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Reference: (1) B. 3. Youngblood letter to 3. F. Opeka, Request for
Additional Information, dated October 25,1985.

Dear Mr. Noonan:

Millstone Nuclear Power Station, Unit No. 3
Response to NRC Question 440.72 - Three-Loop Opera _ tion

Enclosed is Northeast Nuclear Energy Company's response to NRC Reactor
Systems Branch question (Q440.72) concerning three-loop cperation of Millstone
Unit No. 3 contained in Reference (1). This response provides informat.on to
show that protection is available in all subcritical modes for all applicable
Anticipated Operational Occurrences (AOO) and Postulated Accidents (PA) to a
level which is judged to be consistent with Modes I and 2, considering the,

potential consequences of each AOO and PA and that Millstone Unit No. 3 can be
operated safely in Modes 3 and 4 for three-loop operation.

If there are any questions, please contact our licensing representative directly.

Very truly yours,

NORTHEAST NUCLEAR ENERGY COMPANY

IE Own
3. F. Opeka
Senior Vice President
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ATTACHMENT I

Question 440.72, N-1 Loop Operation ;

We request the applicant to review each A00 and PA to assure that all
equipment and systems specifically required by Millstone 3 Technical
Specifications to mitigate those events during Mode 1 and 2 would also
be available and provide the same level of protection for Modes 3 and
4. Otherwise, provide additional information to show that the proposed

,

N-1 loop technical specifications for Modes 3 and 4, would not allow>

' the plant to operate in an unanalyzed condition and are consistent with
the safety analyses.

Response

iFSAR analyses of most Anticipated Operational Occurrences (A00s) and
Postulated Accidents (pas) consider only events assumed to occur in

.

Modes 1 and 2, since the elevated temperatures and pressures
! characteristic of these modes would tend to aggravate the consequences

of hardware malfunctions or operator errors, and lead to the most
limiting system transients. Since the Technical Specifications, which
are based upon these analyses, ensure the availability of required

. protection logic and Lquipment in Modes 1 and 2, consideration will
! center upon the consequences of events that are postulated to occur

while the plant is in any of the suboritical operational modes (Modes
3, 4, and 5), and upon protection system requirements in those modes.

Generally, the occurrence of an A00 or PA, when the plant is in a--

subcritical mode, will not result in consequences more severe than !

j those which would result in Modes 1 and 2. In some modes, certain A00s
i or pas cannot occur (e.g., the initiating failure is assumed to occur

in an inoperative or disconnected system), or cannot produce a
,

significant transient (i.e., a transient which would challenge plant
'

safety limits), and therefore, protection is not always required to the
same level as that required in Modes 1 and 2.

e

! "N-1 loop operation" is the general term used to indicate operation, in
' Mode 1 or 2, with one reactor coolant loop out of service. In a plant

that is equipped with loop stop valves, "N-1 loop operation" indicates l

i operation with one loop out of service and isolated. The Millstone Unit |
3 Technical Specifications are written to allow N-1 loop operation (one !

'

isolated loop), and the FSAR supports this with additional accident
analyses in which N-1 loop operation is modelled. Since the FSAR N-1
loop accident analyses consistently assume that the stop valves in the

! inactive reactor coolant loop would be closed, then the Technical,

| Specifications must require closure of these stop valves when in N-1
loop operation, in order to prevent operation in an unanalyzed
condition.

4

Isolation of a reactor coolant loop essentially transforms the I
Millstone NSSS into a three-loop NSSS (in analytic tenns), which is

; equipped with a four-loop reactor vessel, pressurizer, and pressurizer

:
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safaty valv:s. In ord:r to operata with onn isolated loop, the
following requirements must be satisfied: (1) reduction in maximum'

permissable power level, (2) realignment of certain protection system
logic, and (3) modification of certain protection system setpoints.
Analysis results, presented in the FSAR, indicate that the
three-loop configuration of Millstone Unit No. 3 is generally less
limiting than the four-loop configuration, with respect to abnormal
transients. This is especially true for overpressurization transients,
due to the relatively large reactor coolant system volume to power ratio.

