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H. R. Denton -2 - Decemoer 6, 1983

This revised analysis provides the basis for operating the
reactors without rod withdrawal limitations. Since it is part of the
licensing basis, the continuing validity of the input assumptions will be
verified as part of future 50.59 evaluations such as thuse performed for
each reload.

Please address questions regarding this matter to this office.

One signed original and fifteen copies of this letter and the
attachments are provided for NRC use.

Very truly yours,

=7 0 T

T. R. Tramm
Nuclear Licensing Administrator

Im
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15.4.2.3 Radiolcgical Consequences

There are only minimal radiological consequences associated
with an uncontrolled rod cluster control assembly bank with-
drawal at power event. The reactor trip causes a turbine trip,
and heat is removed from the secondary system through the steam
generator power relief valves or safety valves. Since no fuel
damage is postulated to occur, the radiological consequences
associated with atmospheric steam :elease from this event are
less severe than the steamline break accident analyzed in Sub-
section 15.1.5.

15.4.2.4 Conclusions

Tne high neutron flux and overtemperature AT trip channeis
provide adequate protection over the entire range of possible
reactivity insertion rates, i.e., the minimum value of DNBR is
always larger than the limit value. The radiclogical conse-
quences woull be less severe than the steamline break accident
analyzed in Subsection 15.1.5.

15.4.3 ROD CLUSTER CONTROL ASSEMBLY MISOPERATINN
(System Malfunction or Operator Error)

15.4.3.1 Identification of Causes and Accident Description

Rod cluster control assembly (RCCA) misoperation accidents
include:

a. One or more dropped RCCA's within the same group,
b. A dropped RCCA bank,

€. Statically misaligned RCCA,

d. Withdrawal of a single RCCA.

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

Full length RCCA's are always moved in preselected banks, and
the banks are always moved in the same preselected sequence.
Each bank of RCCA's is divided into two groups. The rods
comprising a group operate in parallel through multiplexing
thyristors. The two groups in a bank move sequentially such
that the first group is always within one step of the second
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B/B-FSAR

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. Since the stationary gripper,
movable gripper, and lift coils associated with the ~ur RCCA's
of a rod group are driven in parallel, any single fa. .. .c which
would cause rod withdrawal would affect a minimum of one

group. Mechanical failures are in the direction of insertion,
or immobility.

The dropped assemblies, dropped assembly bank, and statically : |
misaligned assembly events are classified as ANS Condition II
incidents (incidents of moderate frequency) as defined in Sec-

tion 15.0.1. The single RCCA withdrawal incident is classified

as an ANS Condition III event, as discussed below.

No single electrical or mechanical failure in the rod control
system could cause the accidental withdrawal of a single rod
cluster control assembly (RCCA) from the inserted bank at full
power operation. The operator could deliberately withdraw a
single RCCA in the control bank since this feature is necessary
in order to retrieve an assembly should one be accidentally |
dropped. The event analyzed must result from multiple wiring
failures (probability for single random failure is on the order
of 10-4/year-refer to Section 7.7.2.2) or multiple deliberate
operator actions and subsequent and repeated operator disregard
of event indication. The probability of such a combination of
conditions is considered so low that the limiting consequences
may include slight fuel damage.

Thus, consistent with the philosophy and format of ANSI N 18.2, |
the event is classified as a Condition III event. By defini-

tion "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..."

This selection of criterion is not in violation of GDC 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 accxgental 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 vio-
late specified fuel design limits. Moreover, no single mal-
function can result in the withdrawal of a single RCCA. Thus,
it is concluded that the criterion established for the single rod |
withdrawal at power is appropriate and in accordance with GDC
23.
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A dropped assembly or assembly bank is detected by:

a. Sudden drop in the core power level as seen by the
nuclear instrumentation system;

b. Asymmetric power distribution as seen on out-of-core
neutron detectors or core exit thermocouples;

¢. Rod at bottom signal;
d. Rod deviation alarm;
€. Rod position indication.

....... S are delecied Ly:
a. Asymmetric power distribution as seen on out-of-core
neutron detectors or core exit thermocouples;

b. Rod deviation alarm;
C. Rod position indicators.

The resolution of the rod position indicator channel is +5% of
span (+ 7.2 inches). Deviation of any assembly from its group
by twice this distance (10 % of span, or 14.4 inches) will 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% of span. If the
rod deviation alarm is not operable, the operator is required
to take action as required by the technical specifications.

If one or more rod position indicator channels should be out of
service, detailed operating instructions shall be followed to
assure the alignment of the non-indicated assemblies. The
operator is also required to take action as required by the
technical specifications.

