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A reanalysis of the dilution events with the BOMS inoperable was
performed to demonstrate that, given bounding assumptions made on
flowrates from the Reactor Makeup Water System, conservative temperature
differences between the diluted water source and the Reactor Coolant
System, and conservative ratios of initial to critical boron
concentrations, that the operator would have adequate time to terminate
the dilution before criticality occurs., The ratios of initial to
critical boron concentrations assumed in the safety evaluation for the
different modes of operation are confirmed to be bounded during cycle
specific evaluations. The flowrates used in the evaluations with the
BOMS inoperable are chosen to ensure that the operator will have 15
minutes in which to terminate the dilution prior to criticality. The
Technical Specification flowrates are conservatively chosen to ensure
that the flowrate values used in the evaluations are not exceeded,

Results and Conclusions

The evaluation of the boron dilution accident shows that the operator
will be able to terminate a dilution event in Modes 3-5 prior to
recriticality and that al) Standard Review Plan acceptance criteria for
the boron dilution event are satisfied. FSAR markups based on the
evaluation are attached.
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Modes -6 are analyzed witn two different methods for two different
pucposes., First, with the BDMS assumed to be operable, the accident is
analyzed tu demonstrate that there is adequate time, without restrictions
on the flow rates from potential dilution soutces, for the BDMS to
terminaty the dilution prior to criticality. This time consists of two
components: 1) the pericd required to stroke the valves manipulated by
the BDMS and 2) the period required, once the unborated water source has
been isclated, to purge the remaining unborated water from the piping
leadiry to the RCS., Second, with the BDMS assumed to be inoperable, the
accident is analyzed to demonstrate that there is adequate time, possibly
with restrictions on the flow rates from potential dilution sources, for
the cperator to terminate the dilution priocr to criticality. Since the
BOMS is not used in Modes 1 and 2, the analysis of these modes 13 similar
to the analysis of Modes 3-6 with the BDMS assumed to be inoperable, but
without the restrictions on flow rates.

W, . : - I’ : :

Mitigation of a boron dilution accicent is not assumed to begin until an
alarm has warned of the abnormal circumstances caused by the event. For
Meodes 3-6 with the BDMS operable, the alarm function is provided by the
measured source range count rate exceeding the BDMS setpoint. For Modes
3-6 with the BDMS inoperable, the alarm function is providea by the
source range high~flux-at-shutdown alarm exceeding its setpoint, For
Mode 2 and for manual rod control during Mode 1, the alarm function is
provided by the earliest reactor trip setpoint reached. Finally, for
automatic rod control during Mpde 1, the alarm function is provided by
the alarm which occurs when the control rods reach their insertion
limits.

w = ! !

A postulated dilution =avent prooresses faster for smaller RCE water
volumes, Therefore, the analysis considers the smallest RCS water volume
in . which the unborated water is sactively mixed by forced circulatien.
For Modes 1=3, the Technical Specifications regquire that at least c¢ne
reactor coolant pump be cperating. This forced circulation will mix the
RCS inventory in the reacto- vessel and each of the four reactor coclant
loops.  The pressurizer and the pressurizer surge line are not included
in the volume available for dilution in Modes 1-3. For ncrmal osperation
in Mode 4, forced circulation is typically maintained, although the
Technical Specificaticons do not regquire it. Thke volume available for
dilution in Mode 4 is therefore conservatively assumed to not include the
upper head of the reactor vessel, a region which has reduced flow in the
absence of forced circulation, or the pressurizer and the pressurizer
surge line. Since the Technical Specifications do require operability
of all four steam generatcrs during Mode 4, all four of the rsactor
soolant loops, in addition to the remainder of the reactor vessel, are
included in the RCS volume available for dilution. For Modes 5 and 6,
the reactor cooclant water level may be drained to below the top of the
main coolant loop piping, and at least one train of the Residual Heat
Removal System (RHRS) is operating. The veolume available for dilution
in these modes is limited to the smaller volume RHRS train plus the
portions ¢of the reactor vessel and reactor coolant loop piping below the
minimum water level (7.5 inches above the centerline ¢f the hot and cold
leg piping) and between the RHRS inlet and outlet connections, The
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minimum water level used to calculate this volume is corrected for level
instrument uncertainty.