Each A00 and PA, reported in the FSAR, has been reviewed with attention
to the expected consequences of assumed occurrences in the subcritical
operational modes (Modes 3 through 5). Consideration has also been
given to applicable protection system requirements, and to protection
system equipnemt availability, as stated in the Technical
Specifications. 'Ihe results and conclusions of this review are
presented below:

15.1.1 and 15.1.2, Feedwater System Malfunction

This A00 increases the core heat removal rate, which reduces the core
temperature, leading to an increase in power generation (due to the
negative moderator temperature coefficient) and a consequential
reduction in thermal margin. The heat removal rate may be increased
either by an increase in feedwater flow, or a decrease in feedwater

'' temperature. The FSAR contains analyses or evaluations for both cases,
in Modes 1 and 2, and for four-loop and three-loop operation.

In Modes 1 and 2, protection is available from the power range high
neutron flux trip. If the increased heat removal is due to abnormally
high feedwater flow, then turbine trip and feedwater isolation will
occur when the narrow range high-high level setpoint is reached in any of
the operating steam generators.

In suberitical modes, the increased heat removal rate would cause an
increase in neutron flux (and an accompanying increase in the audible
count rate). It is also possible that the source range "high-flux at
shutdown" alarm would sound, alerting the operator to the increase in
neutron flux. If no operator action is taken, then any withdrawn rods

' will be automatically inserted into the core when the source range high
neutron flux trip setpoint is reached. The source range high neutron flux
trip is available below Mode 2 (Specification 3.3 1, Table 3 3-1,
Functional Unit 6, page 3A 3-2), and is independent of the number of
reactor coolant loops in operation.

'Ihe A00 caused by a reduction in feedwater temperature is not a concern
in any of the modes below Mode 2, since there is no pre-heating of
feedwater in those modes (the A00 is asstrned to be intiated by an open
heater bypass valve).

1
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En A00 characterized by an increase in feedwat:r flow, and postulated
to result from the failing open of a main fredwattr control valva, is

'

.

not really credible below Mode 2, since the main feedwater system would
probably be secured. Even if the main feedwater system were in
operation in Mode 3, the flow would be controlled via the bypass
feedwater control valves, not the main feedwater control valves, since
the (smaller) bypass valves provide much better control under reduced
flow conditions. Furthemore, a failed-open feedwater bypass valve, in
Mode 3 and below, would result in a slow transient, due to the low
feedwater flow rate.

In Mode 5, the RCS is cold, and any increase in heat removal rate, if
possible, would have little or no effect upon the core.

'Ihe potential for serious consequences, resulting from cooldown events
due to feedwater system malfunctions in the suboritical modes is low, since
the RCS is relatively cool (usually less than the no-load temperature);
and the core is shutdown.

15.1.3, Excessive Load Increase

'Ihis A00 is an increase in steam flow (load), usually 10 percent, which
may or may not generate a reactor trip signal, depending upon the plant
and protection system characteristics. Mode 1 analyses, for four and

'

three-loop operation, are presented in the FSAR. An excessive load
increase in Mode 1 is considered limiting, since an excessive load
increase while the plant is operating at its full rated power would put
the plant at the highest achievable power level. Load increases at less
than full power, or during startup (Mode 2), would not reach as high a
power level before trip (if a trip is required).

In Mode 2, any increase in steam flow, up to ten percent of nominal,
will not result in consequences more severe than those predicted by the
Condition II steamline break analysis (described below).

In Mode 3, the excessive load increase may be considered to be an
inadvertant release of steam, since there can be no load, per se, when
the turbine is off-line and the core is suberitical. The Mode 3 load
increase would be less limiting than the Mode 1 or Mode 2 case, since
the core is already suboritical. It is possible that automatic safety
injection actuation may be blocked by the operator, since it is
necessary to block the low pressurizer pressure SI signal in order to
depressurize the RCS. However, the RCS must be borated to the cold
shutdown concentration prior to blocking SI, in order to prevent a
return to criticality in the event of an accidental cooldown.

.

O
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Tha Mods 4 situation is also bounded by the Condition II st:amlina'

s
break, since pressure and temperature conditions in the primary and-

secondary systems are further reduced. At some point in Mode 4, the RHR*

system will be placed in service, permitting the shutdown of one or
more reactor coolant pumps, and shifting the principal heat sink away
from the steam generators.

In Mode 5, the residual heat removal system must be in operation. Any
steam release, if possible, would have little or no effect upon the
core, since the core would already be cold.

