YANKEE ATOMIC ELECTRIC COMPANY Tohwlume 417° W2-0100

2.C.2.1

| ““Li' 3 1671 Worcester Rood, Framinghom, Massachusetts 01701 FYR 81-95
Y e

June 30, 1981

United States Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Division of Licensing
Mr. Deinis M. Crutchfield, Chief
Operating Reactors Branch #5

References: (a) License No. DPR-3 (Docket No. 50-29)
(b) YAEC Letter to USNRC, dated February 27, 1981, FYR 81-34

Sub ject: Systematic Evaluation Program Topic Assessments
Dear Sir:
Enclosed please find our assessments of the following tonics:

I1-2.C. Atmospheric Tranmsport and Diffusion Characteristics for Accident
Analysis

I1I-4.D Site Proximity Missiles (Including Aircraft)
VI-7.A.3 ECCS Actuation System

VI-10.A. Testing of Reactor Trip System and Engineered Safety Features
Including Response Time Testing

Xv-2 Spectrum of Steam System Piping Failures Inside and Outside of
Containment (PWR)

Xv-3 Loss of External Load, Turbine Trip. Loss of Condenser Vacuum,
Closure of Main Steam Isolation Valve (BWR), and Steam Pressure
Regulatory Failure (Closed)

XvV-5 Loss of Feedwater

Xv-7 Reactor Coolant Pump Rotor Seizure and Reactor Coolant Pump
Sha ft Break

Xv-9 Startup of an Inactive Loop or Recirculation Loop at an

Incorrect Temperature

Xv-10 Chemical and Volume Control System Mal function that Results in a
Decrease in the Boron Concentratin in the Reactor Coolant (P¥7)

Xv-12 Spectrum of Rod Ejection Accidents (PWR)
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U. S. Nuclear Regulatory Commission June 30, 1981
Attention: Mr. Demnis M. Crutchfield, Chief Page 2

XvV-14 Inadvertent Operation of ECCS and Chemical and Volume Control
System Malfunction that Increases Reactor Coolant Inventory
Xv-15 Inadvertent Opening of a PWR Pressurizer Safety Relief Valve

We trust that you find this information satisfactory. However, if you have
any questions, please contact us.

Very truly yours,

YANKEE ATOMIC ELECTRIC COMPANY
G. »(/m/

J. A. Kay

Senior Engineer - Licensing

JAK :dad
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YANKEE NUCLEAR POWER STATION

Topic I11-2.C: Atmospher!. Transport and Diffusion Characteristics for

Accident Analysis

The objective of this review is to determine the appropriate on-site and
near-site atmospheric transport and diffusion characteristics necessary to
establish conformance with the 10CFR Part 100 Guidelines. In particular, the
short-term relative ground-level air concentrations (CHI/Q) are used to

estimate offsite exposures resulting from postulated accidents.

Short-term CHI/Q values for a ground-level release have been computed for
various time intervals at the exclusion area boundary (EAB), a circle with a
radius of 3,100 feet, and the outer boundary of the low pepulation zone (LPZ),
an approximately S-shared boundary reflecting the fact that releases from the
plant under certain meteorological conditions will remain within the valley
(Topic I1I-1.B). Meteorological data collected onsite from January 1, 1980

through December 31, 1980 were used in the analysis.

Estimates of effluent plume dispersion and transport are complicated by the
plant's location in the Deerfield River Valley whose sides rise over 800 feet
above plant grade. There is evidence that the 32-foot wind sensors are often
affected by localized nocturnal dralnage winds flowing down the east slope of
the river valley, thus biasing the lower level wind rose frequencies toward
the east. As such, the 196-foot wind direction values were used to determine

whether the wind flow for any given hour followed the valley or .s



ecross-valley. The 32-foot wind speed values were used in the analysis.

Vertical atmospheric stability was determined from the vertical temperature
gradient between the 32-foot and 196-foot levels. Horizontal atmospheric
stability was defined by fluctuations of the 196-foot horizontal wind
direction (sigma theta) when winds were greater than 1.5 mps (3.3 mph) and by
the vertical temperature gradient between the 32-foot and 196-foot levels when

the wind speed was less than 1.5 mps.

Hourly CHI/Q values were calculated using a modified Gaussian dispersion model
outline below. In order to account for the valley terrain at the site,
dilution factors were calculated using a 10-sector downwind wind rose for both
the EAB and LPZ. For all winds from the S clockwise through WSW cardina}.uind
direction sectors, it was assumed that effluents would remain in the valley.
As such, winds from these four cardinal direction sectors were assumed to
affect one 'upstream' downwind sector. Likewise, winds from the N clockwise
through ENE cardinal wina direction sectors were also assumed to remain in the
valley and affect one 'downstream' downwind sector. Winds from the other
eight cardinal wind direction sectors, W clockwise through NNW and E through
SSE, were assumed to be cross-valley flows which affected the E through SSE

and W through NNW downwind sectors, respectively.

Tife procedure for deternining the dilution factors for the d.sign basis
accident evaluation reflects variations in atmospheric dispersion that occur
as a function of wind direction frequencies and downwind rece;*cr distances.
Dilution facto~s were computed for each sequential hour of measured

meteorologi.al data and for receptors positioned in each of the ten downwind
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sectors. These hourly CHI/Q values were calculated using a modification of
the Gaussian dispersion model ou  ned in Regulatory Guide 1.145. Plume
éenterline values were used to deteru.ne the short-term dilution factors (up
through 8 hours) and sectc . .rage values were used for the longe. term
dilution factors. The dispersicn model for the plume centerline CHI/Q values

considered the following effects:

Plume horizontal and vertical standard deviations were adjusted to

account for building wake effects.

Lateral plume meander was allowed during periods of low wind speed

and neutral and stable atmospheric conditions.

3) Lateral dispersion in the upstream and downstream downwind sectors
was limited by the valley walls and included an increase in

concentration due to multiple eddy reflections from the valley walls.

In addition, the sector width used to determine the hourly sector average
CHI/Q values for the upstream and downstream downwind sectors was ad justed to

account for the limited lateral dispersion potential due to the valley walls.

ﬁiing the hourly CHI/Q values calculated as described above, average CHI/Q
values for each downwiné sector were then determined for successive
overlapping time intervals of 1, 2, 8, 24, 96 and 720 hours corresponding to
time periods of 0 to 1 hour, 1 to 2 hours, 0 to 8 hours, 8 to 24 hours, 1ty M

days and 4 to 30 days, respectively. For each selected downwind sector and
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interval size, the averaging j.ocess began with the first hourly dilution
value on record and was then repeated for the same interval size starting with
each subsequent hour of dispersion data. 'n the averaging proc;as. the only
non-zero values within u given time interval which were considered in
evaluating the average dilution factor for the interval were those hours
during which the wind was blowing inic the downwind sector of interest. The
averaged CHI/Q values were then classified into groups as a function of
interval size and downwind sector, and corresponding cumulative frequency
distributions of non-zero values tor each group were prepa;ed. The CHI/Q
value which was exceeded 0.5% of the total time was then determined from each

group, and the maximum 0.5% downwind sector value from each time interval was

chosen as the design-basis CHI/Q valu for that time interval.

The following CHI/Q values were determined using the above model for an

assumed ground level release for the various accident time intervals at the

EAB and LPZ:
Time Period Distance & Direction CHI/Q (sec/m3)
0 - 1 hours EAB (3100 feet upstream) 2.84 x 104
1 - 2 hours EAB (3100 feet downstream) 2.27 x 10"f
0 - 8 hours LPZ (2 miles upstream) 2.84 x 10-?
8 - 24 hours LPZ (6 miles downstream) 1.92 x 1072
24 - 96 hours LPZ (6 miles downstream) 1.62 x 10=2
96 - 720 hours LPZ (6 miles downstream) 1.04 x 10~2
»
:
We conclude that the dilution factors listed in the table above are

appropriate for estimating off-site exposures resulting from pdstulated

accidents, and that this evaluation meets the intent of current licensing

practice.



YANKEE NUCLEAR POWER STATION

Topic III-4.D: Site Proximity Missiles (Including Aircraft)

- -

The safety objective of this section is to assure that the Yankee Rowe nuclear
power station is adequately protected and can be operated within an acceptable
degree of safety with respect to site proximity m . ssiles. The review was
conducted in accordance with the guidance given in the USNRC Standard Review

lan's (SKP), sections 2.2.3, 3.5.1.5, and 3.5.1.6.

The scope of possible hazardous activities on the vicinity of the Yankee Rowe
plant has been discussed in SEP Topic II-1.C, "Potential Hazards Du» to Nearby
Industrial, Transportation, Institutional and Military Facilities." As
indicated, there is minimal industrial activity in the plant vicirity. The
separation distance and valley terrain between the plant and any industrial
facilities, highways, railroads, gas pipelines, or military facilities is such
that the risk associated with potential missiles from these concerns are well

within the SRP 2.2.3 guidelines.

In addition to the review of fixed facilities and ground transportation routes
in the site area, the potential of aircraft accident generated missiles has
also been evaluated in detail. The methodology employed in this analysis is

the same as that outlined in SRP 3.5.1.6.

>
.

There are four airports within thirty miles of Yankee Puwe: 1) Harriman-and
west (Nor:h Adams), 2) Bennington State, 3) Pittsfield, and 4) Turners Falls.
Each can be described in general as being small airports typically handling

light, single-engine, private aircraft. The loca .ion and description of each



airport, along with an estimate of the number of annual operations (take-offs

and landings). is contained on FAA Forms % .0-1 in Appendix A.

Table 1 summarizes each airport's annual operations. As shown, none of the
airports are within ten miles of Yankee, and all of the airport's reported
annual operations are well within the 1,000 times distance squared criteria of
SRP 3.5.1.6 which, if exceeded, would indicate the possible need for further

analysis of aircraft from these airports effecting plant operations.

TABLE 1

Distance (d) Annual Number

Statute Miles ;999_5_92 of Operations
North Adams 12.0 144000 32500
Bennington 19.0 361000 10950 (a)
Pittsfield 28.0 788504 50000
Turners Falls 22.0 484000 34873

(a) Annual operation information obtained directly from Bennington Airport
Manager, April 1, 1981.
In addition to the above noted airports, there are two federal airways, V2-14
and J16-94, which could bring aircraft near the plant site. V2-14 is used by
aireraft below 18,000 feet, whereas J16-94 is used by aircraft at altitudes of
18,000 feet and above. Both airways have a total width of 8 nautical miles
(9.2 statute miles); i.e. 4 nautical miles each side of centerline. Yankee is
%ocated approximately 2.5 nauticzl miles north of the V2-16 centerline, and 5
nautical miles north of the J16-94 centerline. In estimating the annual

number of a.rcraft that may pass near the site due to these airways, a count

-2-




was made of the IFR traffic on both these airways for the "peak traffic day"
of 1980 (August 22). Federal Aviation Administration radar records associated
with these corridors indicate a total of 155 aircraft could have flown near
.tho plant site during the peak day. Based upon the peak day traffic, an
annual estimate of 56,575 aircraft passing near the site was calculated.
Employing the analytical model given in SRP 3.5.1.6, it is calculated on a
conservative basis that the overall probability of an aircraft associated with
these air corridors striking the plant is approximately 1.4 x 10'7 per

year. This is an acceptable level of risk in accordance with the acceptance

criteria of SRP 2.2.3.

