, the RCCAs are inserted
well into the core before the reactor coolant system flow coastdown begins. The resulting
power reduction compensates for the reduced flow encountered once ac power to the reactor
coolant pumps is lost.
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154.3

154.3.1

Conclusions

The high neutron flux and overtemperature AT trip functions provide adequate protection over
the entire range of possible reactivity insertion rates. The DNB design basis, as defined in
Section 4.4, is met for all cases. ‘

Rod Cluster Control Assembly Misalignment (System Malfunction or Operator Error)
Identification of Causes and Accident Description
RCCA misoperation accidents include:

*  One or more dropped RCCAs within the same group
¢  Statically misaligned RCCA
*  Withdrawal of a single RCCA

Each RCCA has a position indicator channel which displays the position of the assembly. The
displays of assembly positions are grouped for the operator’s convenience. Fully inserted
assemblies are further indicated by a rod-at-bottom signal, which actuates a local alarm and
a main control room annunciator. Group demand position is also indicated.

RCCAs are moved in preselected banks, and the banks are moved in a preselected sequence.
Each bank of RCCAs is divided into one or two groups of four or five RCCAs each. The
rods comprising a group operate in parallel through a multiplexing system, using thyristors.
The two groups in a bank move sequentially such that the first group is always within one
step of the second group in the bank. A definite schedule of actuation (or deactuation) of the
stationary gripper, movable gripper, and lift coils of a mechanism is required to withdraw the
RCCA attached to the mechanism. Because the stationary gripper, movable gripper, and lift
coils associated with the RCCAs of a rod group are driven in parallel, any single failure which
causes rod withdrawal affects the entire group. A single electrical or mechanical failure in
the plant control system could, at most, result in dropping one or more RCCAs within the
same group. Mechanical failures can cause either RCCA insertion or immobility, but not
RCCA withdrawal.

The dropped RCCAs, dropped RCCA bank, and statically misaligned RCCA events are
Condition II incidents (incidents of moderate frequency) as defined in subsection 15.0.1. The
single RCCA withdrawal event is a Condition III incident, as discussed below.

No single electrical or mechanical failure in the rod control system could cause the accidental
withdrawal of a single RCCA from the inserted bank at full-power operation. The operator
could withdraw a single RCCA in the control bank because this feature is necessary to retrieve
an assembly should one be accidentally dropped. The event analyzed results from multiple
wiring failures or multiple significant operator errors and subsequent and repeated operator
disregard of event indication. The probability of such a combination of conditions is
considered low such that the limiting consequences may include slight fuel damage.
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The event is classified as a Condition II incident consistent with the philosophy and format
of American National Standards Institute, ANSI N18.2. By definition, "Condition III
occurrences include incidents, any one of which may occur during the lifetime of a particular
plant,” and "shall not cause more than a small fraction of fuel elements in the reactor to be
damaged . . ." (Reference 10). :

This selection of criterion is in accordance with General Design Criterion 25, which states,
"The protection system shall be designed to assure that specified acceptable fuel design limits
are not exceeded for any single malfunction of the reactivity control systems, such as
accidental withdrawal (not ejection or dropout) of control rods." (Emphases have been
added.) It has been shown that single failures resulting in RCCA bank withdrawals do not
violate specified fuel design limits. Moreover, no single malfunction can result in the
withdrawal of a single RCCA. Thus, it is concluded that criterion established for the single
rod withdrawal at power is appropriate and in accordance with General Design Criterion 25.

A dropped RCCA or RCCA bank may be detected by one or more of the following:
*  Sudden drop in the core power level as seen by the nuclear instrumentation system

*  Asymmetric power distribution as seen by the incore or excore neutron detectors or core
exit thermocouples, through online core monitoring

¢  Rod at bottom signal

*  Rod deviation alarm

*  Rod position indication

Misaligned RCCAs are detected by one or more of the following:

*  Asymmetric power distribution as seen by the incore or excore neutron detectors or core
exit thermocouples, through online core monitoring

*  Rod deviation alarm
*  Rod position indicators

The resolution of the rod position indicator channel is +5 percent span (+7.5 inches). A
deviation of any RCCA from its group by twice this distance (10 percent of span or 15
inches) does not cause power distributions worse than the design limits. The deviation alarm
alerts the operator to rod deviation with respect to the group position in excess of 5 percent
of span. If the rod deviation alarm is not operable, the operator takes action as required by
the Technical Specifications.
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If one or more of the rod position indicator channels is out of service, operating instructions
are followed to verify the alignment of the nonindicated RCCAs. The operator also takes
action as required by the Technical Specifications.