15.1.4, Spurious Opening of a Steam Generator Safety or Relief Valve

The Condition II steamline break, or the spuriotis opening of a steam
generator safety or relief valve, also cools down the core like a load
increase; but the asstaptions that are applied to the accident analysis
are different. he Condition II steamline break is assumed to be an
unisolatable, uncontrolled steam release which may cause a non-unifom
core cooldown (typical of an open safety valve, following steamline
isolation), or a uniform cooldown (typical of an open condenser dump
valve, or any open steam valve prior to steam line isolation) during
the period immediately following a reactor trip, which inserts all but
the most reactive RCCA. (Both cases are considered, and the limiting
cases is reported in the FSAR.) he resulting reactivity excursion may
be large enough to overcome the shutdown margin and return the core to

..

critical. he stuck RCCA is assumed to be located in the coldest
section of the core. his combination of assumptions results in a high
power level in the region of the stuck RCCA, which may lead to DNB and
fuel damage. The Westinghouse acceptance criterion for this A00, and
the main steamline rupture (15.1.5 below), requires that the minimum
DNB ratio remain greater than the limit DNBR throughout the transient,
he Condition II steam line break is analyzed in Mode 2, for both four
and three-loop operation (the results are presented in the FSAR).

In Mode 1, prior to reactor trip, the transient characteristics of this
A00 are similar to the excessive load increase, he first reactor trip
signal, if a trip is required, would probably be generated by the
overpower delta-T protection logic. After the reactor trip, the concern
becmes a possible return to criticality with the most reactive RCCA
stuck in the fully withdrawn position, which may lead to fuel damage,
as in the Mode 2 case (above). However, a post-trip return to
criticality is less likely to occur when this AOO occurs in Mode 1 than
in Mode 2, because there will be more decay heat present, which would
tend to retard the cooldown. The Mode 1 steamline break is discussed in
WCAP-9226 for four and three-loop plants, and these discussions are
applicable to Millstone Unit No. 3 in the four-loop and three-loop
configurations, respectively.

-4
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In Mode 3, results ars cxpected to be bett:r than the Modo 2 cass,.

since pressure, temperature and flow conditions would be less limiting,
and the core is already shutdown. An occurrence in Mode 4 would be even
less severe than an occurrence in Mode 2 or 3, due to the lower initial
RCS temperature, and an effective decoupling of the secondary system -

from the primary system as the reactor coolant pumps are removed from
service and the residual heat removal system is started. Automatic SI
actuation is available through Mode 3, until the RCS is borated and the
SI is blocked (see excessive load increase discussion). One centrifugal
charging pump must be operable in Mode 4, for SI and a minimum of one ECCS
subsystem, consisting of the following, is required to be operable, and

- available for manual intiation (Technical Specification 3 5.3, page 3/4
5-7):

1 centrifugal charging pump
1 residual heat removal heat exchanger
1 residual heat removal pump
1 containment recirculation pump
1 containment recirculation heat exchanger

1 flow path from the RWST/ sump

A cooldown in Mode 5 is unlikely, since the RCS is already cold.
.

15.1.5, Steamline Rupture
'

The steamline rupture is a Condition IV event, producing a greater
uncontrolled steam release than the spurious opening of a steam
generator safety or relief valve (above). However, Westinghouse applies
the same acceptance criterion to all steamline ruptures (Condition II,
III, and IV): the minimum DNB ratio must remain greater than the limit
DNB ratio.

Mode 2 analyses for four and three-loop operation are presented in the
FSAR. As in 15.1.4 (above), the Mode 2 analyses bound postulated
occurrences in Modes 3 and 4, and WCAP-9226 addresses steamline
ruptures in Mode 1. A cooldown in Mode 5 is unlikely, since the RCS is
already cold.

15.2.1, Steam Flow Reduction

Millstone Unit 3 is not equipped with any steam pressure regulators
whose malfunction or failure could cause a steam flow transient. No
analyses are required.

i

|

15.2.2, loss of Electrical Load

This A00 can occur only in Mode 1, since the turbine is off-line in all
other modes. loss of electrical load is bounded by the turbine trip |
(below), which is analyzed and reported in the FSAR for four and
three-loop operation.

-5-
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15.2 3, Turbina Trip,,

This A00 is defined only in Mode 1, since the turbine would be off-line
below Mode 1. The turbine trip bounds the loss of electrical load
(above), since steam flow is terminated more rapidly by a turbine trip
than by a loss of load. The turbine trip is analyzed for four and
three-loop operation, and the results are presented in the FSAR.

15.2.4, Spurious MSIV Closure

The closure of the MSIVs at full power, in Mode 1, would produce a
j transient more severe than closure in any of the other Modes, since

this would yield the greatest mismatch between the heat removal rates
of the primary and secondary coolant systems. MSIV closure in Mode 1 is
bounded by the (Mode 1) turbine trip four-loop and three-loop
analyses (above).