In calculating the risk probability, an effective plant area of 0.0075 square
miles was used. This was determined by assuming an aircraft crash angle of 30
degrees relative to the principal plant structures, including non-safety
related buildings attached to the plant. Since Yankee Rowe is located in a
valley, the crash angle was based on the kinds of aircraft identified within
the V2-14 and J16-94 airways, and the width of the valley and height of the
mountains surrounding the plant. An inflight crash rate of 3 x 10'9 per
aircraft mile was used in the calculation (SRP 3.5.1.6). No information was
identitied from the FAA on future growth of traffic in these corridors.

7

However, since the calculated probability of 1.4 x 10" conservatively

assumes that a single day peak traffic load in the corridors is maintained
throughout the year, any future real growth in aircraft activities in these
’
’

corridors over the remainder of plant life would not be expected to change

significantly the calculated risk factor.



W conclude that the risk of missile impacts (including aircraft) on the

Yankee Rowe plant from offsite sources is acceptably low within the criteria

of SRP 2.2.3.

T
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YANKEE NUCLEAR POWER STATION

Topic VI - 10.A: Testing of Reactor Trip System and Engineered Safety
Features, Including Response Time Testing

.

Topic VI - 7.A.3: ECCS Actuation

I. Introduction

The goal of this assessment is to show that the Reactor Trip System and
Engineered Safety Features test programs demonstrate a high degree of
availability of the systems and that the response times assumed in the
accident analysis are within the design specifications.

This assessment addresses Topics VI-10.A and VI-7.A.3 in one evaluation
report since ECCS actuation is an integral part of the Engineered Safety
Features System.

This report reviews the plant design to determine if all RTS and ESF
components are included in the component and system tests, if the
frequency and scope of the periodic testing is adequate, and if the test
program meets the requirements of the following review criteria:

(a) General Design Criteria 21 - Protection syestem reliability and
testability

(b) General Design Criteria 37 - Testing of emergency core cooling system

(¢) Regulatory Guide 1.22 - Periodic testing of protection system
actuation functions.

(d) Regulatory Guide 1.118 - Periodic testing of electric power and
protection systems.

(e) Regulatory Guide 1.105 - Instrument setpoint

(f) Branch Technical Position ICSB 24 - Testing of Reactor Trip System
and Engineered Safety Feature Actuation Zystem Sensor response times.

(g) Branch Technical Position 105 <5 - Guidance for Interpretation of
General Design Criterica 37 for testing and operability of the ECCS
as a whole.

(h) Standard Review Plan Section p 5% |
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In addition to those items required by the review criteria, the following
will also be verified:

(a)

»)

(c)

(d4)

(e)

(f)
(g)

(h)

That test conditions come as close as possible to the actual
performance required by RTS and ESF.

That compliance with the single failure criterion durin;'tecting is
met.

That the results of the licensee response time testing data for the
RTS and ESF are within the delay times used in the FHSR accident
analysis.

That tests can be made to ensure the readiness or operability of
gsystem components.

That the "Auto” mode of actuation does not inhibit the "Manual” mode
of actuatfon, and vice-versa.

That the power supplies satisfy the single-failure criteria.

That the overlapping tests indeed overlap from one test segment to
another.

That equipment calibrations are adequate.

Testing of RTS and ESF at Ya.kee

1.

Reactor Trip System - General Description

The Reactor Trip System automatically trips the reactor to protect
against Reactor Coolant System damage and fuel rod cladding damage.

Two reactor trip breakers are provided to interrupt power to the
control rod drive mechanisms, which are powered by Battery #2.

These broakers are opened upon de-energizing the scram relays (which
allow the bhreaker trip coils to operate) or by directly energizing
the breaker trip coils.

The reactor shutdown function of the rods is coupleteiy independent
of the normal control functions once power to the rods is
interrupted. Response to any rod control signal is then impossible
until the breakers are manua.ily reclosed.

Power to the analog circuits is provided by the vital bus, which is
fed by a dc-ac motor generator set. The dc motor is powered from
station battery #1. Backup power to the vital bus is provided by
manual action from a 480V station service bus section through a
4R0/120 volt transformer. Loss of vital bus power causes a reactor
trip.

The scram breakers are tripped when the following trip actuation
signals are received:



(a)

(b)

(c)

(d)

(e)

(1)
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Manusal

A manual reactor trip allows the operators to trip the
reactor. The manual actuatfon devices are independent of the
automatic reactor trip circuitry and operate directly on the
scram breaker trip coils.

Main Steam Line Isolation Trip

This trip is generated upon occurrence of one or more of the
following situations and protects the reactor against excessive
voids and resultant high fuel temperature.

(1) High main coolant system pressure

(2) Low main coolant system pressure

(3) Low main steam line pressure -

(4) Containment isolation system actuation (high vapor
container pressure only)

(5) Manual initiation

Low steam generator level

This tri, is generated when a low level signal is received from
any two of the steam generators (when above 15 MWe) and
protects the reactor from a loss of heat sink.

High Pressurizer Level

This trip is generated on a high water level signal from the
pressurizer and is indicative of system overpressure.

Low Main Coolant Flow (Steam Generator/Ap)

Thie trip is generated on low differential pressure in any two
of tour steam generators (above 15 MWe) and is indicative of
low main coolant flow.

High intermediate range neutron flux start-up rate

This circuit trips the reactor when one of the two intermediate
range channels reads above the trip setpoint (below 15 MWe) .
The intermediate range start-up range channels are separate
from the intermediate range power range channels. This trip is
generated to protect the reactor against transients caused by
excessive start-up rates.



Page 4 of B

(g) High neutron flux level

This circuit trips the reactor when neutron flux levels within
the intermediate range power range or power range exceed the
trip setpoint. This trip protects the reactor against
transients caused by excessive reaction rates. -

(h) Turbine stop valve closure (Turbine Trip)

This trip occurs when one of the following signals has been
received by the Turbine Stop Valve, and is designed to protect
the turbine from being damaged:

(1) Any of the turbine protective trip conditions
(2) Manual Turbine Trip

(i) Low main coolant flow (MC pump current)

This trip is generated by a low or high current level in any 2
of & main coolant pump motors (above 15 MWe) ani anticipates
low main coolant flow.

Reactor Trip System - Testing

Provisions are made to manually place the output of the bistables or
trip relays in a tripped condition for “at power” testing of all
portions of each trip circuit, with the exception of the High
Pressurizer Water Level, Turbine Trip, and Main Coolant Low Flow

(SG ap) trip units.

Provision is made for the insertion of a test sigral in each
channel. Verification of the test signal is made at specified
points within the circuit in accordance with the appropriate
surveillance procedure. This allows for testing and calibration of
meters and bistables; t ansmirters and sensors are checked out
against each other and against specified read-out equipuent during
normal power operation with the exception of the High Pressurizer
Water Level, Turbine Trip, and Main Coolant Low Flow (SGAp) trip
units. In accordance with Technical Specifications, the High
Pressurizer Water Level and Main Coolant Low Flow (SGAp) functional
tests zre performed when shutdcwn longer than 24 hours if they have
not been performed in the previous 31 days. The Turbine Trip
functioral test is performed prior to each start-up.

Each reactor trip system channel is checked by one or more of the
following means:

(a) Varying the monitored variable
(b) Introducing and varying a substitute transmittsr signal

(¢) Cross-checking between {dentical channels or between channels
which bear a known relationship to each other and have readouts
available.
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The means for manually bypassing channels or protective runctions
are administratively controlled, and access to all trip rettings,
module calibration settings, test points and signal injection points
are controlled by keylock or administrative controls.

Engineered Safety Features - General Description

Engineered Safety Features are provided at the facility to mitigate
the conse “uences of any design basis accident. ESF's have been
designed to cope with any reactor coolant pipe break and with any
steam or feedwater line break.

ESF's at Yankee are comprised of the following systems:

(a) Safety Injection System (ECLS)

(b) Recirculation System (ECCS)

(¢) Contzimment Isolation System

A.

Safety Injection System

Emergency core cooling is provided by the SIS which constitutes
the Emergency Core Cooling System. The function of the SIS is
to provide sufficient bo.uted water to the reactor vessel to
prevent core damage that would interfere with continued core
cooling and to limit clad metal to water reactions to
negligible amourts in the unlikely event of a major
loss-of-coolant accident. In conjunction with the
Recirculation System, the SIS provides for a constant and
unobstructed :law of coolant to the reactor vessel.

SIS consiste of the following:

(a) Three pumping trains, each coumnosed of one low pressure
safety injection pump and one high pressure safety
injection pump.

(b) An accumulator filled with borated water.

(¢) High pressure nitrogen storage flasks to pressurize the
accumulator.

(d) A reserve of borated water in the safety injection tank.

A failure of the reactor coolan_  system boundary and its
attendant loss of coolant results in a system depressurization
and the initiation of a safety injection actuation signal
(SIAS) as the pressure drops within the main coolant system or
as the pressure increases within containment.
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Recirculation System

The recirculation system is designed to provide long-term decay
heat removal from the reactor core by recirculating cooled
wvater collected in the vapor container sump back to the reactor
vessel. The system is sized to provide sufficient flow to
remove reactor decay heat. The vapor container fuactions as a
passive decay heat exchanger transferring decay heat of the
spilled water and vapor to the outside atmosphere through the
steel shell of the vapor container. The system utilizes valves
and piping, the LPSI and HPSI pumps, and other portions of the
safety injection system.

A suction is taken from the vapor container through the sump
strainer to either the low pressure or high pressure safety

injection pumps. Recirculation flow returns to each loop of
the reactor coolant system throuzh the high pressure safety

injection discharge piping. -

Hot leg injection flow is from the high pressure safety
injection discharge header and into the normal charging line
which is connected to the hot leg of loop #4.

Flow elements are provided in each of the injection legs with
readout in the contrsl room to verify the continuation of
flow. The pumps and valves are operated from the control room
by the operator.

Containment Isolation System

Containment isoiation is initiated automatically when a safety
injection signal (non-essential valves only), a CIAS signal, or
a manual signal is received by 'ne of the two CIS logic trains.