In the extremely unlikely event of multiple electrical failures that result in single RCCA
withdrawal, rod deviation and rod control urgent failure are both displayed on the plant
annunciator, and the rod position indicators indicate the relative positions of the assemblies
in the bank. The urgent failure alarm also inhibits automatic rod motion in the group in
which it occurs. Withdrawal of a single RCCA by operator action, whether deliberate or by
a combination of errors, results in activation of the same alarm and the same visual indication.
Withdrawal of a single RCCA results in both positive reactivity insertion tending to increase
core power and an increase in local power density in the core area associated with the RCCA.
Automatic protection for this event is provided by the overtemperature AT reactor trip. The
Condition III Standard Review Plan Section 15.4.3 evaluation criteria are met; however, due
to the increase in local power density, the limits in Figure 15.0.3-1 may be exceeded.

Plant systems and equipment available to mitigate the effects of the various control rod
misoperations are discussed in subsection 15.0.8 and listed in Table 15.0-6. No single active
failure in any of these systems or equipment adversely affects the consequences of the
accident.

Analysis of Effects and Consequences

15.4.3.2.1 Dropped RCCAs, Dropped RCCA Bank, and Statically Misaligned RCCA

15.4.3.2.1.1 Method of Analysis

¢ One or more dropped RCCAs from the same group

A drop of one or more RCCAs from the same group results in an initial reduction in the
core power and a perturbation in the core radial power distribution. Depending on the
worth and position of the dropped rods, this may cause the allowable design power
peaking factors to be exceeded. Following the drop, the reduced core power and
continued steam demand to the turbine causes the reactor coolant temperature to
decrease. In the manual control mode, the plant will establish a new equilibrium
condition. The new equilibrium condition is reached through reactivity feedback. In the
presence of a negative moderator temperature coefficient, the reactor power rises
monotonically back to the initial power level at a reduced inlet temperature with no
power overshoot. The absence of any power overshoot establishes the automatic
operating mode as a limiting case. If the reactor coolant system temperature reduction
is very large, the turbine power may not be able to be maintained due to the reduction
in the secondary-side steam pressure and the volumetric flow limit of the turbine system.
In this case, the equilibrium power level is less than the initial power. In the automatic
control mode, the plant control system detects the drop in core power and initiates
withdrawal of a control bank. Power overshoot may occur, after which the control
system will insert the control bank and return the plant to the initial power level. The
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magnitude of the power overshoot is a function of the plant control system
characteristics, core reactivity coefficients, the dropped rod worth, and the available
control bank worth.

For evaluation of the dropped RCCA event, the transient system response is calculated
using the LOFTRAN code (Reference 3). The code simulates the neutron kinetics,
reactor coolant system, pressurizer, pressurizer safety valves, pressurizer spray, steam
generator and steam generator safety valves. The code computes pertinent plant
variables, including temperatures, pressures and power level.

Steady-state nuclear models using the computer codes described in Table 4.1-2 are used
to obtain a hot channel factor consistent with the primary system transient conditions and
reactor power. By combining the transient primary conditions with the hot channel
factor from the nuclear analysis, the departure from nucleate boiling design basis is
shown to be met using the THINC code.

Statically misaligned RCCA
Steady-state power distributions are analyzed using the computer codes as described in

Table 4.1-2. The peaking factors are then used as input to the THINC code to calculate
the DNBR.

15.4.3.2.1.2 Results

One or more dropped RCCAs

Figures 15.4.3-1 through 15.4.3-4 show the typical transient response of the reactor to
a dropped rod (or rods) in automatic control. The nuclear power and heat flux drop to
a minimum value and recover under the influence of both rod withdrawal and thermal
feedback. The prompt decrease in power is governed by the dropped rod worth because
the plant control system does not respond during the short rod drop time period. The
plant control system detects the reduction in core power and initiates control bank
withdrawal to restore the primary side power. Power overshoot occurs after which the
core power is restored to the initial power level.

The primary system conditions are combined with the hot channel factors from the
nuclear analysis for the DNB evaluation. Uncertainties in the initial conditions are
included in the DNB evaluation as discussed in subsection 15.0.3.2. The calculated
minimum DNBR for the limiting case for any single or multiple rod drop from the same
group was 1.97. This is greater than the design limit value described in Section 4.4.

