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Pennsylvania Power 8 Light Company
Two North Ninth Street ~ Allentown, PA 18101 ~ 215/ 770.5151

Norman W. Curtis
Vice President-Engineering & Construction-Nuclear
215 / 770-5381

JUN 04 1982

Mr. A. Schwencer, Chief
Licensing Branch No. 2
Division of Project Management
U.S. Nuclear Regulatory Commission
Washington, DC 20555

SUSQUEHANNA STEAM ELECTRIC STATION t

AMENDMENT 47 TO OPERATING LICENSE &PLICATION
ER 100450 FILE 841-1
PLA-1116

Docket Nos. 50-387
50-388

Dear Mr. Schwencer:

Attached are sixty (60) copies of Amendment No. 47 to the operating license
application. This ammendment contains Revision 30 to the Susquehanna SES
Final Safety Analysis Report.

This amendment contains the following changes:

o Section 1.2 Update of figures to show the location
of t:he PASS system

o Section 1.7 Update of electrical drawing table. Drawings
are submitted under separate cover

o Section 1.8

o Section 2.4

Update of P&ID legend and symbol figure

Correction of typographical errors

Correction of figure references

Clarification of the design of the discharge
channel from the spray pond

Corrections of elevation and size scuppers

Correction of the loadings due to wind-wave-
action and earthquakes on pipe supports

o Section 3.1 Correction of typographical errors

; 8>Ob070280"820b04
PDR, 'ADOCK .05000387, 't
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Addition of references to other sections
of the FSAR or other reports to add clarity

o Section 3.2 Correction of typographical errors

Correction of the principal construction codes
and standards

o Section 3.7b Correction of typographical errors

Clarification that rodofoam will be left
in place in joints between structures
and we'll have little effect on the structures

r

Clarification of the use of dynamics
analysis for equipment

Clarification of the structure foundation
interaction coefficients used in the analysis

Revision of the floor response spectrum
for the ESSW pumphouse

o Section 3.10c Correction of typographical errors

Update section to reflect the status of
seismic qualification of electrical equipment

o Section 3.11 Update of Table 3'.11-6 to state the normal
and maximum plant environmental conditions

o Section 3.12 Clarification of the separation criteria used
for cables and raceways

Clarification of the separation critiria
used of confined spaces in the control
structure

Clarification of the separation criteria used
in panels

o Section 4.6 Correction of typographical errors

Description of the modifications made to
the scram discharge volume

o Section 5 .1

Update of P&ID figures

Update of P&ID figures
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o Section 5.2 Addition of piping categories for inspection
of piping

Deletion of the drywell floor drain
sump level instrumentation accuracy

o Section 5.4 Correction of typographical errors

Clarification that the RCIC pump suction
automatically transfers to the suppression
pool from the CST on a low water level
signal and the interlocks associated
with this function.

Clarification of the bulk suppression
pool temperature

o Section 6.2

Update of P&ID figures

Correction of typographical errors

Clarification that the instrument
sensing lines are not an extens'ion
of the containment

Update of the description of the hydrogen and
oxygen monitoring system

Clarification of the low pressure leak
test frequency

Update of the calculated peak drywell
pressure

Addition of the description of the capping
of five downcomers

Update of the containment penetration
data tables

o Section 6.3

o Section 6.4

o Section 6.5

Update of P&ID figures

Update of P&ID figures

Correction of typographical errors

Correction of typographical errors
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Correction to state that the CSEOASS can
be manually started

Addition of environmental design criteria
on the ESF filter systems compliance
with the recommendations of Regulatory
Guide 1.52 table

o Section 6.6 Addition of bolting categories to reflect
the preservice inspection upgrade for
Class 1 and Class 2 pressure retaining
bolting

o Section 6.7

o Section 7.1

Addition to'escribe to MSlF-LCS interlock
with the inboard main steamline
isolation valve

i

Correction of typographical errors

Deletion of reference to EEEE 387-1982
since this applies to the diesel generators
which are not part of the instrumentation
discussed in this chapter

Moved the discussion of the Rod Block
Monitoring System to 7.7

Moved to discussion of the refueling interlocks
to Section 7.7

Moved the discussion of the Reactor Manual
Control System to Section 7.7

Added reference to PP&L's Environmental
Qualification of Class 1E Equipment program

o Section 7,2 Correction of typographical errors

Correction of table, figure and section
references

Addition of discussion of the modifications
to the SRV discharge volume

Addition of a reference to PP&L's
Environmental Qualification of Class 1E Equipment
program
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Addition of reference to Technical
Specifications for instrument setpoints

o Section 7.3 Correction of typographical errors

'orrection of table, figure and section
references

Addition of reference to PP&L's Environmental
Qualification of Class lE Equipment program

Clarification of divisionalization of
HPCI & RCIC

Addition of reference to Technical Specifications
for instrument setpoints

Addition of high main steamline temperature
as an initiation signal for closure
of the MSIV's

Addition of a discussion on containment
atmosphere control

o Section 7.4 Correction of typographical errors

Correction of table, figure and section
references

Revised the discussion of the RCIC system
to discuss the automatic initiation

o Section 7.5 Correction of typographical errors

Correction of table, figure and section
references

Addition of reference to PP&L's Environmental
Qualification of Class 1E Equipment
Program

o Section 7.6 Correction of typographical errors

Correction of table, figure and section
references

Moved the discussion of Source Range
Monitoring System to Section 7.7
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Moved the discussion Rod Sequence Control
System Instrumentation and Control to
Section 7.7

Moved the discussion of Process Computer System
Rod Worth Minimizer Instrumentation and
Controls to Section 7.7