Normally, open valves on each outgoing line used for the
operation of the plant are closed upon actuation of CIS with
the exception of those valves which perform safeguard
functions. Incoming lines are isolated by two check valves on
each line, one inside containment and one outside containment.
The con*ainment isolation actuacion signal is provided by one
of two identical pressure sensors. When either switch senses
high containment pressure, the switch contact closes to
energize a master trip relay which in turn energizes a pair of
lockout relays which trip the isolation valves. No manual
cutout is provided in the initiation circuit, and the integrity
of each master trip relay coil is continuously monitored by an
{ndication light next to each manual actuating switch.
Provisions are made to manually bypass the actuation signal to
each individual valve should the situation warrant such action.
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Engineered Safety Features - Testing

A. The Safety Injectior System is tested at each reactor refueling
interval when main coolant pressure is less thar 1000 psig. A
pressure is applied to the proper side of the actuating
pressure switches which initiates actuation of the system (with
the exception of the accumulator). Once per 31 days when not
shutdown, each pump, pressure switch, and active valve in the
system is tested on a staggered test basis to ensure that it
performs in accordance with technical specifications. This
test program demonstrates cperability of both the SIS and the
Recirculaticn System.

Operability of the accumulator is based on:
(a) Verifying borated water level and concentration
(b) Verifying nitrogen supply bottle pressures

(¢) Verifying isolation and relief valves position and/or
operability

B. The Recirculation System valves and motors are tested in the
same manner as those in the Safety Injec.ion System as per
Technical Specifications.

C. Containment Isolation System testing is performed during cold
shutdown when the main coolant pressure is less than 300 psig.
/ A pressure is applied to each sensor which initiates the
svstem, and measurements are taken to ensure that each valve
operates in accordance with Technical Specifications.

I1I. Evaluation and Conrlusion

The Yankee test programs for the Reactor Trip System and Engineered
Safety Features are in conformance with the review criteria listed in
Section I of this assessment with the following exceptions:

(1)

1EEE Std. 279 requires a capability for testing reactor protection
system functions during reactor operation. The Turbine Trip, High
Pressurizer Water Level, and Low Main Coolant Flow (SG A p) trip
units are not testable during reactor operations. These trip units
are normally tested in accordance with Technical Specifications (see
Section II1.2). It should be noted that the High Pressurizer Water
Level and Low Main Coolant Flow (SG/A p) trips are backup trips to
the High Main Coolant System Pressure trip portion of the Main
Steamline Isolation trip and the Low Main Coolant Flow (MC pump
current) trip.



(2)

(3)

(4)
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Periodic tests for verification of system response times of reactor
trip systems and engineered safety feature actuation systems are not
performed at Yankee Rowe. Branch Technical Position EICSB 24
requires such periodic response time verification. Periodic tests
for functional channel operability are performed in accordance with
Technical Specifications. For those portions of trip systems that
require a measured response time, response time tests are performed
in accordance with Technical Specifications.

Bypass and/or test annunciatior is not provided for some of the RTS
functions and ESF functions. I1EEE Std. 279, section 4.13, requires
continuous control room indication when any part of a protection
system has been deliberately rendered inoperative. A system bypass
or test is administratively covered in procedures and includes
concurrence of the control room operator and Shift Supervisor.

General Design Criteria 37 requires that testing of emergency core
cooling systems adequately determine the proper functioning of the
full operational sequence that brings the system into operation.

Yankee surveillance procedures require periodic testing of the
individual components and subsystems of the Safety Injection System
to assure proper functioning. These procedures, however, do not
require the full nitrogen pressurization of the Safety Injection
accumulator and the injection line leading to the loop injection
point. These procedures adequately determine the proper
functioning of the equipment required for the full operational
sequence that brings the ECCS into operation.



YANKEE NUCLEAR POWER STATION

I. Topic XV-2: Spectrum of Steam System Piping Failures Inside and Outside

of Containment (PWR)

I.A Introduction

A steamline break results in an increase in the flow of steam from
one or more steam generators. The main steam system conducts steam from
each of four steam generators to the turbine throttle valves. Steam leaves
each uof the steam generators through a l4-inch schedule 80 carbon steel
pipe, which connects to a 24-inch main steam header. The-flou is then

directed via two 18-inch schedule 60 pipes to the turbine throttle valves.

Each of the main steamlines is protected by three safety valves
with relief capacities and setpoints of 80,872 1b/hr at 935 psig, 118,260
1b/hr at 985 psig, and 573,329 1b/hr at 1035 psig. A non-return valve is
located outside the vapor container in each steamline before the lines join

to form the main steam header.

The non-return valves (NRV) were not originally designed for
automatic closure. Thus, a break in any steamline that occurred on the
turbine-side of the NRV's could result in blowdown from all four steam
generators. During the Core XV refueling outage, however, each NRV was
equipped with a stored energy actuator to provide for automatic closure

within 3-5 seconds. In addition, each main steamline was equipped with
»

'thtee redundant pressure sensors to provide a signal to: (1) close all
NRV's, (2) trip the reactor, and (3) {solate containment upon a8 2 out of

3 coincidence of low pressure signals for any single main steamline. This



design modification will prevent the .lowdown of the remaining steam
generators subsequent to automatic NRV closure and limit the primary plant
cooldown transient to the equivalent of the inventory of a single steam
generator. The same 2 out of 3 coincidence of low main steamline pressures
will generate a newly-added permissive signal to trip the main condensate
pumps. Thus, for steamline breaks inside containment, a high vapor container
pressure signal will result in reactor trip, NRV closure, containment
isolation, and main condensate pump trip. A description of this desiga
modification was provided to the NRC in Attachment B of Reference I.l.

In either case, an autcmatic trip of the main feedwater pumps occurs at

power levels in excess of 15 MWe (Section I.B).

Prior to Core XV operation, safety analyses of the consequences
of a main steamline break reflected the absence of automatic NRV closure.
Typically, two separate types of steamline break analysis were performed:
(1) a single steam generator blowdown inside the vapor container (break
location upstream of NRV), (2) a four steam generator blowdown outside the
vapor container (break location downstream of NRV). Reference 1.2 (response
to NRC IE Bulletin 80-04) discusses main steamline ruptures, feocusing on
the effects of feedwater system operation. Steam generator blowdowns both
inside and outside the vapor container were considered; reactor plant
performance and containment pressure response were also discussed. A
subsequent letter to the NRC, Reference 1.3, more specifically addressed
the issue of environmental qualification of safety-related electrical
?quipnent during a single steam generator blowdown inside the vapor
container. Attachment D of Reference 1, t“e Core XV Performance Analysis

Report, presents the analysis of a four steam generator blowdown to outside



the vapor container. The objective of the analysis was to confirm that
sufficient shutdown margin is required by the Technical Specifications to
prevent the cooldown transient imposed on the reactor core following scram

from causing a recurrence of criticality, which would raise operational

concerns during the conduct of emergency recovery procedures.

The references cited above address the major considerations of a
main steamline break, namely: (1) core thermal performance and radiolcgical
consequences of a break outside the vapor container, (2) shutdown margin
adequacy for a four steam generator blowdown outside the vapor container,
and (3) vapor container temperature and pressure response for a single steam
generator blowdown inside containment. The analyses performed have
characterized the steamline break accident in terms of the adequacy of plant
design features and reactor protection system functions. These evaluations
are discussed in the following paragraphs. The analysis of a four steam
generator blowdown outside containment is only applicable for operation
prior to the Core XV refueling outage, when automatic NRV closure was
implemented. However, the consequences of this type of steamline break
event are presented for information to show that recurrence of critlicality

1s precluded without crediting the automatic NRV closure feature, which

will prevent this cooldown transient during subsequent plant operations.

I.B Plant Response

A steamline break results in an increased rate of energy removal
ttrou the main coolant system. The amount of energy removed depends upon
the mass of secondary coolant that escapes at the break location. Thus,

the event is characterized in part by the number of steaa generators that



participate in creating the mismatch between increased energy removal via

steam production and decreased energy production by the reactor core. The
consequences of this mismatch are a main coolant system cooldown and
depressurization and a secondary system inventory reduction and steam
pressure decrease. If the break occurs inside the vapor container,
containment pressure and temperature will increase. Numerous indications
of this event are available to the operator, and numerous automatic
protection system features are provided to shut down the reactor and ensure

a safe recovery to a stable condition (see Sections I.C and I.D).

During the cooldown, total core reactivity is determined by several
competing sources. The cold leg water temperature reduction adds positive
reactivity via the moderator temperature coefficient. Inserticn of control
rods following scram and a safety injection flow of borated emergency supply
water provide sources of negative reactivity. Core thermal performance
prior to scram or safety injection 1is primarily affected by: (1) initial
core power level or margin to subcriticality (operating-mode-dependent),

(2) initial pressure and temperature of the primary and secondary coolants,
(3) duration of the core power/steam flow mismatch prior to scram (e.g.,
amount of cooldown), (4) scram delay time associated with the trip-producing
parameter, (5) power-dependent {nsertion-1limit/scram worth, (6) moderator
temperature coefficient, and (7) the break size. Core reactivity response
following scram is detcrmired by: (1) shutdown margin requirements, (2)
initiation time of safety injection flow, (3) safety injeciion water
%temperature, flow rate, and boron concentration (4) steam generator
feedwater initial flow rate, temperature, and post-trip operation. Finally,

the vapor container pressure and temperaturc response for inside breaks



the vapor container pressure and temperature response for inside breaks
1s affected by: (1) steam generator liquid and vapor mass and energy
inventories, (2) feedwater initial flowrate, temperature, and post-trip
operation, and (3) the high vaper container pressure trip-setpoint value

, that will cause NRV closure and reactor scram. The analyses to determine
reactor plant and vapor container responses to a steamline break are
performed separately, so that appropriate conservatisms may be freely applied

to result in worst-case results.

Feedwater system performance affects the consequences of any
steamline break. Two recent design modifications will reduce the severity
of this transient and enhance the cffectiveness of plant emergency
procedures. They were discussed in Reference 1.2 and include: (1) equipment
modifications made during Core XIV operation to ensure that an automatic
trip of boller feed pumps occurs followiag reactor scram at power levels
greater than 15 MWe (based upon turbine first stage nozzle pressure); and
(2) installation of automatic trip logic for the condensate pumps, based
on coincident signals for high vapor container pressure and low steamline
pressure, performed during the Core XV refueling outage. These changes
ensure that feedwater addition will be rapidly terminated subsequent to
reactor scram to minimize reactor cooldown effects and, for rupture inside
containment, to minimize the vapor container pressure and t:mperature
{ncreases. In addition, emergency procedures emphasize iso ation of
feedwater flow to the affected steam generator and selective feedwater
%ddition to steam generators that are not losing their inventories out the

break.



1.C Plant Protection

A reactor trip during a steamline break accident may result from

the following trip conditions:

(1) high neutron flux trip,

(2) low steam generator water level (>15 MWe power level),

(3) low main coolant system pressure,

(4) high vapor container pressure, Or

(5) low main steam system isolation trip logic (effective Core XV).

I.D Ev.nt Indications

Indications of a steamline break include the following:

(1) reduced steam generator pressure,

(2) reduced main coolant system pressure and temperature,

(3) abnormal steam generator level and steam flowrate indications,

(4) high containment pressure,

(5) mismatch in steam/feedwater flowrates,

(6) actuation of safety injection,
?

