3.2 REACTIVITY CONTROL

Applicability: Applies to core reactivity and the operating status of the
reactivity control systems for the reactor.

Objective: To assure reactivity control capability of the reactor.

Specification:

A. Core Reacti~ iy

e core reactivity shall be limited such that the core could be
made subcritical at any time during the operating cycle, with the
strongest operable control rod fully withdrawn and all other
operabie rods fully inserted.

B. Control R0d System

. The control rod drive housing support shall be in place
during power operation and when the reactor coolant system is
pressurized above atmospheric pressure with fuel in the
reactor vessel, unless all control rods are fully inserted
and Specification 3.2.A is met.

N
.

The Rod Worth Minimizer (RWM) shall be cperabie during each

reactor startup until reactor power reaches 10% of rated
power except as follows:

(a)

(b)

Should the RWM become inoperable after the first twelve
rods have been withdrawn, the startup may continue
provided that a second licensed operator verifies that
the licensed operator at the reactor console is
following the rod program.

Should the RWM be inoperable before a startup (see NOTE
below) is commenced or before the first twelve rods are
withdrawn, one startup during each calendar year may be
performed without the RWM provided that the second
licensed operator verifies that the licensed operator at
the reactor console is following the rod program and
provided that a reactor engineer from the Core
Engineering Group also verifies that the rod program is
being followed. A startup without the RWM as described
in this subsection shall be reported in a special report
to the Nuclear Regulatory Commission (NRC) within 30
days of the startup stating the reason for the failure
of the RWM, the action taken to repair it and the
schedule for completion of the repairs.

NOTE: During Cycle 11 _nly, unlimited reactor startups are permitted without
the Raﬂ. The Control Rod Pattern Templates must be used during Cycle
11 when the RWM is bypassed or inoperable until 50% control rod density
(black and white pattern) is achieved or 10% power is reached whichever

occurs first,
in effect.
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A1l other provisions of Specification 3.2.8.2.b remain

3.2-1 Amendment No. 75, 113



Control rod withdrawal sequences shall be established with a
banked position withdrawal sequence so that the rod drop
accident design limit of 280 cal/gm is not exceeded. For
control rod withdrawal sequences not in strict compliance to
BPWS, the maximum in sequence rod worth shall be less than or
equal to 1.0% delta K,

The average of the scram insertion times of all uperable control
rods shall be no greater than:

Rod Length Insertion Time
Inserted (Percent) (Seconds)
» 0.375
20 0.900
50 2.00
90 5.00

The average of the scram insertion times for the three fastest
control rods of all groups of four control rods in a two by two
array shall be no greater than:

Rod Length Insertion Time
Inserted (Percent) (Seconds)
5 0.398
20 0.954
50 2.120
90 5.300

Any four rod group may contain a control rod which is valved out of
service provided the above requirements and Specification 3.2.A are
met. Time zero shall be taken as the de-energization of the pilot
scram valve solenoids.

Controls rods which cannot be moved with control rod drive pressure
shall be considered inoperable, If a partially or fully withdrawn
control rod drive cannot be moved with drive or scram pressure the
reactor shall be brought to a shutdown condition within 48 hours
unless investigation demonstrates that the cause of the failure is
not due to a failed control rod drive mechanism collet housing.
Inoperable controi rods shall be valved out of service, in such
positions that Specification 3.2.A is met. In no case shall the
number of rods valved out of service be greater than six during the
power operation, If this specification is not met, the reactor
shall be placed in the shutdown ccadition,

Control Rods shall not be withdrawn for approach to criticality
unless at least two source range channels have an observed count
rate equal to or greater than 3 counts per second,

Standby Liquid Control System

The standby 1iquid control system shall be operable at all times
when the reactor is not shut down by the control rods such that
Specification 3.2.A is met and except as provided in Specification
3. 883
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3.(a)

(b)

(¢)

QYSTER CREEK

The standby liquid control solution shall have a Boron-10
isotooic enrichment equal to or greater than 35 atom %, be
maintained within the crosshatched volume-concentration
requirement area in Figur~ 3.2-1 and at a temperature not less
than the temperature presented in Figure 3.2-2 at all times when
the standby liquid control system is required to be operable,

[f one standby liquid control system pumping circuit becomes
inoperable during the RUN mode and Specification 3,.2.A is met,
the reactor may remain in operation for a period not to exceed 7
days, provided the pump in the other circuit is demonstrated
daily to be operable, otherwise be in the Shutdown condition
within 24 hours,

If the solution is outside the crosshatched volume-concentration
area but within the shaded volume-concentration area of Figure
3.2-1, return the solution to the crosshatched area within 7
days. IF after this time p:riod the requirement is still not
met, submit a report to the NRC within 7 days advisiny them of
plans to return the solution to the crosshatched
volume-concentration area.