Addition of discussion of Primary Containment
Radiation Monitoring System

o Section 7.7 Correction of typographical errors

I
U

Correction of table, figure and section
references

Revised the'discussion on transient monitoring
system to include GETARS

Revised the discussion of the MG set speed
limiters

'l

Addition of discussion of the ATWS-RPT

Addition of the following discussions previously
in other sections

a) Rod Sequence Control System

b) Process Computer System — Rod Worth
Monitoring Subsystem

c) Source Range Monitoring Subsystem

d) Rod Block Trip

o Section 8.1 Revision to the method of isolation for
circuit number 57 and 58 of Table 8.1-2

o Section 8.3

o Section 9.1

o Section 9.2

Correction of typographical errors

Update of P&ID figure

Updated the description of the Turbine Building
Closed Cooling Water System

Updated description of the Gaseous Radwaste
Recombiner Closed Cooling Water System
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Updated description of the Reactor Building
Closed Cooling Water System

Updated description of the Makeup Demineralizer
System

Updated description of the Ultimate Heat
Sink

Updated description of the Service Water
System

Updated description of the Emergency Service
Water System

Updated description of the Raw Water
Treatment System

Updated description of the Condensate
Storage and Transfer System

Updated description of the Potable Water
and sanitary Waste Systems

Update of P6ID figures

o Section 9.3 'pdated descriptions of the Compressed
Air Systems

'Updated description of the Equipment and
Floor Draina'ge System

Updated description, of the Standby Liquid
Control System

I lf

Updated PAID figures

o Section 9.4 Correction of typographical errors

Correction to the temperature settings for
the Diesel Generator Building Ventilation
System

Correction to the temperature settings for the
Engineered Safeguard Service Water Pumphouse
Ventilation System
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Correction to the temperature settings for
the Circulatory Water Pumphouse and
Water Treatment Building HVAC

Updated description of the Reactor Building
Ventilation System including revisions to the
temperature settings and the addition of a
description of the radiant heaters

Updated description of the Radwaste Building
Ventilation System

Updated description of the Control Structure
H&V System

o Section 9.5

o Section 10.4

Updated P&ID figures

Updated P&ID figures

Correction of typographical errors

Correction to the maximum turbine bypass flows

Correction to the turbine trip setting

Correction to the pressure drop across the
demineralizer unit

Updated description to show a relief valve in
the resin transfer line of the Condensate
Cleanup System

Updated description of the main condenser and
auxil'iary systems

o Section 11.2

Updated P&ID figures

Correction of typographical errors

Correction to Liquid Radwaste System flows
on Table 11.2-4

Correction to the expected and design basis
radionuclide activity inventories

o Section 11.3

Updated P&ID figures

Correction of typographical errors

Correction .to the. annual gaseous releases
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Updated description of the offgas System
water removal/temperature reduction assembly
temperatures

Updated offgas system flows

Updated frequency and quantity of steam
discharged to the suppression pool

o Section 11.4

Updated P&XD figures

Correction of typographical errors

Updated description of wet radwaste
solidification and packaging

Updated description of radwaste crane

Updated description of waste container storage
and offsite,disposal

Updated description of the filter media
time ventilation system

Updated description of inputs to waste
mixing tanks

Updated PAID figures

Updated solid waste management system
flow diagram

o Section 11.5 Correction of typographical errors

Addition of the description of the containment
radiation monitoring systems

Deletion of the Offgas Post Treatment
Radiation Monitoring System

Updated description of the RHR Service Water
Radiation Monitoring System

Updated description of the Reactor Building
Vent Stack Exhaust Sampler

Updated to the process and effluent radiation
monitoring systems table
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o Section 12.1 Correction of Health Physics personnel title
Deletion of the reference to the ALARA
Review Committee which has been disbanded

o Section 12.3 Correction of typographical errors

Deletion of strainers on demineralizers

Updated description of area radiation
monitoring recording devices and readouts
and alarms

Updated description of the area radiation
monitoring system

Update of the mrem to personnel inside the
control room for the 30-day period

" following the LOCA

f

o Section 13.1

Updated

Updated
resumes

P&ID figure

technical support personnel

Updated qualifications of key plant supervisors

o Section 13.2 Updated description of the licensed operator
requalification program

o Section 14.2 Correction of .typographical errors

Addition of prerequisite for test P55.1

Addition of vacuum breaker testing
to test P59,1

Division of test P73.1 into three
separate tests

Updated description of the preoperational
test program

Updated organizational and staffing of the
Integrated Startup Group

Addition of the abstract for test A67,1,
Loose Parts Monitoring System
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Addition of the abstract for test P59.3,
Primary Containment Isolation Valve Timing

Addition of the abstract for test P56.1B,
Rod Sequence Control System

Addition of the abstract for test P56.1C,
Rod Worth Minimizer System

Revised description of the abstract for test P83.1,
Main Steam System

o Section 15.0

o Section 18.1

Correction of typographical error

Revised to reflect the changes previously
submitted by letter

o Section 18.2 Revised to reflect the charges previously
submitted by letter

o Question 32.27 Revised to reference PP&L's position on
Regulatory Guide 1.97

o Question 32.28 Revised to reference PP&L's Environmental
Qualification of Class lE Equipment

o Question 32.44 Revised to reference PP&L's position on
Regulatory Guide 1.97

o Question 32.84 Revised to reference the discussion of
valve position indication monitors in
Section 18.1

o Question 112.10

o Question 211.8

o Question 211.68

Revised to reference PP&L's position on
IE Bulletin 80-07

Revised to reference the discussion of
of SRV testing in Section 18.1

Revised to reference the submittal of
the ODYN analysis

o Question 211.110 Revised to reflect that the figure has
been revised

o Question 211.118

o Question 211.119

o Question 211.120

Correction of typographical errors

Correction of typographical errors

Correction of typographical errors
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o Question 211.139 Revised to reference past discussions
of the Licensing Review Group

o Question 211.140

o Question 211.175

Revised to correct table reference

Revised to reference discussion of SRV

tests in Section 18.1

o Question 211.228 Revised to reference PP&L's Emergency
Procedures

o , Question 211.272

o Question 313.2

Revised to reference ODYN submittal

Revised to references setpoints in
Technical Specifications

o Question 321.7 Revised to reference submittal of the Process
Control Program

o Question 331.11 Revised to reference discussion on accident
monitoring instrumentation in Section 18.1

o Question 331.14 Revised to reference shielding study
discussion in Section 18.1

o Question 331.15 Revised to reference to PASS discussion
Section 18.1

o Question 331.16 Revised to reference Table 13.1-3 for the
resume of the Health Physics Supervisor

o Question 371.6 Revised to reference the submittal of
the environmental report for Pond Hill

o Question 422.6 Revised to correct table reference

Very truly yours,'