Borop Concentrations

The Technical Specifications require that the shutdown margin in the
various modes be above a certain minimum value. The difference in boron
concentration, between the value at which the relevant alarm function is
actuated and the value at which the reactor is just critical, determines
the time available to mitigate a dilution event. Mathematically, this
time is a function of the ratio of these two concentrations, where a
large ratio corresponds to a longer time, During the reload safety
analysis for each new core, the above concentrations are checked to
ensure that the value of this ratic for each mode is larger than the
corresponding ratio assumed in the accident analysis. Each mode of
operation covers a range of temperatures., Therefore, within that mode,
the temperature which minimizes this ratio is used for compariscn with
the accident analysis ratic. For accident initial conditions in which
the control cods are withdrawn, it is conservatively assumed, in
calculating the critical boron concentration, that the most reactive RCCA
does not fall into the core at reactor trip. This assumption is also
conservatively applied in mMede¢ 3 when the initial condition is hot zero
power . For colder conditions in Modes 3-5, emergency procedurec for
reactor trip with a stuck RCCA require that, prior to the initiation of
the cooldown, the boron concentraticn be increased by an amount which
compensates for any RCCAs not completely inserted.

pilution Flow Ra

In the absence of flow rate restrictions, the dilution flow rate assumed
to enter the RCS is greater than or equal to the design volumetric flow
rate of both reactor makeup water pumps. In a dilution event, these
pumps are assumed to deliver unborated water to the sucticen of the
centrifugal charging pumps. Since the water delivered by these pumps is
typically colder than the RCS inventory, the unborated water expands
within the RCS, causing a given volumetric flow rate measured at the
¢older temperature to correspond to a larger volumetric dilution flow
rate within the RCS., This density difference in the dilution flow rate
is accounted for in the analysis. The above assumption on flow rate is
also conservatively used for Mode 6, even though valve NV-230 in the
Chemical and Veclume Control System (CVCS) is locked cleosed during
refueling. This valve blocks the flow paths which could allow unborated
makeup to reach the RCS. Any makeup which is required during this mode
is borated water supplied from the refueling water storage tank.

Besults

The calculated sequence of svents is shown in Table 15.4.1-1.

Silutdon During Modes in which the BDMS is Reguired (Modes J:96)

During Mode 6 an inadvertent dilution from the Reactor Makeup Water
System is prevented by administrative controls which isolate the RCS from
potential sources of unborated makeup water. The results presented in
Table 15.4.1~1 for this mode are for an assumed dilution event, for which
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no mechanism or flow path has been identified. For Modes 3-6 with the
BDMS operable, the results presented in Table 15.4.1-1 show that there
is adequate time to reach the BDMS alarm setpoint, stroke closed the
valves to isolate the source of unborated water, and purge the unborated
water already in the CVCS piping, before the shutdown margin is exhaust=-
ed. For Modes 3-6 with the BDMS inoperable, the results presented in
Table 15,4.1-1 show that, with limitations on flow rates from potential
sources of unborated water, there is adequate time for the operator to
determine the cause of the dilution, isolate the source of unborated
water, and initiate reboration before the shutdown margin is exhausted.
In accordance with Reference 11, adeguate time is judged to be at least
15 minutes for Modes 3~5 and at least 30 minutes for Mode 6, The results
presented in Table 15.4.1-1 are for the dilution flow rates which,
assuming the boron concentration ratios are at the reload safety analysis
limits, give exactly these operator response times, Flow rates are
restricted, through Technical Specificatiocns and administrative controls,
to values which are less than these analyzed flow rates, thus in practice
giving even longer operator response times. Additional margin is
provided by the fact there is typically margin between the assumed boron
concentration ratio for a given mode and the actual corresponding
concentration ratio for the reload core.
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r<;hlution Quring Cold Shutdown (Mode 5)

Conditions at cold shutdown require the reactor to be shut down by at least
1.0% &x/k. The ratio of the 1.0% Ak/k shutdown boron concentration to the
cr1t1ca boron cancentration is assumed to be the conservatively low virlue of
1.15, Th& following conaitions are assumed for an uncontrolled boron dilution
during cold\ghutdown:
18 on flow is assumed to be the design output of gatn reactor
makeup\water pumps (300 gpm). /