If the solution is outside the crosshatched volume concentration
area and outside the shaded volume-concentration area of Figure
3.2-1, return the solution to within the shaded
volume-concentration area of Figure 3.2-1 or be in the Shutdown
condition within 24 hours.

If the solution temperature is less than the minimum shown in
Figure 3,2-2, increase the temperature to greater than the
minimum and verify the solution is within the shaded
volume-concentratioin area of Figure 3.2-1 or be in the shutdown
condition within 24 hours,

[f the enrichment reqiirement of 3,2,C.2 is not met:

(1) Return the Boron-10 ifsotopic enrichment to greater than or
equal to 35 atom % within 7 days of the receipt of the
enrichment report. [f after this time period the enrichment
requirement is still not met, submit a report to the NRC
within 7 days advising them of the plans to return the
solutiun (o greater than or equal to 25 atom % Boron-10
isotopic enrichment,

(2) A check shall be made to ensure that the sodium pentaborate
solution meets the original design criteria by comparing the
enrichment, concentration and volume tC established criteria
(Borun-10 equal to or greater than 82 pounds), I[f the sodium
pentaborate solution does not meet the originz’ :>riteria, be
in the Shutdown condition within 24 hours,
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satisfied for the entire subsequent fuel cycle, The criterion will be
satisfied by demonstrating Specification 4,2.A at the beginning of each
fuel cycle with the core in the cold, xenon-free condition. This
demonstration will include consideration for the calculated reactivity
characteristic during the following operating cycle and the uncertainty
in this calculation,

The control rod drive housing support restricts the outward movement of
a control rod to less than 3 inches in the extremely remote event of a
housing failure (2). The amount of reactivity which could be added by
this small amount of rod withdrawal, which is less than a normal single
withdrawal increment, will not contribute to any damage to the reactor
coolant system. The support is not required when no fuel is in the
coré since no nuclear consequences could occur in the absence of fuel,

The support is not required if the reactor coolant system is at
atmospheric pressure since there would then be no driving force to
rapidly eject a drive housing. The support is not required if all
control rods are fully inserted since the reactor would remain
subcritical even in the event of complete ejection of the strongest
control rod (3).

The Rod Worth Minimizer (4) provides automatic supervision of
conformance to the specified control rod pdatterns. It serves as a
back-up to procedural contrcl of control rod worth, In the event that
the RWM is out of service when required, a licensed operator can
manually fulfill the control rod pattern conformance functions of the
RWM in which case the normal procedural controls are backed up by
independent procedural controls to assure conformance during control
rod withdrawal, This allowance to perform a startup without the RWM is
Timited to once each calendar year to assure a high operability of the
RWM which is preferred over procedural controls,

Cantrol rod drop accident (RDA) results for plants using banked
position withdrawal sequences (BPWS) show that in all cases the peak
fuel enthalpy in an RDA wouid be much less than the 280 cal/gm design
limit even with the maximum incremental rod worth., The EPWS is
developed prior to initial operation of the unit following any
refueling outage and the requirement that the operator fillow the BPWS
is supervised by the RWM or a second licensed operator, If it is
necessary to deviate slightly from the BPWS sequence (i.e,, due to an
inoperable control rod) no further analysis is needed if the maximum
incremental rod worth in the modified sequence is equal to or less than
1.0% delta K. An incremental control rod worth of less than or equal
to 1.0% delta K will not result in a peak fuel enthalpy above the
design 1imit of 280 cal/gm as documented in reference 10,

The BPWS 1imits the reactivity worths of control rods and together with
the integral rod velocity limiters and the action of the control rod
drive system limits potential reactivity insertion such that the
results of a control rod drop accident will not exceed a maximum fue)
energy content of 280 cal/gm. Method and basis for the rod drop
accident analyses are documented in Reference 5,
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QYSTER CREEK 1.2-6 Anendment No.: 75