In the extremely unlikely event of simultaneous electrical
failures which could result in single RCCA withdrawal, rod
deviation and rod control urgent failure would both be dis~-
played on the plant annunciator, and the rod position indica-
tors would 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, would result in activation of the same alarm and the
same visual indications. Withdrawal of a single RCCA results
in both positive reactivity insertion tending to increase core
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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 T reactor trip, although

due to the increase in local power density it is not possible

in all cases to provide assurance that the core safety limits
will not be violated.

Plant systems and equipment which are available to mitigate the
effects of the various control rod misoperations are discussed
in Section 15.0.8 and listed in Table 15.0-7. No single active

failure in any of these systems or equipment will adversely affect
the consequences of the accident.

15.4.3.2 Analysis of Effects and Consequences

a. Dropped RCCA's, dropped RCCA bank, and statically misaligned
RCCA.

Method of Analysis

1. One or more dropped RCCA's from the same group.

For evaluation of the dropped RCCA event, the transient
System response is calculated using the LOFTRAN code.
The 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. Statepoints are calculated
and nuclear models are used to obtain a hot channel
factor consistent with the primary system conditions
and reactor power. By incorporating the primary
conditions from the transient and the hot channel
factor from the nuclear analysis, the DNB design

basis is shown to be met using the THINC code. The
transient response, nuclear peaking factor analysis,
and DNB design basis confirmation are performed in
accordance with the methodology described in Refarence
9.

2. Dropped RCCA Bank

A LOFTRAN calculation is not necessary for the dropped
RCCA event because reactor trip occurs within approxi-
mately 2.5 seconds.

3. 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 calcula:e the DNBR.
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Results
1. One or more dropped RCCA's.

Single or multiple dropped RCCA's within the same
group result in a negative reactivity insertion which
may be detected by the power range negative neutron
flux rate trip circuitry. If detected, the reactor
is tripped within approximately 2.5 seconds following
the drop of the RCCA's. The core is not adversely
affected during this period, since power is decreasing
rapidly. Following reactor trip, normal shutdown
procedures are followed. The operator may manually
retrieve the RCCA hy €ollowing approved cpcrating
procedures.

For those dropped RCCA's which do not result in a

reactor trip, power may be reestablished either by
reactivity feedback or control bank withdrawal.

Following a dropped rod event in manuai rod control,

the plant will establish a new equilibrium condition.

The equilibrium 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 event in the automatic rod 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.
Figure 15.4-12a shows a typical transient response

to a dropped RCCA (or RCCA's) in automatic control.
Uncertainties in the initial condition are included
in the DNB evaluation as described in Reference 9,

In all cases, the minimum DNBR remains above the
limit value.

2. Dropped RCCA Bank.

A dropped RCCA bank typically results in a reactivity
insertion greater than 500 pcm which will be detected
by the power range negative neutron flux rate trip
circuitry. The reactor is tripped within approximately
2.5 seconds following the drop of a RCCA bank. The
core is not adversely affected during this periog,
since power is decreasing rapidly. Following reactor
trip, normal shutdown procedures are followed to
further cool down the plant. Any action required

of the operator to maintain the plant in a stabilized
condition will be in a time frame in excess of ten
minutes following :he incident.
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Statically Misaligned RCCA

The most severe misalignment situations with res-
pect to DNBR at significant power levels arise from
cases in which one RCAA is fully inserted, or where
bank D is fully inserted with one RCCA fully with-
drawn. Multiple independent alarms, including a
bank insertion limit alarm, alert the operator well
before the postulated conditions are approached.
The bank can be inserted to its insertion limit
with any one assembly fully withdrawn without the
DNBR falling below the limit value.

The insertion limits in the techn’cal specifica-
tions may vary fr m time to time depending on a

numbesr of JIX12i8s oriteitia. It ia preieravie,

therefore, to analyze the misaligned RCCA case at
full power for a position of the control bank as
deeply inserted as the criteria on minimum DNBR and
power peaking factor will allow. The full power
insertion limits on control bank D must then be
chosen to be above that position and will usually
be dictated by other criteria. Detailed results

will vary from cycle to cycle depending on tuel
arrangements,

For this RCCA misalignment, with bank D inserted

to its full power insertion limit and one RCCA

fully withdrawn, DNBR does not fall below the

limit value. This case was analyzed assuming the
initial reactor power, pressure, and RCS temperatures
were at their nominal values, but with the increased
radial peaking factor associated with the misaligned
RCCA. Uncertainties in initial conditions were
included as described in WCAP-8567.

DNB calculations have not been performed specifi-
cally for assemblies missing from other banks;
however, power shape calculations have been done as
required for the RCCA ejection analysis. Inspec-
tion of the power shapes shows that the DNB and
peak kW/ft situation is less severe than the bank D
case discussed above assuming insertion limits on
the other banks equivalent to a bank D full-.n
insertion limit.