The availability of a means to dump steam to the atmosphere, including
PORVs and safety valves (Technical Specification 3.7.1.1, page 3/4
7-1), is required for decay heat removal, since MSIV closure in all active
steam lines would prevent the use of the condenser.

,

Below Mode 4, closure of the MSIVs would have no effect, since there is
no steam . flow. In these Modes, the RCS is cold, and the residual heat

, , .
renoval system is in operation.

i
15.2.5, Loss of Condenser Vacum

The full power case is bounded by the turbine trip A00. Loss of the>

condenser vacuum, while the plant is below Mode 1, may require decay
heat removal via atmospheric steam d mping, until some time in Mode 4,:

4 when the residual heat removal system is placed in operation..

15.2.6, Loss of Non emergency AC Power

The FSAR presents analyses for the loss of normal feedwater, without;

offsite power available, in four and three-loop operation. These
analyses bound the loss of AC power.

The loss of AC power results in the loss of primary coolant flow and *

;
' main feedwater flow. It must be shown that decay heat can be removed,

via natural circulation in the reactor coolant systorn, to the active

steam generators, which are supplied with auxiliary feedwater.4

: Therefore, a loss cf AC power while the plant is at full power (maximm
decay heat) would be more limiting than an occurrence at lower power or,

: in a lesser Mode. Auxiliary feedwater pumps are required in
Modes 1 through 3, for decay. heat removal (Technical Specification'

3 7.1.2, page 3/4 7-4).

i

,

1
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1In Mode 4, the transition is mads from steam dtanping to thn residuals
' heat removal system for further cooldown. Although the auxiliary-

feedwater pumps are not required to be available in this mode, it is
reasonable to assume that,, during cooldown operations, the reactor

, ' operator would continue to feed the steam generators with auxiliary
| feedwater, well into Mode 4, until the RCS pressure decreases to a

level low enough to allow the use of the Residual Heat Removal System.

In Mode 5,.the principal heat removal path would be via the Residual
Heat Removal System. A loss of AC power under these conditions would
have little or no effect upon the plant heat removal capability.

.,

| 15.2.7, Ioss of Feedwater

This A00 is a loss of heat sink, which results in a heatup and
pressurization of the RCS. Therefore, an occurrence at full power would'

result in the most severe consequences (i.e., Mode 1-is limiting).
'

The FSAR presents Mode 1 analyses for the loss of normal feedwater,
with and without offsite power available, in four and three-loop
operation. The cases without offsite power available would bound the
loss of AC power accident (15.2.6 above).

3

Loss of main feedwater, while the plant is below Mode 1, is not likely,
',, since the main feedwater system would probably be secured, and the

auxiliary feedwater pumps would be used for startup and decay heat
;

removal. Auxiliary feedwater is not required in Mode 4 or 5' once the' ,

Residual Heat Removal System is placed in service.

i

15.2.8, Feedwater Line Rupture-
-!

This PA reduces the heat sink, and may occur any time the steam
generator shell-side is pressurized. An occurrence in Mode 1, at
maximum power, would result in the highest RCS heatup and.

j pressurization. The FSAR contains Mode 1 analyses, for four and three
loops in operation. These analyses would bound postulated ocurrences in
Modes 2, 3, and 4.

I Auxiliary feedwater is required through Mode 3 for decay heat removal
j (Technical Specification 3 7.1.2, page 3/4 7-4).

In Mode 4, the low levels of decay heat and primary and secondary side
,

temperature and pressure would result in a relatively minor, slow
transient, which would not require automatic actuation of auxiliary
feedwater. Once the RHR System is placed in service, auxiliary
feedwater is no longer required for decay heat removal.

In Mode 5, the RHR System would be the principal means of decay heat
removal. A reduction in the steam generator heat sink would have little

,

or no effect upon the primary coolant system.

-7-
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An occurrenos in Moda 1 would produca the most severe consequences.
'

Adequate protection is provided to mitigato tha consequenc:s of.

feedwater line ruptures postulated to occur in the lesser Modes.

g,

15 31, Partial Loss of Flow

'Ihe loss of a reactor coolant pump decreases the heat removal rate,
from the primary to the secondary coolant system, and causes a heatup
in the RCS. An occurrence at full power would produce a greater heatup
than would an occurrence at no-load (Mode 2). In Mode 1, it is possible
to violate the minimum DNB ratio limit, early in the transient, when
the power-to-flow ratio ' is relatively high. Mode 1 cases, at maximum
power, are analyzed for four-loop and three-loop operation, and the
results are presented in the FSAR. For these cases, it is shown that
the minimum DNBR limit is not violated, and therefore, DNB would not
occur.