The control rod system is designed to bring the reactor subcritical
from a scram signal at a rate fast enough to prevent fuel damage.
Scram reactivity curve for the transient analyses is calculated and
evaluated with each reload core, In the analytical treatment of the
transients, 290 milliseconds are allowed between a neutron sensor
reaching the scram point and the start of motion of the control rods.
This is adequate and conservative when compared to the typical time
delay of about 210 milliseconds estimated from scram test results.
Approximately the first 30 milliseconds of each of these time intervals
result from the sensor and circuit delays when the pilot scram solenoid
de-energizes. Approximately 120 miliiseconds later, the control rod
motion is estimated to actually begin. However, 200 milliseconds is
conservatively assumed for this time interval in the transient analyses
and *his is also included in the allowable scram {asertion times of
Specification 3.2.8.3. The specified 1imits provide sufficient scram
capability to accommodate failure to scram of any one operable rod,
This failure is in addition to any inoperable rods that exist in the
core, provided that those inoperable rods met the core reactivity
Specification 3.2.A,

Control rods (5) which cannot be moved with control rod drive pressure
are clearly indicative of an abnormal operating condition on the
affected rods and are, therefore, considered to be inoperable.
Inoperadble rods are valved out of service to fix their position in the
core and assure predictable behavior. If the rod is fully inserted and
then valved out of service, it is in 2 safe position of maximum
contribution to shutdown reactivity., If it is valved out of service in
a non-fully inserted position, that position is required to be
consistent with the shutdown reactivity Yimitation stated in
Specification 3.2.A, which assures the core can be shutdown at all
times with control rods. Before a rod is valved out of service in a
non-fully inserted position an analysis is performed to insure
Specification 3.2.A is met.

The number of rods permitted to be valved out of service could be many
more than the six allowed by the specification, particularly late in
the operating cycle; however, the occurrence of more than six could be
indicative of a generic problem and the reactor will be shut down,
Also 1f damage within the control rod drive mechanism and in
particular, cracks in drive internal housings, cannot be ruled out,
then a generic problem affecting a number of drives cannot be ruled
out., Circumferential cracks resulting from stress assisted
intergranular corrosion have occurred in the collet housing of drives
at several BWRs, This type of cracking could occur in a number of
drives and if the cracks propagated until severance of the collet
housing occurred, scram could be prevented in the affected rods,
Limiting the period of operation with a potentially severed collet
housing and requiring increased surveillance after detecting one stuck
rod will assure that the reactor will not be operated with a large
number of rods with failed collet housings. Placing the reactor in the
shutdown condition inserts the control rods and accomplishes the
objective of the specifications on control rod operability., This
operation is normally expected to be accomplished within eight hours.




The source range monitor (SRM) system (7) performs no automatic safety
function. It does provide the operator with a visual indication of
neutron level which is needed for knowledgeable and efficient reactor
startup at low neutron levels, The results of the reactivity accidents
are functions of the initial neutron flux, The requirement of at least
3 cps gssures that any transient begins at or above the initial value
of 10°° of rated power used in the analyses of transients from cold
conditions. One operable SRM channel would be adequate to monitor the
approach to critical using homogeneous patterns of scattered control
rods.

The scandby liquid control system is designed to bring the reactor to a
cold shutdown condition from the full power steady state operating
condition at any time in core 1ife independent of the control rod
system capabilities (8)., If the reactor is shutdown by the control rod
system and would be subcritical in its most reactive condition as
required in Specification 3.2.A, there is no requirement for
operability of this system, To bring the reactor from full power to
cold shutdown, sufficient 1iquid control must be inserted to give a
negative reactivity worth equal to the combined effects of rated
coolant voids, fuel Doppler, xenon, samarium, and temperature cha e
21us shutdown margin. This requires a Boron-10 concentration of |10
ppm in the reactor. An additional 25% Boron-10, which results in an
average Boron-10 concentration in the reactor of 138 ppm, is inserted
to provide margin for mixing uncertainties in the reactor. An amount
of Boron-10 equal to or greater than 82 pounds will bring the reactor
to cole shutdown,

The standby 1iquid control system is also required to meet 10CFR50,62
(Requirements for Reduction of Risk from Anticipated Transients Without
Scram (ATWS) Events for Light-Water-Cooled Nuclear Power Plants). The
standby liquid control system must have the equivalent control capacity
(injection rate) of 86 gpm at 13 percent by wt. natural sodium
pentaborate for a 251" diameter reactor pressure vessel in order to
satisfy 10CFR50.62 requirements. The equivalency requirement is
fulfilled by a combination of concentration, Boron-10 enrichment and
flow rate of sodium pentaberate solution, A minfmum of 15.0 wt, %
solution and 3% atom % Boron-10 enrichment at a 30 gpm pump flow rate
satisfies the ATWS Rule (10CFR50,.62) equivalency requirement and
assures that the reactor is shutdown before unacceptable containment
conditions develop.