(7) containment isolation actuation,

(8) automatic closure of all NRV's (effective Core XV).



1.E Annlz.il

1.E.1 General Information

The maximum credible size for a main steamline break results from
a circumferentia) rupture of the 24-inch main steam header. Péllowing the
Core XV refueling outage, the automatic closure of all NRV's will prevent
the blowdown of all steam generators. Analysis has been performed, however,
for the four steam generator blowdown. It represents the most severe case,
since all four steam generators could suffer complete losses of inventory
until atmospheric pressure is reached. Thus, this break location results
in the largest cooldown transient and the largest additioﬁ of positive
reactivity. With respect to (1) concerns of acceptable core thermal
performance (see Section 1.E.2) and (2) confirmation of adequate shutdown
margin (see Section I.E.4), the four steam generator blowdown is a limiting
event if credit is not taken for automatic closure of the NRV's. The core
thermal performance is based upon analysis presented in Reference I.4, the
Core XI refueling submittal to the NRC. The most recent confirmation that
recurrence of criticality is precluded is contained in Reference 1.1, the

Core XV refueling submittal.

A rupture that occurs inside the vapor container must be located
upstream of the NRV's. These valves were originally designed to act as
reverse-flow check valves. Thus, the analysis for a steamline break inside

containment applies to a single steam generator blowdown and considers all

possible sources of mass and energy (see Section I.E.3). This analysis

was presented in Reference 1.3 for purposes of environme .tal qdalification

of safety-related electrical equipment.



I.E.2 Analysis: Core Thermal Performance Following a Main Steamline Header

Break Outrside Containment

Two initial conditions were assumed for a four steam generator
+ -
blowdown to outside the vapor container: full load and no load. The

following additional assumptions apply to predict a conservative DNB ratio:

(1) the moderator temperature coefficient was most-negative and

varied with temperature (uncertainties included);

(2) minimal full temperature reactivity feedback (uncertainties

included);

(3) minimum available scram rod worths minus allowance for most
reactive rod failing to insert (6.93%4p-full load/4.72%Ap=-no

load, consistent with technical specifications);
(4) steam-phase blowdown assumed to maximize energy removal;

(5) feedwater flow decreases to zero at 30 seconds following trip

on nuclear overpower signal; and

(6) boron concentration of safety injection water initially at 2200
ppm and boron reactivity worth of one percent LD per 147 ppm

assumed.

The plant transient response was calculated using the GEMINI-II
b4
-
computer code; the hot channel DNBR analysis was performed using the COBRA-

I1I-C computer code.

The break initiated at full power results in a high neutron flux



trip signal at approximately 4 seconds; the low-initial power case results
in this trip at 28 seconds after event initiation. Safety injection is

initiated for the full- and zero-initial power cases at 9 and 10 seconds,

respeciively, based upon a low main coolant pressure signal. The respective

peak power levels were determined to be 125 percent and 113 percent of rated

power, respectively.

A DNB analysis was made for these two cases using the Westinghouse

W-3 correlation ir the COBRA-III-C subchannel analysis code. In both cases,

the minimum DNBR exceeds 1.30 and no fuel melting is predicted.

1.E.3 Analysis: Vapor Container Pressur Response Following a Main

Steanline Break Inside Containment

Each of the four main steamlines contains an NRV located outside
the vapor container. These valves act as reverse-flow check valves and
are being provided with automatic actuators during the Core XV refueling
outage to permit automatic and rapid closure upon receipt of either a low
steamline pressure or a high vapor container pressure signal. A steamline
break that occurs inside the vapor container could result in a discharge
{nside containment of the contents of a single steam generator and the

associated main steam piping upstream of the NRV's of the remai.ing steam

generators.

Reference 1.3, provided to the NRC, described the consequences of

‘*his event with respect to vapor containment pressure and temperature

response. The analysis was performed using the RELAP4 computer code for
blowdown calculations and the CONTEMPT-LT026 code for the containment

thermodynamic response.



The most adverse initial conditions were assumed for the analysis

in Reference I.3, covering the full range of operating conditions from zero
to full power operation. The initial power level was assumed to be 112%
of 618 MWt, the maximum high neutron flux trip point, and was held constant

during the calculation until a reactor trip occurred based on high vapor
container pressure. A steam generator inventory of 31500 lbm was assumed

for conservatism, although the inventory at full power operation is actually
20000 1bm. Full feedwater system operation with all feed pumps was assumed,
with all feedwater being directed to the steam generator blowing down through
the ruptured steamline. Thus, the feedwater control valve of the affected
steam generator was assumed to open fully following the break. The feedwater
system operation was reviewed in the Reference 1.2 response to IE Bulletin
80-04. A double-ended guillotine break of the main steamline was assumed,

to maximize the blowdown rate and energy addition to containment.

In addition to the assumptions discussed in the preceding paragraph,

other initial conditions and assumptions are listed below:

1. Feedwater System Operational Mode - three boiler feed pumps

operational,
2. Break Size - double-ended guillotine (.8522 ft2),

3. RCS Main Coolant Pumps - remain active,

4. Primary Loop Heat Transfer to SC Liquid - variable heat transfer

coefficients used, but degradation in heat transfer due to

reduced area during bundle uncovering was neglected,

] e



5. SG Tube Area - the entire SGC tube area was assumed active,

6. Reactor Trip Signal - occurs 1.0 second after vapor container

high pressure signal,

7. Feedwater Termination - occurs 10.0 seconds after reactor trip

signal,
8. Flow to Turbine - zero at all times.

The RELAP4 blowdown analysis indicates a trip on high containment

pressure at 5 seconds, but for conservatism the reactor trip was delayed
until 11 seconds. This trip time includes a 1 second delay time. The
affected steam generator was emptied via blowdown at 112 seconds into the

transient

A CONTEMPT code thermodynamic analysis was then performed. The

maximum containment pressure was determined to be 31.7 psig, which is less
than the containment design pressure of 34.5 psig. This result was
transmitted togeiher with temperature response to the NRC per Reference
1.3 to confirm vapor container integrity using conservative assumptions

for a major steamline break.

On May 23. 1980, the NRC issued Memorandum and Order CLI-80-21 which
required that the DOR Guidelines and NUREG-0588 form the requirements that
must be met regarding environmental qualification of safety-related
Jelectrical equipment. In compliance with this order, Reference 1.5 presented
results of an exhaustive re-evaluation of environmental qualifications for
safety-related electrical equipment at Yankee Rowe required toyfunction

under the harsh em ironments associated with design basis acciderts.



Steamline breaks inside and outside the vapor container were reviewed in
confirming the availability of electrical equipment and instrumentation

required to bring the plant to a cold shutdown condition.

.1.E.4 Analysis: Primary System Cooldown Response and Core Reactivity

Following a Main Steamline Break

The subject of core reactivity response during the cooldown imposed
after a major steamline break was discussed in the Reference 1.2 response
to IE Bulletin B0-04. A review was performed of the potential for recurrence
of criticality following scram, which coula result if core shutdown margin
was reduced to zero during cooldown. In Reference I.2, two design
modifications were discussed that reduce the amount of cooldown during a
steamline break. These modifications, discussed in Section I.A, include
automatic tripping of the main condensate pumps on coincident signals of
high containment pressure and low steamline pressure, and ensured main feed
pump auto-trip at power levels greater than 15 MWe. These design changes
were implemented in addition to the automation of non-return valves, which
provides for main steam system isolation upon receipt of either a high

containment pressure or low steamline pressure trip signal.

The potential for a return to power exists when the primary coolant

system is rapidly cooled by increased energy removal due to the blowdown
of secondary coolant. The combined effect of all various reactivity

contributions determines whether recriticality can occur following shutdown.

Ultimately,the amount of cooldown depends upon the available secondary

coolant inventory and feedwater system performance follow ng reactor trip.

Following automation of NRV closure during the Core XV refueling outage,
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blowdown of more than one steam generator either inside or outside
containment will be prevented when credit is taken for either (1) automatic
closure of the NRV's in fulfilling their function as isolation valves, or
(2) prevention of reverse flow through the NRV's of the remaining unbroken

steamlines in fulfilling their functior as reverse flow check valves.

Analysis was performed for each reload core to determine the shutdown
margin required to prevent recurrent criticality due to a cooldown associated
with complete blowdown of all secondary coolant from each steam grnerator.
Most recently, the Core XV analysis presented in Reference I.1 indicated
that cecriticality was prevented without crediting main steam system
isolation on reactor trip on low mair steamline pressure. The Core XV
analysis is similar to the Core XIV analysis. The Core XIV analysis
demonstrated for both full power and zero power cases that if cooidown of
the primary loop to 70°F is assumed following shutdown, the core retains
sufficient shutdown margin to ensure subcriticality. This calculation
included moderator temperature defect, fuel temperature Doppler defect,
provision for the most reactive control rod stuck out, boron insertion with
safety injection, and conservative nuclear design uncertainties. Based
upon performing this calculation for Core XV, the required shutdown margin
for Mode 3 operation at hot subcritical conditions was increased from 4.72%ZAp
to 5.5240 to provide additional margin to subcriticality. The value is

reduced to 4.72% during plant cooldown as shutdown requirements lessen.
}hus, rod insertion limits are imposed to provide adequate shutdown margin
’

to preclude recriticality, even when main steam isolation is not credited

and blowdown of all four steam generators is assumed.

An evaluatiun was performed by the Westinghouse Corporation of
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reactor vessel integrity during a steamline break cooldown transient. This
analysis shows that accept=ble vessel integrity for the primary cooldown
vesulting from blowdown of the entire inventory of a single steam generator.
The winimum expected temperature for this event is 3000F, if the event is

¢+ initiated at a maximum allowable vaiue of T K = 519°F (Technical Specification
value of S'SISOP plus 4OF uncertainty). Westinghouse analysis showed that
sysiem repressurization during the cooldown was permissible to values in
excess of the pressurizer code safety setpoint of 2500 psig. 1In observance
of vessel integrity consideration, plant emergency procedures for loss of
secondary coolant currently instruct the operator to terminate safety
injection when the cold leg temperature of any loop reaches 310°F, but only
after verifying the existence of adequate subcooling and system pressure
control. However, operator termination of SI flow is not required to prevent

violation of vessel inteerity limitations during cooldown.

L
-
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YANKEE NUCLEAR POWER STATION

I1. Topic XV-3: Loss of External Load (Turbine Trip), Loss of Condenser

Vacuum, Steam Pressure Regulator Failure

II1.A Introduction

A rapid and large reduction in power demand on the reactor while
it is operating at full power results in a corresponding reduction in the
rate of heat removal from the main coolant system. Such an incident could

lead to system overpressurization if suitable protection was not provided.