W. Curtis
Vice President, Engineering and Construction — Nuclear

NRC TRANS P:1
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Mr. Thomas M.,Gerusky
Director, Bureau of Radiation

Protection
Fulton Building
P. O. Box 2063
Harrisburg, PA 17120

Attorney General
Department of Justice
Capitol Annex
Harrisburg, PA 17120

Mr. Bruce Thomas
President, Board of Supervisors
R. D. 81
Berwick, PA

Mr. George Pence
U. S. Environmental Protection Agency
Region IIIOffice
Curtis Building (Sixth Floor)
6th 6 Walnut Streets
Philadelphia, PA 19106

Governor's Office of State
Planning & Development

Attn: Coordinator, Pennsylvania
State Clearinghouse

P. 0. Box 1323
Harrisburg, PA 17120

Mr. J. E. Carson
Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439,
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7 7 CONTROL SYSTEMS NOT REQUIRED POR SAPETY

7 7 1 DESCRIPTION-

This subsection discusses instrumentation controls of systems
whose functions are not essent.ial for the safety of the plant and
permits an understanding of the way the reactor and important
subsystems are controlled. The systems include:

(2)

Reactor vessel — instrumentation NSSS

Reactor manual control system — instrumentation and
controls, NSSS

(3) Recirculation flow control system — instrumentation and
controls NSSS

(4) Reactor feedwater system — instrumentation and controls
NSSS

tC

(5) Pressure regulator and turbine — generator system-
instrumentation and controls non-NSSS

(6) Neutron monitoring system — TIP

(7)

(8)

Process computer system — instrumentation NSSS

Neutron monitoring system — traversing in-core probe
NSSS

I

(9) Reactor water cleanup system — instrumentation and
controls NSSS

(10) Refueling interlocks system

(ll). Rod block monitor system
(12) Nuclear Press'ure Relief System — instrumentation 6controls
(13) Loose parts monitoring system

7,7,~g - Reactor Vessel — Instrumentation

Pigures 5. 1-3a and 5.1-3b show the instrument numbers,
arrangements of the sensors, and sensing eguipment used to
monitor the reactor vessel conditions. Because the reactor
vessel sensors used for safety systems, engineered safeguards,
and control systems are, described and evaluated in other portionsof this document, only the sensors that are not required for
those systems are described in this subsection.

Rev. 22, 4/81 7& 7 1
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7>7. lzl.-l - +yggem" Zdengi fication

The purpose of the reactor vessel instrumentation is to monitor
the key reactor vessel operatinq variables during plant
operation.

These instruments and systems are used to provide the operator
with information during normal plant operation, startup and
shutdown. They are monitoring devices and provide no active
power control or safety functions.

7;7-.-1;-3:..l.. 2 .- Glassi fica t ion

The systems and instruments discussed in this subsection are
designed to operate under normal and peak operating conditions of
system pressures and ambient pressures and temperatures and are
classified as not rema ted to safety.

7~7~];;g;/~3 - ggfegegce ~sign

Table 7.1-2 lists the reference design information. The reactor
vessel instrumentation is an operational system and has no safety
function. Therefore, there are no safety design differences
between this system and those of the reference design facilities.
This'system is functionally identical to the referenced system.

7.1 l. ~ >~owec Sources

The systems aad instruments discussed in this subsection are
powered Crom the instrument bus.

The instrument sensinq lines that the various pressure and level
sensors are connected to slope downward from the vessel to the
instrument rack.with a minimum slope of 1/2-in/ft for those lines
which .cannot be sloped at the normal minimum of '1 in/ft
fincludinq allowance for piping sag), so that air traps are not

Rev. 17 9/80 7% 7 2
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l

formed. The instrument lines are self-venting back to the
reactor vessel.

g 7~1-;1++ - Circuit Description

7~7.1 > .>.>-..» eactor--Vessel- Tem erature

The reactor vessel temperature is determined on the basis of
reactor coolant temperature. Temperatures needed for operation
and for compliance with the technical specification operatinglimits are obtained from one of several sources, depending on the
operatinq condition. During normal operation, either reactor
pressure and/or the inlet temperature of the coolant in therecircu.lation loops can be used to determine the vessel
temperature Below the operating span, of the resistance
temperature detectors in the recirculation loop and above 212OF,
the vessel pressure is used for determining the temperature.
Below 212OF, the vessel coolant, and thus the vessel temperatureis reasonably well shown by the reactor water cleanup systeminlet temperature. These three sources of input are most
conveniently available from the process computer. During normaloperation, vessel thermal transients are limited via operationalconstraints on parameters other than temperature.

7 7 -1- 1 P..l 2 reactor Vessel. Mater LevelZ

Figure 7.7-1 shows the water level range and the vessel
Penetration for each water level range. The instruments that
sense the water level are strictly differential pressure devicescalibrated to be accurate at a specific vessel pressure andliquid temperature condition. The followinq is a description of
each water level,range shown on Figure 7.7-1..