The standby liquid control system is required to insert the solution
within 120 minutes in order to override the rate of reactivity
insertion due to cooldown of the reactor following the xenon peak, the
3737 gallons 5 wt. % point represents the allowable maximum
volume-minimum concentration values which satisfy this requirement,
Compliance with 10 CFR 50,62 (use of enriched boron) results in the
cold shutdown B-10 concentration in the reactor, at the maximum
concentration - minimum volume points chosen 19.6 wt, % 913 gallons,
being injected in approximately 26 minutes, Thus, the system will
insert the solution in the time interval of between 26-120 minutes.
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The shaded area of Figure 3.2-1 represents the acceptable values of
1iquid control tank volume and solution concentration which assure
that, with one 30 gpm 1iquid control pump, the reactor can be brought
to the cold shutdown condition from a full power steady state operating
condition at any time in core 1ife independent of the control rod
system capabilities., The crosshatched area of Figure 3,2-1 represents
the acceptable values of liquid contrnl tank volume and solution
concentration which assure that the equivalency requirements of
"0CFR50.62 are satisfied. The maximum volume of 4213 gal is
established by the tank capacity. The tank volume requirements include
consideration for 137 gal of solution which is contained below the
point where the pump takes suction from the tank and, therefore, cannot
be inserted into the reactor,

The solution saturation temperature varies with the concentration of
sodium pentaborate, The solution will be maintained at least 5°F above
the saturation temperature to guard against precipitation., The 5°F
margin is included in Figure 3.2-2. Temperature and 1iquid level
alarms for the system are annunciated in the control room.

The acseptable time out of service for a standby liquid control system
pumping circuit as well as other safety features is determined to be 10
days. However, the allowed time out of service for a standby liquid
control system pumping circuit is conservatively set av 7 days in the
specification. Systems are designed with redundancy to increase their
availability and to provide backup if one of the components is
temporarily out of service,

During each fuel cycle excess operating reactivity varies as fuel
depletes and as any burnable poison in supplementary control is

burned. The magnitude of this excess reactivity is indicated by the
integrated worth of control rods inserted into the core, referred tc as
the control rod inventory in the core. As fuel burnup progresses,
anomalous behavior in the excess reactivity may be detected by
comparison of actual rod inventory with expectad inventory based on
appropriately corrected past data., Experience at Oyster Creek and
other operating BWR's indicates that the control rod inventory should
be predictable to the equivalent of one percent in reactivity.
Deviations beyond this magnitude would not be expected and would
require thorough evaluation. One percent reactivity limit is
considered safe since an insertion of this reactivity into the core
would not lead to transients exceeding design conditions of the reactor
system,
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Fig. 3.2-1 Sodium Pentaborate Solution Volume - Concentration Requirement
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FIGURE 3.2.2 - Sodium Pentaborate Soiution
Temperature Requirements
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3. Functional test Each refueling outage

4, Solution volume and Once/day
temperature check

5. Solution Boron-10 Each refueling outage.
enrichment Enrichment analyses shall be

received no later than 30
days after startup from the
refueling outage. If not
received within 30 days,
notify NRC (within 7 days)
of plans to obtain test
results,

F. At specific power operation conditions, the actual control rod
configuration will be comparad with the expected configuration
based upon appropriately corrected past data. This comparison
shall be made every equivalent full power month, The initial rod
inventory measurement performed with equilibrium conditions are
established after a refueling or major core alteration will be used
as base data for reactivity monitoring during subsequent power
operation throughout the fuel cycle.

G. The scram discharge volume drain and vent valves shall be verified
open at least once per 31 days, except in shutdown mode*, and shall
be cycled at least one complete cycle of full travel at least
quarterly,

H. A1l withdrawn sontrol rods shall be determined OPERABLE by
demonstrating the scram discharge volume drain and vent valves
OPERABLE. This will be done at least once per refueling cycle by
pla.ing the mode switch in shutdown and by verifying that:

a, The drain and vent valves close within 30 seconds after
receipt of a signal for control rods to scram, and

b. The scram signal can be reset and the drain and vent valves
open when th2 scram discharge volume trip is bypassed.

Basis: The core reactivity limitation (Specification 3.2.A) requires that
core reactivity be limited such that the core could be made
subcritical at any time during the operating cycle, with the
strongest operable control rod fully withdrawn and all other
operable rods fully inserted. Compliance with this requirement can
be demonstrated conveniently only at the time of refueling.
Therefore, the demonstration must be such that it will apply to the
entire subsequent fuel cycle., The demonstration is performed with
the reactor core in the cold, xenon-free condition and will show

*These valves may be closed intermittently for testing under administrative
control.
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