The most probable cause of a rapid loss of load is a turbine trip.
Following a turbine trip, the reactor would be tripped directly (except
for power levels below 15 MWe) from a signal derived from the turbine stop
valves. The steam bypass system would accommodate the excess steam
generation. The steam bypass functions to limit the increase in main coolant

temperature and pressure for this transient.

Primarily, the turbine trip event is analyzed to evaluate the
protection provided to prevent overpressurizing the primary system. The

following design features exist to prevent primary system overpressurization:

1. Pressurizer power operated relief valve,

2. Stear dump system (steam bypass valve),

e
w
-

Pressurizer spray,

4. Main coolant loop safety valves,

5. Pressurizer safety valves,




6. Steam generator safety valves,

7. Charging volume and control system, and

' 8. Reactor protection system (reactor trip). .

The reactor protection system would scram the reactor, in the event

of a turbine trip, on a variety of signals listed below:

1. Turbine trip signal,

2. High pressurizer level trip,

3. Steam generator low level trip,

4. High main coolant system pressure (implemented during Core XV

refueling outage).

I11.C Plant Response

Both the pressurizer power-operated relief valve and the steam dump
valve are provided to prévent the spring-loaded safety valves from opening
and are not in*ended to be'_ part of the system cverpressurization
protection. In the event the steam dump valves fail to open following
complete loss of load, the steam generator safety valves may lift and the
reactor may be tripped by the high pressurizer water level signal. The
steam generator and pressurizer safety valves are sized to protect the main

*‘coolant system and steam generators against overpressure for all load losses

without assuming the operation of the steam dump system, pressurizer spray,
pressurizer power-operated relief valve, automatir rod control, or direct

reactor trip following turbine trip.

]



The steam generator safety valve capacity is sized to remove the
maximum calculated steam flow from the steam generator (105 percent of
maximum guaranteed steam flow) without exceeding 110 percent of the steam
system design pressure. The pressurizer safety valve capacity is based
on a complete loss of heat sink with the plant initially operaétng at the
maximum calculated turbine load, assuming operation of the steam generator
safety valves. The pressurizer safety valves are then able to maintain
_“e main coolant system pressure within 110 percent of design pressure

without direct or immediate reactor trip action.

In order to demonstrate that the mair _oolant system is adequately
protected from overpressurizing during a complete loss of ioad transient,
the analysis did not *ake credit for either the steam dump system oOr the
pressurizer power-operated relief valve. When credit is not taken for the
immediate turbine trip or subsequent steam generator low level signal, the

reactor is tripped by the high pressurizer level trip (or the high main

coolant loop pressure logic, effective with Core XV operation).

Loss of condenser vacuum can also result in turbine trip and
precludes use of the steam dump system. Since the steam dump is assumed
to be unavailable in the analysis of the turbine trip event, no additional
analysis is necessary to {nclude separate effects from loss of condenser
vacuum. Also, the plant design Joes not include a steam pressure regulator
so the failure of this device is not an applicable design basis event.

11I.D Analysis

The analysis of the complete loss of load, reported in Reference

11.4 for Core XI, was performed using the GEMINI-II digital computer program
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to simulate the nuclear steam supply system response. The hot channel

analysis was performed with the COBRA-III-C computer program.

The following assumptions were made:

1.

S.

-

A turbine trip occurs instantaneously without -ctiiatlng a

reactor trip;

The moderator coefficient is the least negative expected at

beginning of life for power operatiun, including calculational

uncertainties;

The beginning of life fuel temperature coefficient is increased

by 25 percent to account for calculational uncertainties;

The pressurizer control is assumed to be in the manual mode.

Thus, no credit is taken for the effect of the spray or letdown

systems in reducing the rz2te of pressure increase;

One safety valve in each steam generator is inoperative.

Results show that high level trip occurs at 20 seconds after

initiation of the incident. The pressurizer safety valves act to keep the

main coolant system pressure below 2545 psia and the operational steam

generator safety valves limit secondary pressure to 1040 psia. The minimum

DNB ratio and fuel temperatures improve during the transient.

i A bounding analysis was performed for the reference Core XI analysis

using the design value of moderator temperature coefficient at BOC. In

general, this incident is not sensitive to minor changes in core parameters.

In addition to the Core XI reference analysis, numerous parametric analyses

19~



were performed in support of the Core XIV reload submittal. These parametric

studies were requested by NRC (Reference II.1), submitted via Reference

11.2, and subsequently approved via issuance of Amendment No. 54 (Reference

I1.3) to the Facility Operating License. These sensitivity studies on
’-oderatot temperature coefficient and Doppler coefficient denogstrated the

min. ' impact of core physics parameters on the loss of load transient.

These parametric studies provided in Reference II.2 conservatively bound

Core XV core parameters, reported in Reference II.5. In addition, the high

main coolant pressure trip function implemented during the Core XV refueling

outage will reduce challenges to code safety valves for this event.

20~
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YANKEE NUCLEAR POWER STAT1ON

II1. Topic XV-5: Loss of Feedwater Flow

_III.A Introduction
.

The feedwater svstem is designed to provide a continuous flow of
water to the four steam generators during normal plant operation. A rapid
and large decrease in feedwater flow, when operating at power without a
corvesponding reduction in steam flow, would lead to a decrease in water
{uventory of the stzam generators. The main feedwater system consists of
three electric motor-driven parallel boiler feedwater pumps with a common
suction and discharge header that provide normal feedwater flow. The pumps
take suction from the condenser via three parallel condensate pumps. Flow
is controlled by four sepsrate control valves. In the event of a total
loss of main feedwater, zn emergency feedwater system is available to provide
water to the steam generators. Furthermore, the turbine trip follows reactor
trip and the steam dump system is available for decay heat and stored energy

removal.

The emergency feedwater system includes one positive-displacement
steam-driven pump with minimum capacity of 80 gpm. This pump does not rely
on electrical power and can function foilowing total loss of AC. Steam
t. drive the pump may be supplied irom either the main steam system or the

.nuxiliary oil-fired boilers. In the event of total loss of AC, natural
.ilrculation cooling would be procedurally controlled and this steam-driven

pump would provide feedwater to the steam generators. Decay heat removal

would occur via biowdown through the steam generator safety valves. The



-

steam-driven feed pump takes steam from upstream of the non-return valves
and suction from the demineralized water storage tank. A back-up system

to supply water to the steam generators in the event of failures in the
emergency feedwater system is the plant's three charging pumps with a total
capacity of approximately 100 gpm (33 gpm/pump). The system ig_connected
permanently by a spool piece that connects to the main feed line header.
The charging pumps can take suction flow from the 135,000 gallon Primary
Water Storage Tank. High Pressure Safety Injection and Low Pressure Safety
Injection pumps provide another back-up source to supply water through the
same permanently connected spool piece usel for the charging pump path.
More than 100 gpm flow is availeble firom the combination of a single high
pressure safety injection (HPSI) puvp and low pressure safety injection
(LPSI) pump, and there is a total of three HPSI pumps ard three LPSI pumps.
Upon loss of AC power, and LPSI pumps can be directly powered by the diesel

generators.

In addition to the steam-driven pump, a modification to increase
the emergency feedwater capabilities is being made during the Core XV
refueling outage. This modificacion was described to the NRC in Reference
I1I.1, Attachment C. Two motor-driven emergency feedwater pumps of >150
gpm capacity each will be installed to increase the capability and redundancy
of the emergency feedwater system, thus providing a more reliable method
of mitigating the consequences of a complete loss of main feedwater.
Additional piping will be installed to permit feedwater addition, with either
ipunp, through either the normal feedwater piping via the steam-driven
emergency pump header or through the blowdown piping via the a§ternate

emergency feedwater header. These motor-driven pumps can be started either



remotely from the control room or locally by operator action. Upon loss

of AC, one of the three on-site diesel generatcrs can be used to power either

of these motor-driven pumps. Remote indication of emergency feedwater

flowrates through the normal feedwater path will be available in the control
¢+ room. Local flow indication will be available in the combined -pump minimum-

recirculation-flow piping.

Thus, a redundant and versatile emergency feedwater system is
available, consisting of one >80 gpm steam-driven pump and two >150 gpm
motor-driven pumps. Also, the 100 gpm total charging pump capacity and
the safety injection pumps (one HPSI and one LPSI provids >100 gpm) are
available as back-up feedwater sources. Adequate emergenéy feedwater
supplies are provided from these numerous alternative sources of pumping

capacity.

III.B Plant Response

The feedwater system is designed to minimize the probability of
¢ - ~ loss of flow to the steam generators. Three boiler feed pumps
having a common suction and discharge are provided and the feedwater control

valves are designed to fail in-position on loss of air from the air
controller system. However, in addition to loss of power to the main

feedwater pumps, a complete loss of normal feedwater flow might occur from:

1. a malfunction in the feedwater regulatiig system that drives

> all the feedwater regulating valves closed;

2. a rupture located downstream of the feedwater check valves,

such as at the feedwater header; or



3. an operator error that lcads to closure of all .eedwater

regulating valves when feedwater control is in manual mode.

Feedwater flow to the steam generators would not stop instantly for any

1+ of these events, but would begin rapid coastdown when reactor trip occurs.
Primary system pressure increases with tte reduction in steam generator
inventory. Pressurizer safety valves and main ccolant loop safety valves
are available to lirit the pressure increase while core power reduction
terminates the heat addition; however, challenges to these valves are not

2xpected to occur.

III.C Plant Protection

Protection system diversity exists to provide a reactor trip signal
based upon either low steam generator level, high pressurizer water level,
or high matn coolant system pressure (implemented during Core XV refueling

outage).

II1.D Analysis

Reference II1.2 provided to the NRC an analysis of a total loss
of feedwater event from a full power operating conditions (increased 3%
to 618 MWt to include uncertainties). A step-change of the normal feedwater
flowrate to zero was assumed. The steam bypass system was conservatively
assumed to function normally after turbine trip to maximize both fluid
.gnventory loss and energy removal. No credit was assumed for pressurizer
spray effects or for letdown and cliarging system operation to reduce the

primary pressure increase. Conservative values of the moderator temperature

and fuel temperature coefficients of reactivity were assumed, in addition
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to assuming the Technical Specification minimum main coolant flow and maxi~

steam pressure during normal oprration. The maximum allowed core ialet

temperature and ncminal main coolant pressure were assumed.

No credit was taken for emergency feedwater from the >150 gpm motor-

driven feedwater pumps being installed during the Cnre XV refuéling outage.

Emergency feedwater from the steam-driven pumr at 80 gpm was delayed for

fifteen minutes. The two main coolant pumps normally powered from the
turbine generator were assumed to trip after sixty seconds. The pumps were

assumed to te restarted within ten minutes to provide additional heating

of the primary system.

Analysis of the loss of feedwater flow transient was performed using
two basic methods: 1) the GEMINI-II computer code, and 2) calculations
which considered the total conservation of mass and energy of both the

primary system and the secondary system.