(1) Shutdown water level range: This range is used to
monitor the reactor water level during the shutdown
condition when the reactor system is flooded for
maintenance and head removal. The water level
measurement desiqn is the condensate reference chamber
leq type that is not compensated for changes in den-sity. The vessel temperature and pressure conditionthat is used for the calibration is 0 psig and 120 F
water in the vessel. The two vessel instrument
penetrations elevations used for this water level
measurement are located at the top of the RPV head and
the instrument tap just below the bottom of the dryerskirt.

Rev. 17, 9/80 7 w 7 3
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Upset water level range: This range is used to monitor
the reactor water when the level of the water qoes off
the narrow range scale on the high side. The design
and vessel taps are the same as outlined above. The
vessel pressure and temperature condition for accurate
indication is at the normal operating point. The upset
water level is continuously indicated by a recorder in
the control room. The upset range and narrow range
recorders are located in close proximity of each other.
The upset range upper limit is higher than the narrow
ranqe upper limit. Therefore when the indication goes
off scale in the upscale direction on the narrow range
recorder, water level indication may be read
immediately from the upset range recorder. Further
information as to the range and main control room
indication is discussed in Subsection 7.7.1.4.
Narrow water level range: This range uses for its RPV
taps at the elevation near the top of the dryer skirt
and the taps at an elevation near the bottom of the
dryer skirt. The zero of the instrument is the bottom
of the dryer skirt and the instruments are calibrated
to be accurate at the normal operatinq point. The
water level measurement desiqn is the condensate
reference chamber type, is not density compensated, and
uses differential pressure devices as its primary
elements. The feedwater control system uses this range
for its water level control and indication inputs. For
more information as to the range, trip points, number
of channels, and control room indication, see the
discussion on the feedwater control system, Subsection
7 7 1.4

(4) Ride water level range: This range uses for its RPV
taps at the elevation near the top.of the dryer skirt
and the taps at an elevation near the top of, the active
fuel. The zero of the instrument is the bottom of the
dryer skirt and the instruments are calibrated to be
accura t~. «it the normal power operatinq point. The
water level measurement d siqn is the condensate
re feronce type, is not density compensated ~ and uses
>iffervntial pressure devices as its primary elements.
Hide range water level is displayed on two redundant
recorders located in the main control room.

Fuel zone water level range: This range uses for its
BPV taps at the elevation near the top of the dryer
skirt and the taps at= the jet pump diffuser skirt. The
zero of the instrument is the top of the active fuel
and the instruments are calibrated to be accurate at 0
psiq and saturated condition. The water level design
is the condensate refe"ence type, is not density
compensated, and uses differential pressure devices as
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its Primary element. These instruments provide input
water level indication.

The condensate reference chamber for the Narrow range, Hide
Ranqe. and Fuel Zone water level range is common as discussed in
Section 7 3.

In order to decouple the chanqe in measured water level with
chanqes in drywell temperature, the elevation drop from RPV
penetration to the drywell penetration will remain uniform for
the narrow range and wide range water level instrument lines.
Reactor water level instrumentation that initiates safety systems
and engineered safequards systems is discussed in Sections 7.2
and 7.3. Reactor water level instrumentation that is used as
part of the feedwater control system is discussed in Subsection7.7.1.4. The, reactor water level that pertains to this
subsection is used to monitor the reactor water level durinq the
shutdown conditions when the reactor system is flooded for
maintenance and head removal. The water level design is the
condensate chamber reference leq type that is not compensated for
chanqe in density. The vessel condition that will provide
accurate ~ater level information is 0 psiq pressure and ambient
temperature. The range of the instrument is from the bottom of
the feedwater control operating range to a level over the top of
the reactor vessel head.

$ ,7.1 1- 3.1 3- 4eacto-r Core Hydraulics

A differential prcssure transmitter indicates core plate pressure
droP by measurinq the pressure difference between the core inlet
plenum and the space just above the core support assembly. The
instrument sensinq line. used to determine the pressure'below the
core support, assembly attaches to the same reactor vessel tapthat is used for the injection of the liquid from the standbyliquid control system. An instrument sensing line is providedfor measurinq pressure above the core support assembly. Thedifferential pressure of the core plate is recorded in the maincontrol room.

Another differential pressure device indicates the jet pump
developed head by measurinq the pressure difference between the
pressure above the core and the pressure below the core plate.
This indication is indicated in the main control room.
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7 7.1..1 3.1.4- "reactor Vessel Pressure.1..1 .1. - e

Pressure switches/transducers, indicators, and transmitters
detect reactor vessel internal pressure from the same instrumentlines used for measurinq reactor vessel water level.
The followinq list shows the subsection in which the reactor
vessel pressure measurinq instruments are discussed:

(1) Pressure switches/transducers for initiating scram, and
pressure switches/transducers for bypassing the main
steamline isolation valve closure are discussed in
Subsection 7.2.1.1.

(2) Pressure switches/transducers used for HPCI, CS, LPCI,
and ADS are discussed in Subsection 7 3.l.la.l.

(3) Pressure transmitters/transducers and recorders usedfor feedwater control are discussed in Subsection
7.7-1.4

(4) Pressure transmitters/transducers that are used for
pressure recording are discussed in Subsection
7.5.1. 4. 2.

7~7~1-,.1,-$ ,-1~5. . @abactor Vessel Head Seal Leak Detection

Pressure bqtween the inner and outer reactor vessel head sealrinq will be sensed. by a pressure switch/transducer. Zf theinner seal fails, the pressure at the pressure indicator is the
vessel pressure and can be read on the panel outside of primarycontainment. The plant will continue to operate with the outerseal as a backup, and the inner seal can be repaired at the next
outaqe when the head is removed. lf both the inner and outer

.head seals fail, the leak will be detected by an increase indrywell temperature and pressure

7~7-,-$ ,1..3,1,6 -SafetygRegief Valve Seal Leak Detection

Thermocouples are located near the discharge of the safety/relief
valve seat. The temperature signal goes to a multipoint recorderwith an alarm. The alarm will be activated by any temperature in
excess of a set temperature signalling that one of thesafety/relief valve seats has started to leak.