Below Mode 2, when the core is suberitical, DNB is no longer a credible
consequence. 'Ihe technical specifications permit the shutdown of one or
more reactor coolant pumps (Specification 3.4.1.2, page 3/4 4-2;
Specification 3.4.1 3, page 3/4 4-3; Specification 3.4.1.4.1, page 3/4
4-5), since full flow is no longer required for adequate decay heat
removal. Loss of a reactor coolant pump, below Mode 2, even if it is
the only pump in service, would be bounded by the loss of AC power
(15.2.6 above), which shows that the natural circulation, which is

,

established after all the reactor coolant ptraps coastdown, would be
sufficient to remove decay heat.

15 3 2, Complete Loss of Flow

As in the partial loss of flow, the most severe consequences would
result from an an occurrence in Mode 1 (at high power). A loss of flow
in Mode 1 could lead to DNB and clad failure. The FSAR contains Mode 1
loss of flow analyses for four and three loop operation. The results of
these analyses indicate that the minimum DNB ratio does not fall below
the limit DNBR at any time during the transients. Mode 2 loss of flow
would be bounded by Mode 1 due to the reduced power level.

Below Mode 2, when the core is subcritical, DNB is no longer a credible
consequence. However, the loss of all reactor coolant pumps means that
the only mechanism available for decay heat removal from the core is
via natural circulation, until the restdual heat removal system can be
placed into operation. The heat sink is assumed to be the steaming of
auxilia"y feedwater from the steam generators. 'Ihe technical
specifications require auxiliary feedwater to be available through Mode
3 (Specification 3 7.1.2, page 3/4 7-4). How ver, it is expected that
the operator would continue to use auxiMary feedwater into Mode 4,
until the residual heat removal system can be placed into service. This
PA, and its requirements for protection in the suberitical Modes,.are
similar to the Loss of AC Power and Loss of Feedwater Without AC Power
A00s (15.2.6 and 15.2.7).

-8-

. . _ . . . ._ _ . _ - -



. _ _ _ _ - - .

.

. .

15.3 3 and 15 3.4, Locked Rotor and Reactor Coolant Pump Shaft Breaks

The Locked Rotor and Reactor Coolant Pump Shaft Break are addressed in
the FSAR for occurrences in Mode 1, with four and three loops in

operation. Occurrences in Mode 2 would be bounded by the Mode 1
analyses, due to the reduced power level.

Below Mode 2, these pas are similar to the Partial Loss of Flow
(15 3 1) as far as the potential challenge to safety limits, and
requirements for protection equipment are concerned.

15.4.1, RCCA Withdrawal from Subcritical Condition

The FSAR presents an analysis for this A00 in Mode 2. An occurrence in>

Mode 3, 4, or 5, with two or more reactor coolant pumps in operation,
would be bounded by the analysis in Mode 2. This is based upon the FSAR
analysis assumption that reactor trip does not occur until the
power-range (low setting) high neutron flux setpoint is reached, and
that two banks are withdrawn sequentially at maximum speed (72
step / min). These conservative assumptions result in the core returning
to critical and generating some power prior to trip. Therefore, the

i

primary system flow rate becomes an important consideration, as a
factor in DNB evaluation. (Note that, in Mode 3, the tech specs require
two reactor coolant pumps to be in operation whenever the reactor trip
breakers are closed: Specification 3.4.1.2, page 3/4 4-2.)

,,

Since the FSAR analysis assumes that only two reactor coolant p a ps are'

in operation, the question of whether the plant is in
operation is not relevant (the core power and flow are the same, with
or without an isolated loop). Therefore, the FSAR analysis is
considered applicable to both four-loop and three-loop operational

;

modes.

In Modes 3, 4, and 5, the source range high neutron flux trip will be
available (Epecification 3 3.1, Table 3 3-1, Functional Unit 6, page
3/4 3-2) to terminate the event, by tripping any withdrawn and
withdrawing rods, before any significant power level could be attained.
Also, the reactivity insertion rate would be slower, since a single
failure in the rod control system could cause, at most, the withdrawal
of only one bank, and its withdrawal rate would be expected to be
slower than the maximum rod speed which is possible when in automatic
rod control (and is assumed in the FSAR analysis). Under these'

conditions, DNB (and fuel failure) would not be credible. ,

15.4.2, RCCA Withdrawal at Power

This A00 is defined only in Mode 1. The FSAR presents analyses for the
RCCA Withdrawal at Power for four-loop and three-loop operation.