The GEMINI-II computer code was used to determine the infitial

transient response of the primary and secondary system and to provide a

comparison to the pr-.ious analysis, Core XI, which was submitted to the

NRC via Reference 111.2. Primary system structural heat capacity is modeled
with GEMINI-II. Additional calculations considered the total mass and energy
of the primary and secondary systems and supplemented the GEMINI analyses

by accounting for the following parameters not modeled in GEMINI-II:

1. main coolant pump energy input to primary system,

2. steam generator secondary side structural heat capacity, and

3. ANS 5.1 decay heat (Reference II11.3).



A low steam generator level trip occurs at 18 seconds. Results
showed that primary pressure peaked at 2178 psia a* 22 seconds, followed
by rapid decrease tou 1860 psia at 60 seconds. The maximum pressure is
significantly lower than the pressurizer power operated relief valve setpoint
" of 2400 psia. The turbine throttle valve closed at 20 |econdo:;rd steam
pressure settled to the steam bypass system setpoint of 760 psig for the
duration of the transient. Prim.ry system temperature reached a maximum

of 533°F, but settled to the temperature that corresponds to the steam bypass

system setpoint, approximately 514°F. This is the plant no-load T,y value.

Steam generator inventory loss was maximized by not assuming a
reduced rate of heat transfer with decreasing water level and Ly not
crediting the availabiliry of the motor-driven emergency feedwater pumps.
Withovt accounting for heat transfer rate degradation, the miuimum inventory
was 14 percent of the initial value at 74 minutes, when {nventory recovery
occurred. This result is made more conservative since no credit was taken
for heat losses to ambient from either the primary or secondary system.
Neglecting feedwater addition from any auxiliary source, steam generator
{nventories are sufficient to delay dryout for approximately 40 to 70 minutes

when AC pcwer is available, depending upon initial conditions.

1f AC power was not available, the main conlant pumps and steam
b; pass system would not be in operation. Neglecting main coolant pump heat
sddition and limiting the steam generator blowdown to the secondary code
=oafety valves resulte in more favorable steam generator inventory retention.
Dryout times for this case are approximately 85 minutes. Thun! AC power

was assumed to be available for conservatism.
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The most recent analysis of this event used Core XV nuclear design
parameters and demonstrated the conservatism of the Reference I11.2 analysis,
which utilized Core XIV values. In conclusion, the combination of the

reastor protection system and the auxiliary feedwater system ensures the

4 =

: integrity of the core, and primary end secondary system pretouie boundaries
by (1) reactor trip on low steam generator water level, and (2) auxiliary
feedvater flow sufficient to assure adequate steam generator liquid inventory
for primary system cooldown, decay heat removal, and main coolant pump heat
removal for :ie entire course of the event. The addition of (1) the high
main coolant loop pressure instrumentation and trip logic, and (2) the two
150 gpm motor-driven auxiliary feed pumps (which may be ;perated from the
control room) during the Core XV refueling outage provides even greater

protection for this event.
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YANKEE NUCLEAR POWER STATION

IV. Topic XV-7: Reactor Coolant Pump Rotor Seizure and Reactor Coolant

Pump Shaft Break

IV.A Introduction

The main coolant pumps do not possess a large irertial mass because
they were not designed with flywheels. Thus, following loss of power to
a pump's m-tor the flow rate rapidly coasts down. Tests were conducted
in 1971 to determine the pump coastdown characteristics. Results showed
that the flowrate from a single pump, which was tripped féom normal T,
and pressure conditions, was reduced by one-half in 0.58 seconds. Loss
of pumping power from all four main coolant pumps is prevented by using
independent sources of powar for pump pairs: one pump is powered by an
incoming line and another is powered by an independent incoming powerline;
the other pair is powered from a transformer connected to the main generator
leads. The loss of two main coolant pumps during four-loop operation is
considered to be the most severe anticipated operational occurrence. Reactor
protection for t' 's event is provided by either a low main coolant flow
trip or a “.ip on high or low current to (1) two or more pumps during four-
loop operation or, (2) one or more pumps during three-loop operation.

Currently, three-loop operation is not permitted.

" Loss of flow from a single main coolant pump during four-loop
oneration, will not result in direct reactor trip based upon a high or low
pump current signal. Loss of power to all four main coolant puipl with

reactor trip, however, is a more severe event than rotor geizure or shaft



inertial mass of the pumps. This was confirmed in Reference IV.l, the
performance analysis for Core XI. The Core XI analysis showed that the
steady-state DNB rat.o during full power four-loop operation at 618 MWt
(includes 3% uncertcinty), following instantaneous loss of flow from a single
s pump without reactor trip, is greater than the minimum DNB rat@p following
complete loss of pumps, reactor trip, and flow coastdown during four-loop
operation at 618 MWt. The analysis of the complete loss of flow accident

is discusced in the next section.

IV.B Analzsis

The results of the complete loss of flow accident performed for
Core XI indicated that the DNBR ratio decreased to below 1.30 in 2.16 seconds
after pump coastdown was initiated. No credit was assumed for the coastdown
delay associated with the two pumps powered by the turbine-generator. Using
conservative heat transfer correlations, the maximum clad temperatures
remained balow 12000F. Assuming that all cladding in excess of 11000F fails,
the amount of failed fuel was estimated at less than 1.25 percent. This
analysis was approved by the NRC in Reference IV.2. The minimum DNB ratio
for three-loop steady-state operation at full rated power was 2.54 (normally,
power level during approved three-loop operation is restricted to 75% rated).
A seized-rotor or shaft-break event could not result in a more limiting
DNB ratio. A two-pump loss of the flow and reactor trip during normal three-
loop operation resulted in a minimum DNB ratio of 2.51 seconds at 1.6
':econdc. ihus, seized-rotor or shaft-break events that result in loss of
1: single pump without reactor trip are less limiting than a complete loss

of pumps with reactor trip, and the DNB ratio for these events ‘is greater

than 1.30.



A more recent analycis of the four-loop loss of pumping power
accident ~as performed for Core XV and submitted to the NRC viz Reference
IV.3. This analysis was performed using methods similar to those approved
: by Reference IV.2 for the Core XI analysis. Namely, the CHIC-iIN code was
used to determine core power and fuel pin thermal responses and the COBRA-
111-C subchannel analysis code was used to determine the hot channel thermal-
hydraulic response and minimum 'NB ratio. Results for Core XV presented
in .. ference IV.3 indicated that no fuel damage was expected following a
complete loss of pumping power during four-loop operation. Based upon the
comparison made for Core XI, a seized-rotor or shaft~breck is a less 1li7::ing

event.

The seized-rotor and shaft-break events would not result in DNB
ratios much less than 2.54 or 2.51, and are not the limiting loss of flow
event for the plant. No fuel damage is predicted; no radiological
consequences occur. If this event occurs in coincidence with a turbine
trip and loss of offsite AC power, the core would be cooled by natural
circulation using the remaining three loops. Sufficient secondary coolant
inventories exist for adequate primary-to-secondary heat transfer and

controlled cooldown.
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YANKEE NUCLEAR POWER STATION

V. Topic XV-9: Startup of an Inactive Loop (PWR)

V.A Introduction

$

1f a reactor coolant loop is isolated from the renaindér of the
primary system and subsequently opened into the system, without first
matching the boron concentration and temperature of the isolated loop to
the system, an increase in core reactivity and power may occur. Such an
{ncident could lead to loss of margin to core thermal limits unless sultable

procedures and protection are provided.

Operation of the plant with only three active loops is currently
not permitted. However, when supporting LOCA analysis for this mode is
available, three-loop operation at power levels up to 75 percent is
anticipated. Normal plant operation presently requires closed and locked
isolation valves with power removed, in bocth the hot and cold legs of the
inactive loop on the primary side and in the main steamline on the secondary
gide of the inactive loop. The Technical Specifications require a

subcritical condition of at least a 1% 40 before an isolated loop may be

placed into service.

When the plant is operating with one loop isolated from the remainder
of the primary system, the isolated loop is allowed to cool below the
temperature in the active loops. In order to bring the isolated loop back
into the system, administrative procedures have been established to prevent
a mismatch in either boron coucentrations or coolant temperatures between

the isolated and active loops. These procedures require the isolated loop
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temperature to be greater than or equal the highest cold leg temperature
of the operating loops. The boron concentration of the inactive loop must
be greater than that of the active portion of the primary system prior to

opening the loop is~lation valve and placing the loop into service.

In order to provide addition 1 protectior against the gccurrence
of a cold water incident, interlocks have been placed on the cold leg
{solation valve controls so that they cannot be opened unless the isolated
loop temperature is within 30°F of the hottest active loop cold leg
temperature. Administratively, this temperature difference is restricted
to 20°F. Furthermore, the slow-opening loop isolation valve permits gradual
mixing of the isolated loop water with water of the active loops. The loop
transit time is short compared to valve opening time, which favorably

increases mixing.

Administrative procedures for handling the startup of an isolated
loop require at each stage of the startup that the boron concentration in
the inactive loop is always greater than or equal to the concentration in
the remainder of the primary system. In order for a lower boron

concentration to exist in the isolated loop when brought into service, more

than two administrative procedures will have to be violated.

Although the occurrence of the cold water incident is considered
highly unlikely, an analysis has been performed to demonstrate that the
reactor protective system precludes fuel damage for the largest temperature
hismatch possible between the active and isolated loops. This analysis

was submitted via Reference V.1 and approved in Reference V.2.

-
-
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V.B Analzois

The following assumptions were used in the analysis:

1.

.

4.

The temperature of the borated water in the isolated loop is

68OF, the lowest value considered possible for this incident;

The moderator temperature coefficient is the most negative value

expected;

The fuel temperature coefficient is the least negative value
expected at hot, operating conditions, including calculational
uncertainties. This will result in the largest power overshoot

above the high neutron flux trip setpoint;

The initial core flow rate is 78 percent of the normal four
loop flow rate. The flow increase rosulting from the isolation
valve opening is proportional to the cross-sectional flow area

of the gate valve;

The core inlet temperature variation with time is cdetermined

from a complete mixing model.

Results show that core inlet temperature and primary pressure

decrease with time as the cold water from the isolated loop mixes with the

highe: temperature water in the reactor inlet plenum. Decreasing temperature

adds reactivity to the core, reactor power rises, and the high neutron flux

trip point is reached at 9 seconds. The minimum DNB ratio during the

transient is greater than 2.97 and peak fuel temperature does fot exceed

34850F.



More recently, this event was analyzed using Core XV nuclear design
parameters. Results were submitted to the NRC in Attachment D to Reference

Vv.3. Since the Core XV moderator temperature coefficient of reactivity

is less negative than assumed for Core XI, results for Core XI are bounding.

In conclusion, adequate margin to DNB exists for this ;ccident even
for the highest possible temperature mismatch between the aciive loops and
the isolated loop. In addition, procedural controls and the cold leg
{solation valve interlo.k minimize the probability that the event will occur.