Rev. 17, 9/80 7 7-6



SS ES- PS AR

[1) The steam temperature is measured and is transmitted to
a backrow panel in the main control room.

(2) The feedwater temperature is measured and transmitted
to a backrow panel in the main control room.

(3) The feedwater corrosion products are monitored and the
siqnal is transmitted to a backrow panel in the main
con trol room for recordinq.

7.7- 1-.1. 3. 2 -. Testabilitv

Pressure, differential pressure, water level, and flow
instruments are located outside the drywell and are piped so that
calibration and test signals can be applied during reactor
operation, if desired.

There are no special environmental considerations for the
instruments described in this subsection.

7~7~1-.l~ 5 Qyegationgl Considerations

7 7..1- 1 -5 1 -'- General -InformationZs, 4; s. 'W + '

The reactor vessel instrumentation discussed in this subsection
is desiqned to auqment the existing information from the
enqineered safequards and safety system such that the operator
can start up, operate at power, shut down, and service the
reactor vessel in an efficient manner. None of this
instrumentation is required to initiate any engineered safeguard
or safety system.

7.7 l. 1 $.2- - Reactor Ooerator Information.2 R r One r r

The information that the operator has at his disposal from the
instrumentation discussed in, this subsection is discussed below:
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(1) The shutdown flooding water level is indicated in the
main control room.

(2) The core plate differential pressure is recorded on, one
pen of a two pen recorder. The second pen is used for
total core flow.

(3) The jet pump developed head is indicated at a local
instrument panel.

(4) Reactor vessel pressure is displayed on two redundant
recorders located in the main control room.

{5) The reactor head inter-seal space pressure indicator
shows reactor pressure when the inner reactor head seal
fails.

(6) The discharge temperatures of all the safety/relief
valves are shown on a multipoint recorder on a backrow
panel in the control room. Any temperature point that
has exceeded the trip setting will turn on an
annunciator indicating that a safety/relief valve seat
ha s st ar ted to leak.

(7) The recorder for the feedwater corrosion products
monitoring system is located in the main control room.
The recorder will turn on an annunciator in the main
control room for either a high or low signal.

7.7.1.1 5 3 Set Points

The annunciator alarm set points for the safety/relief valve
seat leak detection, and feedwater corrosion product monitor are
set so the sensitivity to the variable being measured vill
provide adequate information.

Figure 7.7-1 includes a chart showing the relative indicated
water levels at which various automatic alarms and safety actions
are initiated. Specific level values are shown in Tables 7. 3-1
through '7.3-5. Each of the listed actions is described and
evaluated in the subsection of this report where the system
involved is described. The following list tells where variouslevel measuring components and their Set points are discussed.

(l) Level switches/transducers for initiating scram are
discussed in Subsection 7.2. 1.

(2} Level switches/transducers for initiating containment
or vessel isolation are discussed in Subsection
7. 3. 1. la. 2.
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(3) Level switches used for initiating HPCI, LPCI, CS and
ADS and the level switches used to shut down the
HPCI/HPCS pump are discussed in Subsec tion 7. 3. la.

{4) Level switches to initiate RCIC and the level switches
to shut down the RCIC pump drive turbine are discussed
in Subsection 7.4.1.1.

(5) Level trips to initiate various alarms and trip the main
turbine and the feed, pumps are discussed in Subsection
7 7.1.4.

7.7 1.2 Reactor Manual Control System — Instrumentation and
Controls

7 7.1.2.1 ~S stem Identification

7 7 l. 2. l. 1 Ge nera 1

The objective of the reactor manual control system is to provide
the operator with the means to make changes in nuclear reactivity
so that reactor power level and power distribution can be
controlled. The system allows the operator to manipulate control
rods~

The reactor manual control system instrumentation and controls
consists of the electrical circuitry, switches, indicators, and
alarm devices provided for operational manipulation of the
control rods and the surveillance of associated equipment.

This system includes the interlocks that inhibit rod movement
{rod block) under certain conditions. The reactor manual control
system does not include any of the circuitry or devices used to
automatically or manually scram the reactor; these devices are
discussed in Section 7 2. In addition, the mechanical devices of
the control rod drives and the control rod drive hydraulic system
are not included in the reactor manual control system. The
latter mechanical components are described in Subsection 4.j..3.

7.7.1.2.1.2 Classification

This system is a power generation system, and is classified as
not related to safety.
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7 7.1. 2 1 3 Reference DesicCn

Table 7. 1-2 lists reference design information. The reactor
manual control system is an operational system and has no safety
function. Therefore, there are no safety design differences
between this system and those of the reference design facilities.
This system is functionally identical to the referenced system.

7 7.1 2 2 Power Sources

~No mal

The reactor manual control system receives its power from the 120
V ac instrumentation buses. Each of these buses receives its
normal power supply from the appropriate 460 V ac standby power
system. (See Subsection 8. 3.1 )

Alternate

On loss of normal auxiliary power, the station diesel generators
provide backup power to the 460 volt standby ac power systems.