2. Mixing of\the reactor coolant is accomplished byfthe operation of one
residual heat removal pump. /

volume (3588 ft3) in the Rps/*s used. This is the
the RCS for residual heat removal system operation.
)/ 4

8 A minimum wate
minimum volume

Oilution During Hot Shutdown(Mode 4)

V4
A\ rd

Conditions at hot shutdown reou*re the reactor to be shut down by at least
1.3% Ak/k. The ratio of the 1.3% Ak/k shutgbwn boron concentration to the
critical boron concentration is as d to/be the conservatively low value of
1.15. The following canditions are‘qssupbd for an uncontroiled beron dilution
during hat shutdown:

Dilution flow is assumed ;d'bi\@ho design output of both reactor
makeup water pumps (300 gbm) \\

Mixing of the reactonfcoolant s aég?mplisneo by the operation of one
residual heat remova! pump.

R

A minimum water yoiume (3588 ft3) in tne RCS is used. This is the
minimum volume gf tne RCS for residual heat removal system operation.
/ \

Dilution During Hot Standby (Mode 3)

Lol

b

/ \
Conditions at hot srandby raquire the reactor to have available at least 1.30%
Ak/k shutdown margin. This mode of operation is analyzed both with and without
the most reactc‘g rod cluster control assembly (RCCA) stuck‘out of the core.
The stuck rod cdse is assumed to occur immediately after a regctor trip and
‘s therefore ahalyzed at novload conditions. The case with no\stuck rod is
analyzed at J50°F which 1s conservative since this is the lowest permissible
in this mode. For bdoth cases analyzed, the ratio of the 1.3% Ak/k
shutdown poron concentration .o the critical boren concentration i§§§fsumeo to

be the génservatively low value of 1.15. The “~llowing congitions ace assumed
in e;&ﬂ'case for a3 continuous boron dilution during hot standby: \\

/1. Dilution flow is assumed to be the design outout of both reactnr

' makeup water pumps (300 gpm). \

2. A minimum water volume (9029 ft3) in the Reactor Coolant System i9\
used. This corresponds to the active volume of the Reactor Coolant)
System while on natural circulation, i.e., the reactor vessel upper
head and the pressurizer are not included.

I

15.4-20
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V/potential source of unborated makeup water.

ilution OQuring Startup (Mode 2)

;z)(tuo is a transitory mode of operation. In this mode the plant is being
taken from one Tong term mode of cperation, hot stanaby, to another, power
operation. The plant is maintainea in the startup mode only for the ourgd%e of
startup\testing at the beginning of eacn cycle. OQOuring this mode of opgration,
the plant\is in manual control, i.e., Tavg/rod contrel is in manual. A1l
normal actipns required to change cower ‘evel, either up or down, reguire
operator initiation. The Technical Specifications reguire a shutdown margin
of 1.3% Ak/k a0a four reactor coolant pumps operating. Additional conditions
assumeq are: /

\ .

1.  Dilutiom flow rate is a conservatively high char 3ing fiow rate (200
gpm) consystent with Reactor Coolant System operatfon at 2250 psia
and 557°F.\ /

N\ 7/

2. A minimum RCS\volume of 9800 ft3. This is a conservative estimate of

the active RCS'wolume, minus the pressurizep volume.

3. The HZP, ARI, N=1\ critical boron conccnyﬁation 1§ assumed to be the
curservatively nhigh vaiue of 1350 ppm, with a very conservative
cons*ant boron wortm of 15.0 pecm/ppm. /

\ s

Qilution Ouring P.ver Oporationtkﬂodo 1)

With the unit at power and the Reactor an{ant System at pressure, the
dilution rate is limited by the capatity of the charging pumps (analysis is
performed assuming all charging pumps '‘dre in operation for manual roa control,
300 gai/min, althougn only one is nopmally in operation). For automatic rod
control at power, a flow capacity of 300\qa|/min is also assumed. The effec-
tive reactivity aadition rate is & functiom of the reactor ccolant temperature
ind boron concentration. Additidnal conaitigns assumed are:

L A minimum RCS voiume of 3800 *t% TMNs is a conservative estimate o°
the active RCS vodume, minus ine pressirizer voliume.

s

The reacnivity’insertion rate calculated %s based on a conservatively
high value fgr the expected boron concentration at power at which
shutdown mafrgin is lost (1150 ppm). N\

The operator is ajérted to an uncontrolled reactivity insection by an over

temperature AT trip or by the rod ‘nsertion alarms depending on whether the
plant is in maptai or automatic rea cantrol. \

Resuits ////

The calcu4;ted seguence of events 73 shown in Table 15.4 1-1.