The analysis described previously includes consideration of drops of the RCCA groups
which can be selected for insertion as part of the rapid power reduction system. This
system is provided to allow the reactor to ride out a complete loss of load from full
power without a reactor trip and is described in subsection 7.7.1.10. If these RCCAs are
inadvertently dropped (in the absence of a loss-of-load signal), the transient behavior is
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the same as for the RCCA drop described. The evaluation showed that the DNBR
remains above the design limit value as a result of the inadvertent actuation of the rapid
power reduction system.

The consequential loss of offsite power described in subsection 15.0.14 is not limiting
for the dropped RCCA event. Due to the delay from reactor trip until turbine trip and
the rapid power reduction produced by the reactor trip, the minimum DNBR occurs
before the reactor coolant pumps begin to coast down.

Statically misaligned RCCA

The most severe misalignment situations with respect to DNBR arise from cases in
which one RCCA is fully inserted, or where the mechanical shim or axial offset rod
banks are inserted up to their insertion limit with one RCCA fully withdrawn while the
reactor is at full power. Multiple independent alarms, including a bank insertion limit
or rod deviation alarm, alert the operator well before the postulated conditions are
approached.

For RCCA misalignments in which the mechanical shim or axial offset banks are
inserted to their respective insertion limits, with any one RCCA fully withdrawn, the
DNBR remains above the safety analysis limit value. This case is analyzed assuming
the initial reactor power, pressure, and reactor coolant system temperature are at their
nominal values, but with the increased radial peaking factor associated with the
misaligned RCCA. Uncertainties in the initial conditions are included in the DNB
evaluation as described in subsection 15.0.3.2.

DNB does not occur for the RCCA misalignment incident, and thus the ability of the
primary coolant to remove heat from the fuel rod is not reduced. The peak fuel
temperature is that corresponding to a linear heat generation rate based on the radial
peaking factor penalty associated with the misaligned RCCA and the design axial power
distribution. The resulting linear heat generation is well below that which causes fuel
melting.

Following the identification of an RCCA group misalignment condition by the operator,
the operator takes action as required by the plant Technical Specifications and operating
instructions.

15.4.3.2.2 Single Rod Cluster Control Assembly Withdrawal

15.4.3.2.2.1 Method of Analysis

Power distributions within the core are calculated using the computer codes described in
Table 4.1-2. The peaking factors are then used by THINC to calculate the DNBR for the
event. The case of the worst rod withdrawn from the mechanical shim or axial offset bank
inserted at the insertion limit, with the reactor initially at full power, is analyzed. This
incident is assumed to occur at beginning of life because this results in the minimum value
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of moderator temperature coefficient. This assumption maximizes the power rise and
minimizes the tendency of increased moderator temperature to flatten the power distribution.

15.4.3.2.2.2 Results
For the single rod withdrawal event, two cases are considered as follows:

A. If the reactor is in the manual control mode, continuous withdrawal of a single RCCA
results in both an increase in core power and coolant temperature and an increase in the
local hot channel factor in the area of the withdrawing RCCA. In the overall system
response, this case is similar to those presented in subsection 15.4.2. The increased local
power peaking in the area of the withdrawn RCCA results in lower minimum DNBRs
than for the withdrawn bank cases. Depending on initial bank insertion and location of
the withdrawn RCCA, automatic reactor trip may not occur sufficiently fast to prevent
the minimum DNBR from falling below the safety analysis limit value. Evaluation of
this case at the power and coolant conditions at which the overtemperature AT trip is
expected to trip the plant shows that an upper limit for the number of rods with a DNBR
less than the safety analysis limit value is 5 percent. The limiting dose evaluation is
bounded by the locked rotor results presented in subsection 15.3.3.

B. If the reactor is in the automatic control mode, the multiple failures that result in the
withdrawal of a single RCCA result in the immobility of the other RCCAs in the
controlling bank. The transient then proceeds in the same manner as case A.

For such cases, a reactor trip ultimately occurs although not sufficiently fast in all cases to
prevent a minimum DNBR in the core of less than the safety analysis limit value. Following
reactor trip, normal shutdown procedures are followed.