.

-9-
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15.4.3, Dropped RCCAs (ons or mora RCCAs from the same group), and
,

Dropped RCCA Bank'

Since the dropping of an RCCA or RCCAs or RCCA bank will perturb the
core only if there is some significant neutron flux level, this event
applies only to Modes 1 and 2. Dropping one or more RCCAs may, or may
not, cause a reactor trip (on high negative flux rate), depending upon
the RCCA worth. The FSAR contains the results of analyses for four and
three loops in operation.

Dropping one or more RCCAs while in any of the subcritical modes, if
any are withdrawn, would not produce a significant core transient
(i.e., would not challenge safety limits) .

15.4.3, Single Rod Withdrawal

he limiting case is reported in the FSAR (an occurrence while in Mode
1, at full power). Eis case bounds occurrences at less than full

Mode 2. he three loop operational mode is also bouheded'power, and in
of a loop requires ~a power reouction, and t -

since isolation
imposition of modified rod insertion limits.

An occurrence in any of the subcritical modes would have no effect. No
single rod withdrawal would insert enough reactivity to cause the core

'

to become critical, since the shutdown margin requirements are
'

detemined assuming the most reactive RCCA is fully withdrawn.-

15.4.3, Static Rod Misalignment

As in the dropped RCCAs and dropped RCCA bank, this event would have no
effect in the absence of a critical neutron flux. he limiting case,
and analysis, is for Mode 1, at full power, which bounds Mode 2. Eis
case is presented in the FSAR. In three-loop operation, reduced power
level and modified rod insertion limits ensure that potential
consequences do not exceed those predicted by the four-loop case.

I

15.4.4, Startup of an Inactive Loop

he consequences of this event are directly related to the differences
in temperature and boron concentration between the isolated loop and
the operating loops. The startup of the reactor coolant ptznp, in the
isolated loop, would pump relatively clean, cold water through the loop
stop valve bypass line, into the core, and cause a reactivity .

excursion. he reactivity insertion is limited to the amount of clean l
'

water in the isolated loop. In Mode 1, this reactivity insertion is not
great enough to overcome the shutdown margin. In Mode 2, the reactivity
insertion can overcome the shutdown margin. An analysis of the Mode 2
case is presented in the FSAR.

1
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Startup of an inactiva loop whilo in any of th3 suboritical mod:s woulds
- cause a dilution of the core boron concentration, and consequently, an

increase in reactivity. Unlike a boron dilution A00, in which the
dilution is assumed to be caused by the charging of clean water into
the RCS until some action is taken to terminate the flow, the dilution
due to the startup of an isolated loop ends when the entire water
volume of the isolated loop is swept into the RCS. While the isolated
loop may not contain water of a boron concentration lower than the
remainder of the RCS, it is conservative to assume that this water is
unborated, and that the active RCS water is borated to the maximum
level.

.

In Mode 3, more than one loop may be isolated. If only one loop is
isolated, and the reactor coolant pump in that loop is activated, then
the dilution would be very much like the Mode 2 analysis presented in

.

the FSAR. The main difference between the Mode 2 and Mode 3 cases would
earlier trip in Mode 3 (from the source range high neutron fluxbe an

trip signal).

If more than one loop is asstaned to be isolated, then the active RCS
volume would be smaller, and the dilution rate would be faster.
Following the trip, the operator will have more than ten minutes to
terminate the flow into the RCS.

15.4.6, Boron Dilution
~ This A00 is the subject of a probabilistic risk assessment, which

indicates that the probability of a boron dilution A00, resulting in
the release of radioactivity, is very small.

15.4.7, Fuel Assembly Misloading
i

This event, like the rod misalignment events, is meaningful only in the
presence of a critical neutron flux. Mode 1 behavior is presented in
the FSAR, which bounds the Mode 2 startup case. The FSAR analysis would
also bound. three loop operation (due to the higher rated power 1. hen in

^

'three loop).

,
15.4.8, RCCA Ejection

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

Mode 1 and 2 cases are presented in the FSAR, for four and three loops
in operation.