The high neutroa finx trip provides automatic protection.
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YANKEE NUCLEAR POWER STATION

VI. Topic XV-10: Chemical and Volume Control System Malfunction That

Results in a Decrease in Boron Concentration in the Reactor Coolant

fvI.A Introduction ;

Boron concentration in the main coolant system is diluted during
normal operations to compensate for fuel depletion and changes in xenon
inventory. Strict administrative controls are exercised to limit both the

rate and amount of any change in boron concentration required for reactivity

control.

Boron dilution is accomplished according to procedure by transferring
charging pump suction from the Low Pressure Surge Tank to the demineralized
water supply. Technical Specifications prohibit dilution during any mode
of operation unless at least one reactor coolant pump or the shutdown cooling

system is in operation. The reactivity change must be <1.5(10)-44p /sec

with main coolant temperature >2>0°0F.

The demineralized water is introduced into the primary coolant using
the charging and volume control system. Normally, charging pump flow passes
through the shell side of the feed and bleed heat exchangers for warming
before entering the loop 4 hot leg. Following a loss-of-coolant accident,
direct hot leg injection would be used to prevent undesirable precipitation
of boron in the core from blocking coolant flow. Charging water can also

.

"be directed into any loop frum the low pressure safety injection header,

_which is normally isolated from the charging and volume control system.
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Dilution of boron concentration in the main coolant system or the
low pressure surge tank can be terminated by (1) isolation of the charging
system via motor-operated valves, (2) shutting off charging pumps or the
low pressure surge tank make-up pump, or (3) by isolation of the primary
make-up water system. The low pressure surge tank level indicitlon is

i

equipped with high and low alarms that could provide indications of a

possible change in boron concentration.

An inadvertent boron dilution would require multiple operator errors

and procedural violations or multiple equipment malfunctions. This could
lead to an increasing core reactivity level either from subcritical
conditions or while operating at power. Analysis of this event has been
performed for each mode of plant operation permitted by the Technical

Specifications. A evaluation was also performed of the consequence of
a failure to borate during a controlled cooldown, which could alsc cesult
in a reactivity inciease. The analysis reported below was submitted to

the NRC via Reference VI.1, the Core XV performance analysis.

VI.B Plant Protection

An automatic reactor trip would terminate any reactivity transient
due to boron dilution or failure to borate. The available trip functions
are (1) high neutron flux, (2) high startup rate, (3) high pressurizer water
level, and (4) high main coolant loop pressure (effective with Core XV
operation). In addition, a manual scram may be inserted by the operator

%ased upon many indications and alarms. Standard Review Plan 15.4.6 presents

minimum allowable time intervals for operator recognition and manual action

to avoid complete loss of shutdown margin. During startup, cold shutdown,
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hot standby, and power operation, an interval of 15 minutes is specified.
During refueling, the interval specified for recognition and prevention
i{s 30 minutes. Boron dilution at power operation is less limiting than

an inadvertent rod-withdrawal accident (Topic XV-8), for which automatic

protection is adequate.

VI.C Analysis

VI.C.1 Boron Dilution During Mode 1 (Power Operation) and Mode 2 (Startup)

The Technical Specifications currently require that all four primary
loops must be operating in these modes. However, one loop is assumed to
be isolated to introduce conservatism in the analysis. This assumption
reduces the available volume for boron d{lution from 2900 ft3 to 2400 fe3,
resulting in a higher race of reactivity change. The maximum capacity of
all three charging pumps ie assumed, 100 gpm, although it is unlikely that
all thres would be used to deliver makeup water to the primary system.
The minimum initial shutdown margin is 4.72% , which is considerably less
than normally exists during operation in Modes 1 and 2. Minimum inverse
boron worth was also assumed. Using these assumptions, the minimum time

available for operator recognition and action exceeds 45 minutes.

Should the reactor be in the automatic control mode during a boron
dilution at power, the control rod group selected as the controlling group
by the operator would insert to offset any resulting temperature change.

Even if rods move at the rate of 6 in/min, it would require 15 minutes to
"

fully insert the control group. During this time, the operator would be
-alerted by the high average temperature and high core power aldrms. In

addition, the vapor container intercom system would normally provide an
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audible indication of rod motion. These indications and alarms would alert |
the operator in sufficient tiue to termirate the dilution and restore
\

adequate shutdown margin.

5 :
. At least one loop must be in operation during Mode 3, with a minioum

of 12 A0 guberiticali*y sad >4.72% 40 ghutdown margin. The maximum charging
flowrate of 100 gpn is assumed, although feed and bleed operations are not
normal. = conducted using all charging pumps. If this occurred, four alarms
would indicate to the operator that boron dilution could be occurring.

These alarms are (1) high flux recorder alarm, (2) pressurizer high level
alarm, (3) pressurizer high pressure alarm, and (4) pressurizer surge line

low temperature alarm. In addition the bleed line radiation alarm could

cccur.

VI.C.2 Boron Dilution During Mode 3 (Hot Standby)
|
Results show that loss of shutdown margin during a boron dilution

event in Mode 3 would not occur for at least 30 minutes.

VI.C.3 Boron Dilution During Mode 4 (Hot Shutdown), Mode 5 (Cold Shutdown),

and Mode 6 (Refueling)

The shutdown cooling system may be used during operations in either
Mode 4, Mode 5, or Mode 6. Thus, the active main coolant volume excluding
could be approximately 1486 ft3. Assuming that the upper vessel hecd is
drained, the minimum volume during Mode 6 operation (refueling) could be 1276 ft3.

®rhis volume was assumed for conservatism to apply to Mode 4 and Mode 5

operation. A Technical Specification requiring 4% A0 gubcriticality and

5% A0 ghutdown margin when in Modes 4 and 5 was proposed in Reference IV.1.




T"his allows partial withdrawal of a control rod group to provide 12 Lo
reactivity worth, which is required by Technical Specification. Control
rods are not routinely withdrawn during the Mode 4 or Mode 5 operation,
however, & requirement of 4% AP guberiticality and 5% 5F shutdown margin will

allow uAD to be withdrawn.

Assuming 100 gpm charging flow and the most limiting combiiation
of coolant temperature, in‘tial boron concentration, and inverse boron worth,
more than 20 minutes is available for operator recognition and action before
shutdown margin is lost. This time period is sufficient for operator
acknowledgement and ccrrective action following alarms of high flux level,

or Low Pressure Surge Tank high level, high temperature, or high pressure.

Vi.C.4 Failure to Boratz Prior to Cooldown

Because of the large negative temperature coefficient of reactivity
at end of cycle, any decrease in main coolant system temperature increases
the core reactivity stste. Consequently, during the process of cocldown
of the main coolant system, adequate shutdown margin must exist from boron

concentration and control rod worth.

Failure to ensure adequate shutdown wargin prior to cooldown was

evaluated using the following basic assumptions:

a) The moderator temperature coefficient is the most negative value

expected with all rods in the core, including uncertainties.

el

b) The reactor is initially 12 svbcritical at an average temperature
of 5150F, the maxium allowcd temperature at hot st2adby (Mode

3) conditions.
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¢) The shutdown margin at 5150F is 4.72Z40, less than the minimum

required by the Technical Specifications.

d) The main coolant system temperature is reduced at the maximum

allowable rate of S09F/hr.

4

In order to make the reactor critical from these initial conditions,
the average coolant temperature must be reduced to approximately 490°F.
This temperature reduction requires approximately 30 minutes, which is ample
time for the operator to diagnose the condition and take necessary corrective
action. A cocidown below 3500F would be required for a complete loss of
shutdown margin. This would require i1 excess of 3 hours, which is adequate

time for the operator to correct the situation.

VI.C.5 Conclusion

The probability of erroneous dilution is considered very small
because of the equipment, controls, and administrative procedures provided
for boron dilution activities. However, in the unlikely event that an
unintentional dilution of boron in the main coolant system occurs, numerous
alarms and indications are available to alert the operator of the condition.
1f the reactor is critical at the time dilution begins, automatic safety
features of the reactor protection system would ensure acceptable plant
performance without operator intervention. For boron dilutions initiated

during any operational mode, adequate time exists for the operator to

*Yetermine the cause of the di tion and take corrective action before a

complete loss of shutdown margin occurs.

"wa
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YANKEE NUCLEAR POWER STATION

VII. Topic XV-12: Spectrum of Rod Ejection Accidents (PWR)

The mechanism postulated to result in ejection of a control rod

z from the core is a mechanical failure of the control drive mechanism housing
(CRDM). The CRDM housing and CRDM nozzle are an extension of the reactor
coolant system boundary and are designed and manufactured to Section VIII
of the ASME Boiler and Pressure Vessel Code (1956 Edition). Rod ejections
are considered to be a limiting-fault event by Reference VII.1 ANSI N18.2
standards, which is an event that is not expected to occur within the
lifetime of the plant. It is postulated for analysis because of the
potential for radiation release due to possible fuel pin damage caused by
extreme temperatures. NRC Regulatory Guide 1.77, Reference VII1.2, places
a limit of 280 cal/gm on the maximum radially-averaged fuel enthalpy during
the accident. If the radislly—-averaged enthalpy the fuel pin hot spot
exceeds 280 cal/gm, by NRC standards the pin is assumed to fail and all
gap radioactivity is assumed to be released. Currently, however, Yankee
Atomic Electric Company employs more conservative criteria to measure fuel
damage. These criteria are identical to those adopted by Combustion
Engineering for preparation of the Maine Yankee Plant Final Safety Analysis

Report. They are as follows:

Failure Mode Basis Fuel Enthalpy Criteria
Clad Damage Radial Average 200 cal/gm
b1 at Axial Hot Spot
Incipient Fuel Melting Axial Hot Spot 2250 cal/gm
Fully Molten Fuel Axial Hot Spot 2310 cal;gm
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The amount of reactivity which can be introduced into the core as
a result of a rod ejection is minimized by operation with chemical reactivity
shim. Most of the control rods are withdrawn before reaching full power,
thus minimizing the severity of any rod ejection accident. Furthermore,
i should a rod ejection occur, the resulting high power level inftlates a
high neutron flux trip signal which causes the shutdown rods to insert,
thus redu.ing the neutron generated power to negligible levels. The loss
of coolant resulting from the primary system r ~"ure and its consequences
are similar to those for small breaks, which are discussed in the section

describing the Loss-of-Coolant Accident, Topic Vi-2.D.

VII.B Analzsis

The analysis of the rod «jection accident is performed using the
CHIC-KIN digital computer program to simulate the core hot channel response.
This model incorporates the standard six-delayed neutron groups

representation along with explicit reactivity contributions from rod motion,

fuel temperature effect and moderator temperature variations.