The consequential loss of offsite power described in subsection 15.0.14 is not limiting for the
single RCCA withdrawal event. Due to the delay from reactor trip until turbine trip and the
rapid power reduction produced by the reactor trip, the minimum DNBR, for rods where the
DNBR did not fall below the design limit value (see Section 4.4) in the cases described,
occurs before the reactor coolant pumps begin to coast down.

15.4.3.3 Conclusions

For cases of dropped RCCAs or dropped banks, including inadvertent drops of the RCCAs
in those groups selected to be inserted as part of the rapid power reduction system, it is shown
that the DNBR remains greater than the safety analysis limit value and, therefore, the DNB
design basis is met.

For cases of any one RCCA fully inserted, or the mechanical shim or axial offset banks
inserted to their rod insertion limits with any single RCCA in one of those banks fully
withdrawn (static misalignment), the DNBR remains greater than the safety analysis limit
value.
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154.4.2

154.4.2.1

For the case of the accidental withdrawal of a single RCCA, with the reactor in the automatic
or manual control mode and initially operating at full power with the mechanical shim or axial
offset banks at their insertion limits, an upper bound of the number of fuel rods experiencing
DNB is 5 percent of the total fuel rods in the core.

Startup of an Inactive Reactor Coolant Pump at an Incorrect Temperature
Identification of Causes and Accident Description

If the plant is operating with one reactor coolant pump out of service, the affected reactor
coolant loop flow rate is less than half of its nominal value. If the reactor is operating at
power, the steam generator in the inactive pump loop removes less than half the total power.

Starting an idle reactor coolant pump results in an increase in the injection of cold water into
the core, which causes a reactivity insertion and subsequent power increase.

The incident is a Condition II event (a fault of moderate frequency), as defined in
subsection 15.0.1.

If the startup of an inactive reactor coolant pump accident occurs, the transient is terminated
automatically by a reactor trip on power range high neutron flux setpoint or low flow
(P-8 interlock).

Analysis of Effects and Consequences
Method of Analysis

This transient is analyzed using three digital computer codes. The LOFTRAN code
(Reference 3) is used to calculate the core flow, nuclear power, and core pressure and
temperature transients following the startup of an idle pump. FACTRAN (Reference 2) is
used to calculate the core heat flux transient based on core flow and nuclear power from
LOFTRAN. The THINC code (Section 4.4) is then used to calculate the DNBR during the
transient based on system conditions (pressure, temperature, and flow) calculated by
LOFTRAN and on heat flux as calculated by FACTRAN.

Plant characteristics and initial conditions are discussed in subsection 15.0.3. To obtain
conservative bounding results for the startup of an inactive pump, the following assumptions
are made:

e  Initial conditions of maximum core power and reactor coolant average temperatures and
minimum reactor coolant pressure resulting in minimum initial margin to DNB exist.
For this analysis, a conservative value of 70-percent nominal power is assumed. The
high initial power gives the greatest temperature difference between the core inlet
temperature and the inactive pump cold leg temperature.
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15.4.4.2.2

* Following startup of the idle pump, the inactive pump loop flow accelerates to its
nominal full-flow value. For this analysis, it is conservatively assumed that the flow rate
acceleration occurs in 4 seconds (a linear ramp).

* A conservatively large negative moderator temperature coefficient is assumed.
* A least negative Doppler-only power coefficient is assumed (see Figure 15.0.4-1).

¢  The initial reactor coolant loop flows are at the appropriate values for one pump out of
service.

*  The reactor trip is assumed to occur on low coolant loop flow when the power range
neutron flux exceeds the P-§ setpoint. The P-8 setpoint is conservatively assumed to be
84 percent of rated power.

Plant systems and equipment available to mitigate the effects of the accident are discussed in
subsection 15.0.8 and listed in Table 15.0-6. No single active failure in these systems or
equipment adversely affects the consequences of the accident.

Results

The results following the startup of an idle pump are shown in Figures 15.4.4-1 through
15.4.4-6.

As shown in these curves, during the first part of the transient, the increase in core flow with
cooler water results in an increase in nuclear power and a decrease in core average
temperature. The minimum DNBR during the transient is considerably greater than the limit.
(See Section 4.4 for a description of the DNBR design basis.)

Reactivity addition for the inactive pump startup is due to the decrease in core inlet water
temperature. During the transient, this decrease is due both to the increase in reactor coolant
flow and to the colder water entering the core from the cold leg (colder temperature side
before the start of the transient) of the previously inactive pump loop. Thus, the reactivity
insertion rate for this transi