-11



In Mod:s 3 and 4, the cora may hava all rods out (ARO), all rods in
' '

thutdown banks out with control banks in. A rod ejection is(ARI), or'

not credible in the ARO condition. In the latter cases, ARI and control'

banks inserted, the ejection of an RCCA would not insert sufficient
reactivity to attain criticality. Since criticality, and subsequent
power generation, would not result fr m an RCCA ejection while the
plant is in Mode 3 or 4, then the consequences would be no worse than
the consequences resulting fr a an RCCA ejection in Mode 2.

In Mode 5, RCCA ejection is not credible, since the RCS is
at a very low pressure.

15.5.1, Accidental ECCS Actuation

This A00 is defined in Mode 1; but may also be considered in Mode 2
(i.e., anytime the core is critical), since the principal effect of
ECCS actuation is core shutdown, either due to the reactor trip signal
which is generated by the SI signal (transient initiator), or by the
injection of borated water into the core. Full-power Mode 1 analyses
are presented in the FSAR for four and tnree-loop operation. These
analyses also bound lower power cases, including Mode 2.

In the subcritical Modes, the principal effects of this A00 become mass
addition and subsequent RCS pressurization. The ECCS has the potential
to pressurite the RCS to the pressurizer safety valve setpoint. When
RCS temperature drops to the level necessary to arm COPS (Mode 4 and
below), then the RCS may become pressurized to the pressurizer relief

.

valve setpoint, which is set to provide cold overpressure protection.
As a mass addition transient, this A00 is addressed by the cold
overpressure technical specifications (Modes 4 and 5).

It should also be noted that, in Mode 4 and below, spurious ECCS
actuation is not likely, since most of the autmatic SI signals are
blocked.

15.5.2, CVCS Malfunction

See Sections 15.4.6 and 15 5 1.

15.6.1, Spurious Opening of a Pressurizer Relief or Safety Valve

depressurization event (rather than a LOCA), theWhen analyzed as a
concern becmes a possible violation of the minimum DNBR criterion.
Therefore, this A00 is analyzed in Mode 1, which also bounds Mode 2.
DNB is not a realistic concern in any of the suboritical modes. In Mode
5, this AOO would have little or no effect upon the RCS, since it is
depressurized.

The loss of RCS inventory aspects of this A00 are considered as part of
the Small Break Loss of Coolant Accident.

-12-
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' 15.6.5, Ioss of Coolant Accident (LOCA)

The Technical Specification requirements for the Energency Core Cooling,

System (ECCS) equipment important to the mitigation of a LOCA are the same
for 3-loop operation as for 4-loop operation. Certain automatic safety,

j systems and equipment are blocked or not required to be operable to
preclude unwanted actuation of the systems or equipment during normal4

shutdown and startup conditions. The Technical Specifications do not
require that all of the equipment which is available for Modes 1 and 2 also,

i be available for Modes 3 and 4.

During startup or shutdown of Millstone Unit No. 3, the ECCS equipment
described below is locked out or not required to be operable. Only

;

j shutdown is discussed since shutdown would be more limiting than startup
due to the higher decay heat level following reactor shutdown.

In p e 3 operation, the reactor coolant temperature.is between 557 F and
350 F, and the reactor coolant pressure ranges from the 2235 psig nomal
operating pressure to 250-300 psig. During the reactor coolant system
(RCS) cooldown and depressurization, the operator is instructed to manually
block the automatic safety injection (SI) actuation circuit at the F-11
setpoint of 1985 psig. This action disarms the SI signal from the
pressurizer pressure transmitters to prevent automatic SI initiation on low ;

pressurizer pressure when the RCS is depressurized below the SI setpoint.
The containment high pressure SI. signal remains armed and will

' automatically actuate SI if the containment Hi-1 pressure netpoint (3 psis)
,

is exceeded. Manual SI actuation is also available. When the RCS pressure
is reduced to 1000 psig, the operator closes and locks out the ECCS!

j accumulator discharge isolation valves to prevent accumulator discharge
; when the RCS pressure is reduced below the accumulator pressure. The

Technical Specifications require that two complete ECCS subsystems be
available for Mode 3 as well as for Modes 1 and 2. Each ECCS subsystem
consists of one centrifugal charging pump, one SI pump, one RHR pmp, one,

i RHR heat exchanger, one containment recirculation pmp, and one containment
recirculation heat exchanger. Each ECCS subsystem also includes an
operable flow path capable of taking suction from the RWST on an SI signal,
and capable of being manually realigned to transfer suction to the

,

i containment s mp during the recirculation phase of operation. For
Millstone Unit 3, the RHR pumps are not used for the recirculation phase of
operation. For long tem cooling, the containment recirculation pumps take;

; suction from the containment sump and deliver to the suction of the
charging and SI p mps.