The principal reactivity feedback mechanism affecting the course
of the nuclear transient is caused by fuel temperature increase. Although
the axial shape does not change significantly during the course of a rod
ejection accident, the radial shapes at various axial slices undergo marked
changes. However, the use of the static, non-Doppler flattened radial pin
, peaking factor (obtained from two-dimensional diffusion theory results)
:1n conjunction with the average core energy release (obtained from the point

. kinetics results) yields hot spot energy releases that are conservative,

since the fuel temperature effect during a transient is strongest at the
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radial peak location. Thus, the radial peak is limited to a value below
that obtained from the static ejected rod configuration for the major portion

of the transient.

Rod ejections are evaluated for each reload core using methods
f similar to the Core XI analysis, submitted via Reference VII.3:and approved

ES

by the NRC via Reference VII.4. Typically, results vary from core to core

because of changes in rod worth, moderator and fuel temperature reactivity
coefficients, axi-1 power distributions, and radial two-dimensional peaking
factors. Analysis is performed for both zero power and full power operating

conditions.

Most recently, the rod ejection analysis for Core XV, Reference
VII.S5, showed results to be less limiting than for Core XIV. Core XI results
were more limiting than either Core XIV or Core XV. The following

assumptions applied for the Core IV analysis:
1. The most worthy contrel rod ejects instantaneously:

2. The fuel temperature coefficient is the least negative value

expected throughout core life during power operation;
3. The ejected rod worth is the maximum throughout core life;

4., The calculated maximum e jected rod peaking throughout core life

is increasec by 10 percent in order to account for calculational

uncertainties.

ze

Results for Core XV were that radially-averaged enthalpy for both

low power and full power cases was less than 200 cal/gm, so no- fuel pin
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damage was predicted.

In conclusion, together with established rod inserticn limits, the
reactor prbtoction sysiem ensures that no clad damage occurs during a rod

ejection cransient.

L B
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YANKEE NUCLEAR POWER STATION

Topic XV-14 - Inadvertent Operation of ECCS or CVCS Malfunction that causes an

increase in reactor coolant inventory.

! An increase in main coolant system inventory can result from inadvertent
safety injection or from a malfunction in the pressurizer level control system
(CVCS). Depending upon boron concentration and temperature of the injected

water, a power level increase could result.

A mal functior of the pressurizer level control system could at most
result in the starting of all three charging pumps znd in tae closing of all
three letdown orifices. This situation results in a maximum charging rate of

100 gpm (33 gpm/pump). At this rate, the pressurizer level will increase at
approximately 17 inches per minute from its normal level of 120 inches ( 1/3
full). A high pressurizer water level trip will scram the reactor when the
pressurizer level reaches 200 inches. However, a high main coolant system
pressure trip would most likely have already occurred when the MCS prec-sure
reached 2200 psig. During the level increase, a high pressurizer level alarm
will occur at 150 inches, alerting the operator to the overcharging condition,
giving him time to stop the charging pumps before the MCS reaches an

overpressure condition.

In addition to the pressurizer level and MCS pressure increase, the
overcharging condition could result in a boron dilution of the MCS resulting
in an increase in reactor power. Should the reactor be in the automatic
control mode during a boron dilution at power, the control rod group selected
by the operator would insert to offset any temperature increase resulting from
the core power-steam flow mismatch. During this time, the operator would be
alerted by the high average temperature and high core power alarms. 1In
ld’ition, the Vapor Container Intercom System would normally provide an
audible indication of rod motion. These indications and alarms would alert
the operator of the condition in suffficent time to terminate the: dilution and
restore adequate shutdown margin. If the reactor should be in the manual
mode, the same alarms and indications would occur but the control rods would

not be inserted. Boron dilution at power is discussed in detail in the Core

XV licensing submittal, Reference XV-14A.




Inadvertent operation of the ECCS during norma! operating conditions will
not result in adverse consequences since no flow will be delivered to the MCS
due to the fact that the ECCS shutoff head of 1560 psig which is well below
MCS operating pressure. Individual recirculation lines from each HPSI pump
discharge to the Safety Injection tank (SIT) provide minimum recirculation
glou pump protection. In addition, inadvertent HPSI pump operation wiii not
result in overpressurization of the LPSI pumps. First, it is highly
improbable that the five check valves in series would leak excessively.
Second, the respective heads of the LPSI pumps and HPSI pumps are of nearly
the same magnitude - 870 psi for the HPSI pumps and 690 psi for the LPSI thus
damage to either pump is unlikely. Third, flow back to the SIT through LPSI

recirculation orifices would prevent pressure buildup.

The inadvertent operation of the ECCS during low temperature/low pressure
conditions was addressed in the evaluation of the reactor Low Temperature
Overpressure Protection System (LTOP). Pressure transients resulting from the
mass addition from one SIS train between MCS temperatures of 300°F to
324°F and from the mass addition from one low pressure safety injection pump
below 20N°F MCS temperature were excluded as design considerations from the
Yankee Rowe LTOP system. The justification for excluding these events is
best summarized in the NKC's Safety Evalution of the Yankee Rowe Low

Temperature Overpresure Protection System, Reference XV-14B.

Based upon this review, it is concluded %Znat the Yankee Nuclear Power
Station is adequately designed to cope with an inadvertent operation of the
ECCS or CVCS.
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YANKEE NUCLEAR POWER STATION

Topic XV-15 - Inadvertent opening of a PWR pressurizer safety/relief valve

The design pressure of the Yankee Rowe main coolant system is 2485 PSIC.
lin‘nal system operating pressure is 2,000 PSIG. Two preuurizeri:code saf-cy
valves and a single pressurizer power operated relief valve are provided to
limit any main coolant pressure transient to 110% of the design pressure
(2735 PSIG). In addition, a l-inch water relief valve (90 GPM at 2735 PSIG)
is provided in each main coolant loop "o prevent overpressurization of an
isolated main coolant loop. Technical specifications do not ullow power

operation with an isolated loop.

The two pressurizor code safety valves are designed to relieve 92,000 1bs
per hour of saturated steam at set pressures of 2485 PSIG a;d 2560 PSIG
respectively. The combined relief capacity of these valves is greater than
the maximum surge rate resulting from a complete loss of load assuming no
reactor trip until the first RPS setpoint is reached and no credit for PORV or
steam dump valve operation. The single power operated pressurizer relief
valve has a capacity of 70,000 lbm per hour at its set pressure of 2385 PSIG.
It is provided primarily to limit clallanges to the code safety valves but in
certain accident situations it may be relied upon to depressurize the MCS and
provide for core cooling via feed and bleed. 1t should also be noted that
PORV actuation would not prevent a reactor trip in an overpressurization event
since its set pressure is well above the high main coolant system pressure
trip of 2,200 PSIG

Since the normal s, _cm pressure at Yankee is 2,000 PSIG, considerable
margin exists between that pressure end the set pressures of the PORV (2385
PSIG) and the code safety valves (2485 psia and 2560 psia). Thus, the most
likely time for an inadvertent relief or safety valve blowdown to occur would
bé follow ng an event such as a loss of load without prompt reactor trip in
which a relief or safety valve lifts and fails to reseat. In the event of thc
iOav remaining open, the operator car terminate the ensuing blowéown by
closing the PORV block va.ve. Since the safety valves cannot be:isolated,
blowdown from a stuck-open safety valve would continue until either the va e

resests or until the plant is brought to cold shutdown.



It should be noted that in 20 years of Yankee operation, neither the code
safety valves nor the PORV have been ciiallenged. This is due to the wide
marg’ . between operating pressure and valve setpoints as noted above. With
the installation of the new MCS high pressure trip of 2,200 PSIC for Core XV,
the potential for future chalienges to the PORV or the code safety valves is
‘xhstmtially reduced from the already low probability that curréntly exists.

In the unlikely event of a stuck-open pressurizer PORV or rafety valve,
blowdown from the main coolant system via the pressurizer to contairment would
occur. A 240 PSIG rupture disk is provided on the relief valve discharge
piping. Perforaticn of the rupture disk would direct the blowdown into
containment. Relief valve discharge piping is designed such that normal valve
"weeping" is directea to the low pressure surge tank ard any other higher flow

rat vould cause tie ruptue disk to blow to containment.

The rate of MCS depressurization from the stuck-cpen valve would depend
upon the venting capacity of the relief or safe:y valve in the unseated
condition. Reactor scram would occur upon reaching the low main coolant
system pressure sc:point of 1,800 PSIG. The rate of depressurization
following reactor trip increasrs because of the cooldown of the primary
sys-em. The ensuing system “"shrink" results in & rapid transition from 1,800
PSIG MCs pressure to aporoximately 935 PSIG or 760 PSIC depending upon the

second "~y side configuration.

The automatic rod ‘ontrol syrtem at Ya.kee would nct attempt to maintain

constant reactor power prior to reactor trip since it has a rods in function

only whicn is controlled by the average coolant temperature (Taverage)' As *
such, the automa.ic rod control system can only serve to decrease reactor

power in such an event.

A safety injection actuation signal (SIAS) wiil occur when the pressure
.
dtops below 1,700 PCIG, thus starting safety injection pumps. The high
pressure and low pressure safety injection pumps stai. on SIAS byt do not



begin delivering flow to the MCS until the MCS pressure drops below their

cambined shut off head of 1,560 PSIG. This will occur quite quickly following
reactor trip. Once the MCS temperature equilibrates with the secondary side
temperature, MCS depressurization continues (at a slower rate due to saturated
conditions) until the ECCS recovers the situation, refills the MCS and long
term cooling is established. :

{ ¢

g The inadvertent opening of a pressurizer relief or pressurizer safety
valve has not been specifically analyzed. Such an event would represent a
break area equivalent to an internal diameter of 0.8 inches for the PORV to
approximately 0.9 inches for the safety valves. Since these breaks are on the
hot side of the system, the system effects are less severe than for the
equivalent size cold leg break. The system response to inadvertent opening of
the pressurizer relief or safety valves are bounded by the small break LOCA
analyses performed for Core XIII which meet Appendix K criteria (References
XV-15A and XV-15B). That analysis consisted of a spectrum of cold leg breaks
with ECC3 spillage ranging in size from 2.25 inches ID to 10.0 inches ID. The
limiting break was identified to be a 4.0 inch ID break. Analysis of any

breaks less than 4 inches ID would prove to be non-limiting.

The system response to a stuck open PORV or safety valve is much less
limiting than the equivalent cold leg break for several reasons. First, the
break is at the highest point in the MCS, facilitating steam venting and
ultimately system refill. Second, safety injection will occur at all four
loop injection points versus only three in the Core XIII Analysis since no
pipe break exists, maximizing system refill. Finally, the relieving capacity
of these valves are such that decay heat can be removed from any of them early
in the blowdown “~ansient. For examplie, the PORV can remove decay heat by
removing steam at approximately 15 minutes to one-hal f hour into the
accident. This capability allows the initial inventory on the secondary side
of the steam generators to handle decay heat requirements amply until the PORV
h:ndles it on its own coupled with ECCS injection.

Based upon this review, it is concluded that the Yankee Nuclear Power
Station is adequately designed to cope with an inadvertent openiig of a

pressurizer relief or safety valve.
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