Diluti¥on During Refueling (Mode 6)

Dyring refueling, an inadvertent ailution from the Reactor Makeup Water %
Yystem is prevented by administrative controls which isolate the RCS from the

15.4-21
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1‘\The most !imiting conditions for an 1naavertent dilution from either the 8TRS
|
!

'br the Reactor Makeup water System occur with the RCS drained to 28"
boxtom [0 of the reactor vessel! inlet nozzles.

The results for Mode 6 indicate that there are 1,95 minutes available petween
the time the BOMS output exceeds the alarm setpoint and the shutdown mapgin
1s exhausted. A conservative response time of 25 seconas 1s assumea fdr the
valves actuated by the BOMS to open or close. Therefore, this analysis
demonstrates ‘that there 1s suffic‘ent time available (~1.3 minutess for any
remaining diluted water to be flusnea from the charging lines and borated
water from the RQ§T to be injected into the RCS prior to a loss of snutdown
margin. \ /

Dilution Duringftola\éhutdown (Mode 5)
N\

s

while in cold shutdown, the RCS thermal conditions apd/maintainod while

operating on the Residual Heat Removal System (RHRS) with the RCS drained to
26" above the bottom [D of‘the reactor vessel inlgt nozzles.

The results for Mode 5 indicate that there are 1.95 minutes available petween
the time the 80MS output exceeds the aiarm setpoint and the shutdown margin
s exhausted. A conservative response time of 25 ceconds is assumed for

the valves actuated by the BOMS to open of close. Therefore, this analysis
demonstrates that there is sufficient time available (~1.5 minutes) for any
remaining diluted water to be flushedfrom the charging 1ines and borated
water from the RWST to be injected iﬁtd\;ho RCS prior to a loss of shutdown
margin. / N\

Qilution During Hot Shutdown (Mdbe 4)

The resuits for Mode 4 indigdte that there are 1,35 minutes available between
the time the 50MS output a2xceeds the alarm setpoint and the shutdown margin
15 exhausted. A conservative response time of 25 ségonds is assumeg for

the valves actuated by Lne 80OMS to open or close. Thecrerore, this andiysis
Jemonstrates that thepe is sufficient time available (~X 5 minutes) for any
remaining dilutea water to be flushed from the charging I\nes and bSorated
water from the RWS} to be injected into the RCS prior to a oss of snutdown
margin. \

Dilution Juring Hot Standby (Mode 3)

The results/for Mode 2 indicate that there are 5.13 minutes available between
the time phe S0MS output exceeas the alarm setpoint and the shutdown MNrgin
is exhausted. A conservative response time of 25 seconds 15 assumea ToRm

the vales actuated by the BUMS to open or close. Therefore, this analys\s
domop&tratos that there is sufficient time available (~5.7 minutes) faor any
remaining diluted water to be flushed from the charging lines and borated
wg(:r from the RWST to be injected into the RCS prior to a loss of shutdown

N\

ibove t*g/’
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|
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0ilution Quring Startup (Mode 2)

This moce of operation is a transitory mode to go to power and is the
cperaticnal mode in which the cperator intenticnally dilutes and withdraws

15.4-22
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the radfological consequences associated with this event are less severe than
the steam line break event analyzed in Section 15.1.5

15.4. 6.4 Conclusions

For Modes 1 and 2, the results presented above show that there {s adequate
time for the operator to manually terminate the source of ailution flow.
Following termination of the dilution flow, the reactor will be in a stable
condition. The operator can then initic.e boration to recover the shutdown
margin,