For the RCCA misalignments with one RCCA fully |
inserted, the DNBR does not fall below the limit
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value. This case was analyzed assuming the initial
reactor power, pressure, and RCS temperatures are

at their nominal values, but with the increased
radial peaking factor associated with the misaligned
RCCA. Uncertainties in the initial conditions are
included as described in WCAP-8567.

DNB does not occur for the RCCA misalignment inci-
dent and thus the ability of the primary coolant to
remove heat from the fuel rod is not reduced. The
peak fuel temperature corresponds 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 resnlting
linear heat gencration is well below that which
would cause fuel melting.

Following the identification ¢f a RCCA group mis-
alignment condition by the operator, the operator
is required to take action as required by the plant
technical specifications and operating instructions.

Single RCCA Withdrawal

Method of Analysis

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

Results

For the single rod withdrawal event, two cases have
been considered as follows:

1. If the reactor is in the manual control mode, con-

tinuous withdrawal of a single RCCA results in both
an increase in core power and coolant temperature,
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and an increase in the local hot channel factor in
the area of the withdrawing RCCA. In terms of the
overall system response, this case is similar to
those presented in Subsection 15.4.2; however, the
increased local power pPeaking in the area of the
withdrawn RCCA results in lower minimum DNBR's 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 core DNBR from falling
beiow the limit value. Evaluation of this case at
the power and coolant conditions at which the over-
temperature AT trip would be expected to trip the
pPlant shows that an upper limit for the number of
rods with a DNBR less than the limit value is 5%.

2. If the reactor is in the automatic control mode,
the multiple failures that result in the withdrawal
of a single RCCA will result in the immobility of
the other RCCA's in the controlling bank. The
transient will then proceed in the same manner as
Case 1 described above.

For such cases as above, a reactor trip will ultimately ensue,
although not sufficiently fast in all cases to prevent a mini-
mum DNBR in the core of less than the limit value. Following
reactor trip, normal shutdown procedures are followed.

15.4.3.3 Radiological Consequences

The most limiting rod cluster control assembly misoperation,
accidental withdrawal of a single RCCA, is predicted to result
in limited fuel damage. The subsequent reactor and turbine
trip would result in atmospheric steam dump, assuming the con-
denser was not available for use. The radiological conse-
quences from this event would be no greater than the main
steamline break event, analyzed in Subsection 1%5.1.5.

15.4.3.4 Conclusions :

For cases of dropped RCCA's or dropped banks, for which the
reactor is tripped by the power range negative neutron flux
rate trip, there is no reduction in the margin to core thermal
limits, and consequently the DNB design basis is met. It is
shown for all cases which do not result in reactor trip that
the DNBR remains greater than the limit value and, therefore,
the DNB design is met.
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For all cases of any RCCA fully inserted, or bank D inserted to
its rod insertion limits with any single RCCA in that bank
fully withdrawn (static misalignment), the DNBR remains greater
than the limit value.

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 bank D at the insertion
limit, an upper bound of the number of fuel rods experiencing
DNB is 5 percent of the total fuel rods in the core.

15.4.4 STARTUP OF AN INACTIVE REACTOR COOLANT PUMP AT AN
INCORRECT TEMPERATURE

15.4.4.1 1Identification of Causes and Accident Description

If the plant is operated with one or two loop stop valves of
one of its loops closed, there is no flow from the reactor
vessel and active loops to inactive loop and the plant operates
much as if it were a three-loop unit. In such a situation the
isolateu section of the loop could be cooler than the tempera-
ture of the active loops.

Interlocks are provided to ensure that an accidental startup of
an isolated loop which has a lower temperature than the core
and active loops will be a relatively slow accident. Boron
concentration in the isolated loop is administratively control-
led. The interlocks ensure that flow from the isolated loop to
the remainder of the RCS takes place through the relief line
bypassing the cold-leg stup valve for a period of approximately
3 hours before the cold-leg stop valve can be opened. The flow
through the relief line is made low (no more than 182 gpm) so
that the temperature and boron concentration in the isolated
loop are brought to equilibrium with the remainder of the
system at a relatively slow rate should the administrative
procedures be violated and an attempt made to open stop valves
when the isolated loop temperatures or boron concentration is
lower than that in the core and active loops. These conditions
apply for Modes 1, 2, 3 and 4. For Modes 5 and 6, the tempera-
ture and boron concentration considerations apply, but the 3
hour minimum flow condition does not.

Interlocks are provided to:

a. Prevent opening of a hot leg loop stop valve unless the
cold leg stop valve in the same loop is fully closed.

b. Prevent starting a reactor coolant pump unless:

1. The cold leg loop stcp valve in the same loop is
fully closed and the loop bypass valve is fully
open, c¢r
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