7 7.1.2.3 ~E ui~ment Design

7 7 1 2 3.1 General

The following discussions will 'examine the control rod movement—
instrumentation and control aspects of the subject system and the,
control rod position information system aspects. The "control»
descriptions include:

(1) Control Rod Drive — Control System

(2) Control Rod Drive — Hydraulic System

(3) Rod Block Interlocks

The »position» descriptions include:

{1) Rod Position Probes

(2) Display Electronics

Figures 4.6-5a and 4.6-5b show the layout of the control rod
drive hydraulic system. Figure 7.7-2 shows the functional

7.7- 10



SS ES- PS AR

arranqement of devices for the control of components in the
control rod drive hydraulic system. The logic diagram for the
overall reactor manual control system is shown in Figure 7.7-3.
Althouqh the figures also show the arrangement of scram devices,
these devices are not part of the reactor manual control system.
Control rods are moved by admitting water, under pressure from a
control rod drive water pump, into the appropria te end of the
control rod drive cylinder. The pressurized water forces the
piston, which is attached by a connecting rod to the control rod,to move. Three modes of control,rod operation are used: insert,
withdraw, and settle. Four solenoid-operated valves are
associated with each control rod to .accomplish the actions
required for the operational modes. The valves control the oath
that the control rod drive water takes to the cylinder.

H

7 7.1. 2. 3. 2 Rod Novement Controls

7.7.1.2.3 2.'1 Control Rod Drive Control System

7 7.1 2 3. 2 1.1 Introduction

When the operator selects a control rod for motion and operates
the rod insertion control switch as shown in Figure 7.7-4,
messages are formulated in the A and 8 portions of the rod drivecontrol system. A comparison test is made of these two messages,
and identical results confirmed; then a serial messaqe in the
form of electrical pulses is transmitted to all hydraulic controlunits (HCU). The message contains two portions, (1) the identity
or "address" of the selected HCU, and (2) operation data on the
action to be executed. Only one HCU responds to this
transmission; it proceeds to execute the rod insertion commandsfor example. Hence, the two insert valves for the selected rod
open, and allow the control rod drive water to follow a path thatresults in control rod insertion.
On receipt of the transmitted signal as shown in Figure 7.7-4,
the respondinq HCU transmits three portions of a message back to
the control structure for comparison with the oriqinal message:

(1) its own hard-wire identity "address",

(2) its own operations currentLy being executed, and

(3) status indications of valve positions, accumulator
conditions, and test switch positions

7&711



SSES-FSAR

In a similar manner, rod withdrawal is accomplished by
formulating a message containing a different operation code. The
responding HCU decodes the message and proceeds to execute the
withdrawal command by operation of HCU valves shown in Figures
4.6-5a and 4.6-5b.

In either rod motion direction, the A and B messages are
formulated and- compared bit by bit (basic word length = 100
microseconds), If they agree, a message is transmitted to the
HCU selected by the operator. Continued rod motion depends on
receipt of a train of sequential messages because the HCU insert,
withdraw, and settle valve control circuits are ac-coupled. The
system must operate in a dynamic manner to effect rod motion.
Postulated failures within the reactor manual control system
generally will result in a static condition within the system,
which will prevent further rod motion.

As discussed above, any disagreement between the A and B
formulated messages will prevent further rod motion. Electrical
noise disruptions will have only a momentary effect on the system
unless the duration of the noise source is sufficiently long to
disrupt the comparison of the stored "B" message and the "C"
acknowledgement a predetermined number of times. In guaranteeing
that rod motion is indeed terminated. Operator action is
necessary to reset the system to restore normal operation. In
Figure 7.7-5, three action loops of the solid-state reactor
manual control system are depicted:

(1) The high speed loop (duration = 200 microseconds)
alternately

a) commands the selected control rod, and
b) either 'scans a rod for status information or commands

a portion of a single HCU self-test.

(2) The medium speed loop (0.045 sec, to 0.062 sec.
duration) monitors all control rods in the reactor, one
at a time, to update their status display and performs
a test on one rod.

(3) The low speed loop (26 sec. to 177 sec. duration)
exercises all HCU's one at a time to ensure

correct'xecutionof actions commanded. This provides for a
continuous, periodic self-test of the entire reactor
manual control system.

The rod selection circuitry is arranged so that a rod selection
is sustained until either another rod is selected or separate
action is taken to revert the selection circuitry to a no-rod-
selection condition. Initiating movement of the selected rod
prevents the selection of any other rod until the movement cycle
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of the selected rod has been completed. Reversion to the no-rod-
selected condition is not possible (except for loss of control
circuit power) until any moving rod has completed the movement
cycle.
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Two of the valves on the HCU, labeled»withdraw,» permit rod
withdrawal. The withdrawal valve that connects the insert drive
water supply line to the exhaust water header is the one that is
associ'ated with the settle operation. The remaining withdra w

valve is associated only with the withdraw operation. The settle
mode of control rod operation is provided to decelerate the
control rod at the end of either an insert cycle or a withdraw
cycle. The settle action smooths out the control rod movement
and prolongs the life of contrcl rod dri've hydraulic system
components. During the settle mode, the withdraw valve
associated with the settle operation is opened or remains open
while the other three solenoid-operated valves are closed.

Durinq an insert cycle, the settle action vents the pressure from
the insert drive water supply line to the exhaust header and thus
gradually reduces the differential pressure across the drive
piston of the selected rod During a withdraw cycle, the settle
action holds open the discharge path for withdraw water while the
withdraw drive water supply is shut off. This also allows a
gradual reduction in the differential pressure across the control
rod drive piston. After the control rod has slowed down, the
collet fingers engage the index tube and lock the rod in
position.
The direction in which the selected rod moves is determined by
the position of four switches located on the reactor control
panel. These four switches, "insert", "withdraw", "continuous
insert" and "continuous withdraw«, are pushbuttons which return
by spring action to an off position.

7.7.1.2.3 2 2.1 2 Insert~Cele

Pol1owing is a description of the detailed operation of the
reactor manual control system during an insert cycle The cycle
is described in terms of the insert, withdraw, and settle
commands emanating from the reactor manual control system. The
response of a selected rod when the various commands are
transmitted has been explained previously. Figure 7.7-2 can be
used to follow the sequence of an insert cycle.
Mith a control rod selected for movement, depressing the»insert»
switch and then releasing the switch energizes the insert command
for a limited time. Just as the insert command is removed, the
settle command is automatically energized and remains energizedfor a limited time. The insert command time setting and the rate
of drive water flow provided by the control rod drive hydraulic
system determine the distance traveled by,a rod. The time
setting results in a one-notch (6-in.) insertion of the selected
rod for each momentary application of a rod-in signal from the
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rod movement switch. Continuous insertion of a selected control
rod is possible by holding the "insert» switch.