For Modes 3 through 6, the BDOMS, as described in Section 7.6.2.4, 1s the
primary source of protection against a dilution event. Even considering the
conservative delays assumed in this analysis, the preceding results indicate
that the BOMS will automatically terminate a dilution event in Modes 3 through
6 prior to a loss of shutdown margin. 4

e SN, A

19.4.7 INADVERTENT LOADING AND OPERATION OF A FUEL ASSEMBLY IN AN
IMPROPER POSITON

15.4.7.1 Identification cf Causes and Accident Description

Fuel and -ore 'cading errors such as can arise from the inadvertent loading of
cne or more fuel assemblies into improper positions, loading a fuel rod during
manutacture with one or more peilets of the wrong enrichment, or the loading of
a full fuel assembly during manufacture with pellets of the wrong enrichment
will lead to increased heat fluxes if the error results in placing fuel in core
positions calling for fuel of lesser enrichment. Also included among possible
core loading errors is the inadvertent loading of cne or more fuel assemblies
requiring burncole poison rods inte a new core without burnable poison rods,

Any error in enrichment, beyond th2 normal manufacturing tolerances, can cause
power shapes which are more peaked than those calculated with the correct
enrichments. There is a 5 percent uncertainty margin included in the design
value of power peaking factor assumed in the analysis of Conditi.n [ and
Condition [I transients. The incore system of moveable flux detectors, which

fs used to verify power shapes at the beginning of cycle, is capable of revealing
any assembly enrichment error or loading error which causes power shapes to be
peaked in excess of the design value.

To reduce the probability of core loading errors, each fu | assembly is marked
with an identification number and loaded in accordance with a core loading dia-
gram. Before core loading, the fuel assemblies in the Spent Fuel Pool, desig-
nated for the next fuel cycle, will have the fuel assembly identification
numbers and inser* identification numbers checked. Following core loading, the
fuel assembly ider ‘fication numbers are again checked as final assurance that
the core has been loaded properiy.

The power distortion due to any combination of misplaced fue! assemblies would
significantly raise peaking factors and would be readily observable with incore
flux monitors. In addition to the flux monitors, thermocoupies are located at
the outlet of about one third of the fuel assemblies in the core. There is a
high probability that these thermocouples would also indicate any abnormally
high coolant enthalpy rise. Incore flux measurements are taken during the
startup subsequent tc every refueling operation.

15.4~24 1988 Update
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Tabie 15.4.1-1 (Page 2)

Time Sequence of Events for Incidents which Cause

Reactivity and Power Distribution Anomalies

Acgidont

Startup of an
Inactive Reactor
Coolant Loop at
an Incorrect
Temperature

CVCS Malfunction
that Results in a
Decrease in the
Boron Concentration
in the Reactor

Coolant

Event Time (sec.)
Initiation of pump startup 1.0
Power reaches F-B trip 13.4
setpoint

Rods begin to drop 13.9
Minimum ONBR occurs 15.0

rep lace with insert from atiacheAd page

da.

ab.

Dilution during
fueling

Dilution durl
cold shutdown

Dilution during
hot shutdown

Dilution during
hot standby
(w/0 stuck rod) ~

Dilutigm during
hut
stuck rod)

iti 750
" \
///p*ﬂution begins 0

Dilution begins /

s
BOMS setpoint is exceeded 7§33
Criticality occurs ////// 750 !
Dilution begins e 0 !
S setpoint 1s exceeped 633
750

S wxceeded 633

N

g "
BOMS setpoint is exceeded 1520
Criticality occurs 1887 \
ilution begins 0
Dilution beg -\
BOMS setpoint is exceeded 1526\\\
Criticality occurs 1887 N\




Dilution during Dilution begins
power operation
(manual rod control) Reactor trip setpoint reached

Operator terminates dilution

Dilution during Dilution begins

power operaticn

(automatic rod Rod insertion limit alarm
control) setpoint reached

Operator terminates dilution
Dilution during Dilution begins
startup

Reactor trip setpoint reached

Operatur terminates dilution

Dilution during Dilution begins
Lot standby
(BDMS operable) BDMS setpoint reached

Dilution source isolated

Borated water reaches core

Dilution during Dilution begins
hot standby
(BDMS inoperable) High~flux-at=shutdown

alarm setpoint reached

Uperator terminates dilution

Dilution during Dilution begins
hot shutdown
(BDMS cperable) BDMS setpoint reached

Dilution source isclated

Borated water reaches core

Diluticn during Dilution begins
hot shutdown
(BDMS inoperable) High=flux-at=-ghutdown

alarm setpoint reached

Cperator terminates dilution

Dilution during Dilution begins
cold shutdown
(BDMS cperable) BDMS setpoint reached

Dilution scurce isolated

Borated water reaches core
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