:

4

l

i

i I
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In p 3 4 operation, th3 reactor. coolant temperature rangts from 350 F to
200 F and the r: actor coolant pressura is normally below 450 psig.$

,

Manual SI actuation is available. Since the SI accmulators arg locked outj.
at.1000 psig,.they would not be available in Mode 4. Below 350 F,'thee
Technical Specifications require one centrifugal charging pump, one RHR
p e p, one RHR heat exchanger, one containment recirculation p a p and one

i containment recirculation heat exchanger to be operable, with the remaining
ECCS peps locked out. An operable flow path capable of taking suction
fra the WST upon manual realignment and transferring suction to the
containment sump during the recirculation phase of operation is also
required. The RHR pumps are also used for decay heat removal in Mode 4 and.a

'.
.can be operating in the RHR mode with suction from the RCS hot legs. In
addition to manual SI actuation in Mode 4, manual realignment of the

2 suction of the RHR p e ps to the WST may also be required.
i

| A discussion of the significance of the above actions and conditions on the
mitigation of a LOCA during Mode -3 and Mode 4 operation follows. The4

.

required operator actions and equipment are the same for both 4-loop and
| 3-loop operation in these modes. Below 1985 psig in Mode 3, the
; containment Hi-1 pressure signal is the only signal available for automatic

SI initiation. Although the containment Hi-1 setpoint may be reached for'

some LOCAs, it is not expected that the setpoint will be reached for thi;

; complete range of break sizes and RCS temperatures which may be encountered
: in Mode 3 If the containment Hi-1 setpoint is not reached following a
j LOCA, manual SI actuation will be required. In addition,.the accumulators
i will not be available for injection at RCS pressures below 1000 psig. The
i ECCS pumps will provide adequate SI flow without the accmulators for a -
' LOCA during Mode 3, because of the reduced initial core power, fuel rod

temperatures and decay heat levels in Mode 3 as campared to full power
' operation in Mode 1.
!

| For a LOCA in Mode 4, operator action will be required to manually actuate
. SI. In addition, operator action will be required to align the suction of -

the operable RHR pumps to the WST. If the RHR peps are operating in the'

RHR cooling mode, the RHR peps will be tripped before significant voiding4

i occurs in the hot legs to protect the pumps from damage. This will ensure
that the RHR peps are available for SI when suction is realigned to the,

WST. After realignment of- the suction paths to the WST and starting of;

j the available ECCS pumps, additional action can be taken to restore the
remaining ECCS pumps and accumulators to operable status, as necessary.- As<

; noted previously, long term cooling is accomplished by using the
! containment recirculation pmps which take suction from the sump and
j deliver to the suction of the charging and SI pumps.
i

During the RCS cooldown and depressurization during Mode 3 and Mode 4, the
4 operator will be monitoring the pressurizer pressure, pressurizer level and
j RCS temperatures per the normal cooldown procedure. .The operator would
4 readily detect the occurrence of a LOCA due to a decrease in pressurizer
j pressure and level. In addition, other indications which would be

1

i ,

|
- i

$ I
i
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available to the operator which ara indicativa of a LOCA include an
increase in containment pressura, containment dtwpoint, radiation alarms'

'

inside containment, and an increase in containment sump water level. It is
'

expected that these indications will alert the operator to a LOCA so that
he can perform any required manual actions. It is expected that the
operators can complete the manual actions to actuate SI, align the flow
path from the RWST and restore SI equipment to operable status as required
during Mode 3 and Mode 4 such that the level of protection for a LOCA in
Modes 3 and 4 will be equivalent to that in Modes 1 and 2.

CONCLUSION

Protection is available, in all suboritical modes, with and without an
isolated reactor coolant loop, for all applicable A00s and pad

level which is judged to be consistent with Modes 1to a
and 2, considering the potential consequences, of each A00 and PA.
Protection requirements and protection system availability are reduced
as Mode 6 is approached. Many components and systems, in which
transient-initiating failures are postulated to occur, are removed from
service as the RCS temperature and pressure are reduced. This permits
the disarming of protection systems when they are no longer required.
Based upon engineering judgment, adequate protection would be
available, either by automatic means or by operator action, to a level
that is consistent with the protection available in Modes 1
and 2, anc with the consequential reduction in protective function
requirements, as Modes are reduced below Mode 2.

.
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