A second switch can be used to affect insertion of a selected
control rod. This switch is the «continuous insert" switch. By
holding this switch "in,« the unit maintains the insert command
in a continuous, energized state to cause continuous insertion of
the selected control rod When released, the timers are no
longer bypassed and normal insert and settle cycles are initiated
to stop the drive.

Followinq is a description of the detailed operation of the
reactor manual control system during a withdraw cycle. The cycle
is described in terms of the insert, withdraw, and settle
commands. The response of a selected rod when the various
commands are transmitted has been explained previously. Figure
7.7-2 can be used to follow the sequence of a withdraw cycle.

W'th a control rod selected for movement, depressing the
«withdrawal« switch energizes the insert valves for a short time.
Energizinq the insert valves at the beginning of the withdrawal
cycle is necessary to allow the collet fingers to disengage the
index tube. When the insert valves are deenerqized, the withdraw
and settle valves are enerqized for a controlled period of time.
The withdraw valve is deenerqized before the settle. valve; this
tends to decelerate the selected rod. When the settle valve is
deenerqized, the withdraw cycle is complete This withdraw cycle
is the same whether the withdraw switch is held continuously or
momentarily depressed position. The timers that control the
withdraw cycle are set so that the rod travels, one notch (6-in.)
per cycle. Provisions are included to prevent further control
rod motion in the event of timer failure.
A selected control rod can be continuously withdrawn if the
«withdraw« switch is held in the depressed position at the same
time that the «continuous withdraw« switch is held in the
depressed position. With both switches held in these positions,
the withdraw and settle commands are continuously energized.

Two motor-operated pressure control valves, one air-operated flow
control valve, and two solenoid-operated stabilizer valves are
included in the control rod drive hydraulic system to maintain
smooth and regulated system operation. These devices are shown
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in Figures 4.6-5a and 4.6-5b. The motoroperated pressure control
valves are positioned by manipulating switches in the main
control room. The switches for these valves are located close to
the pressure indicators that respond to the pressure changes
caused by the movements of the valves. The air-operated flow
control valve is automatically positioned in response to signals
from an upstream flow measuring device. The stabilizer valves
are automatically controlled by the energization of the insert
and withdraw commands. The control scheme is shown in Figure
7.7-2. There are two drive water pumps which are controlled by
switches in the main control room. Each pump automatically stops
on-indication of low suction pressure.

The rod block functions are discussed .in Subsection 7.6.la.5.7.

7.7 l. 2. 3.2. 4 Testabil~it

In addition to the periodic self-test mode of system operation,
the reactor manual control circuitry can be routinely checked
for correct operation by manipulating control rods using the
various methods of control. Detailed testing and calibration can
be performed by using standard test and calibration procedures
for the various components of the reactor manual control
circuitry.

7 7.1.2 3 3 Rod Position Information

This subsystem includes the rod position probes and the
electronic hardware that processes the probe signals and provides
the data described above.

7.7.1.2 3.3 1 Position Probes

The position probe is a long cylindrical assembly that fits
inside the control rod drive index tube. It includes fifty-two
magnetically operated reed switches, located along the length of
the probe and operated by a permanent magnet fixed to the moving
part of the hydraulic drive mechanism. As the drive, and with it
the control rod'lade, moves along its length, the magnet causes
reed switches to close as it passes over the switch locations
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The particular switch closed then indicates where the control rod
drive, and hence the rod itself is positioned.

The switches are located as follows: one at each of twenty-four
notch (even) position; one at each of twenty-four mid-notch (odd)
position; two at the fully inserted position (approximately the
same location as the «00«notch); one at the fully with'drawn
position {approximately the same location as the «48«notch
position); and, one at the «overtravel« or decoupled position.

All of the mid-notch or «odd« switches are wired in parallel and
treated as one switch (for purposes of external connections), and
the two fully-in switches are wired in parallel and treated as
one switch. These and the remaininq switches are wired in a 5 x
6 array {the switches short the intersections) and routed out in
all ll-wire cable to the processing electronics (the probe also
includes a thermocouple which is wired out separate from the 5 x
6 array) . See Pigure 7.7-6.

7.7.1.2.3 3.2 Position Indication Electronics

The electronics consists of a set of «probe multiplexer cards«
(one per 4-rod group there the 4-rod group .is the same as the
display qrouping described above), a set of «file control cards"
(one per ll multiplexer cards), and one set of master control and
processinq cards serving the whole system. All probe multiplexer
cards are the same except that each has a pair of plug-in
"daughter cards" containing the identity code of one 4-rod group
(the probes for the corresponding 4 rods are connected to the
probe multiplexer card).

~7.7.1.. 3. 3 3 ~Sstem ~Oeration

The system operates on a continuous scanning basis with a
complete cycle every 45 milliseconds. The operation is as
follows The control logic generates the identity code of one
rod in the set, and transmits it using time multiplexing 'to all
of the file control cards. These in turn transmit the identity
with timing signals to all of the probe multiplexer cards. The
one multiplexer card with the matching rod identity will respond
and transmit its identity (locally generated) plus the «raw«
probe data for that rod back throuqh the file control card to the
master control and processing logic. The processing logic does
several checks on the returning data. Pirst, a check is made to
verify that an answer was received. Next, the identity of the
answerinq data is checked against that which was sent. Pinally,
the format of the data is checked for «legitimacy« only a
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single even position or, full-in plus position "00", or full-out
plus position "48,~~ or odd, or overtravel, or blank (no switch
closed) are legitimate. Any other combination of switches is
flagged as a fault
Xf the data passes all of these tests, it is (a) decoded and
transmitted in multiplexed form to the displays on the Unit
operatinq Benchboard, and (b) loaded into a memory to be read by
the computer as required.

As soon as one rod's data is processed, the next rod's identity
is generated and processed and so on for all of the rods. When
data for all rods has been gathered, the cycle repeats.

7 7.1 2.4 Environmental Considerations

The reactor manual control system (control and position
indication circuitry) is not required for any plant safety
function, nor is required to operate in any associated design
basis accident or transient occurrence. The reactor manual
control circuitry is required to operate only in the normal plant
environments during normal power qeneration operations.

The control rod drives and their hydraulic control units are
located in the containment. (See Table 3.11-1) .

The loqic, control units, and readout instrumentation are located
in the control structure. (See Table 3.11-1)

The control rod position detecto'rs are located beneath the
reactor vessel in the drywell. The normal design environments
encountered in these areas are given in Table 3.11-1.

The reactor manual control system is totally operable from the
main control room. Manual operation of individual control rods
is possible 'with a jog switch to effect control rod insertion,
withdrawal, or settle. Bod position indicators, described below,
provide the necessary information to ascertain the operating
state and position of all control rods Conditions which
prohibit control rod insertion are alarmed with the rod block
annuciator.
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7.7.1.2. 5 2 Reactor Operator Information

Table 7.7-1 gives information on instruments for the reactor
manual control system. A large rod information display on the
Unit Operating Benchboard is patterned after a top view of the
reactor core. (See Figure 7.5-1). The display allows the
operator to acquire information rapidly by scanning.

Colored windows provide an overall indication of rod pattern and
allow the operator to quickly identify an abnormal indication.
The following information for each control rod is presented in
the display:

Rod fully inserted (qreen)
Rod fully withdrawn (red)
Selected rod identification (coordinate position, white)
Accumulator trouble (amber)
Rod scram (blue)
Rod drift (red)

Also dispersed throuqhout the display, in locations
representative of the physical location of LPRN strings in the
core, are LPRN lights as follows:

LPRM low f1ux 1evel (white)
LPRM hiqh flux level (amber)

A separate, smaller hardwired display is located on the standby
information panel. A CRT presentation is available on the Unit
Operatinq Benchboard. This latter display presents the positions
of the control rod selected for movement and the other rods in
the rod qroup. For display purposes the control rods are
considered in groups of four adjacent rods (a "four-rod group")
centered around a common core volume monitored by four LPRN
strinqs. Rod groups at the periphery of the core may have less
than four rods. The four-rod display shows the positions, in
digital form, of the rods in the group to which the selected rod
belonqs A blue background on the digital display indicates
which of the four rods is selected for movement. On either side
of the four-rod position display are indicated the readings of
the 16 LPRN channels (four LPRN strings) surrounding the core
volume common to the four rods of the qroup

The four-rod display allows the operator to better focus his
attention to the portion of the core where rod motion is
occurring. A full core rod position display would tend to be
confusing and difficult to read. The sixteen associated LPRM
displays permit the operator to monitor the core reactivity
during rod motion. In addition, on demand by the operator, the
process computer will provide a print out of all rod positions.
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Durinq startup or shutdown, all rods of a given sequence are
either fully withdrawn or fully inserted. These patterns are
indicated on the full core display with the full-in or full-out
lights. In addition to the whole core display, a drifting rod is
indicated by an alarm and red light in the control room. The rod
drift condition is also monitored by the process computer.

An indication is also provided for rod trend beyond the limits of
normal rod movement. If the rod drive piston moves to the
"overtravel" position, an alarm is sounded in the control room.
The overtravel alarm provides a means to verify that the drive-
to-rod couplinq is intact because, with the couplinq in its
normal condition, the drive cannot be physically withdrawn to the
overtravel position. Coupling integrity can be checked by
att'emptinq to withdraw the drive to the overtravel position.

Accumulator trouble and rod scram indicators are provided to the
displays by the rod drive control system. The LPRN high and low
flux levels and the sixteen LPBN readings are provided by the
power ranqe monitor system. The remaining information to the
displays an'd the position information for the process computer
are provided by the rod position information subsystem

The following main control room lights are provided to allow the
operator tc know the conditions of the control rod drive
hydraulic system and the control circuitry:
Stabilizer valve selector switch position
Insert command energized
Withdraw command energized
Settle command energized
Withdrawal not permissive
Continuous withdrawal
Pressure control valve position
Flew control valve position
Drive water pump low suction pressure (alarm and pump trip)
Drive water filter high differential pressure (alarm only)
Charqinq water (to accumulator) high pressure (alarm only)
Control rod drive temperature (alarm only)
Scram discharge volume not drained (alarm only)
Scram valve pilot air header high/low pressure (alarm only)

7 7.1.2. 5 3 Set Points

The subject system has no safety set points.
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7.7.1. 3 Recirculation Flow Control System-Instrumentation
and Controls

7.7 1.3.1 ~S stem Zndentification

7 7.1 3 1 1 General

The objective of the recirculation flow control system is to
'ontrolreactor power level, over a limited range, by controlling

the flow rate of the reactor recirculating water.

See Piqures 7. 7-7 and 7.7-8. 'Ihe control involves varying the
speed of the recirculation pumps by changing the voltage and
frequency of the ac supply to each pump motor. The ac supply is
provided by a motorqenerator (M-G) set for each pump. Each M-G
set consists of a squirrel cage induction motor driving a
variable frequency generator throuqh a variable speed converter.
The qenerator output is modulated by varying the slip within the
converter. Since flow rate is directly proportional to pump
speed which is proportional to generator speed, generator speedis considered the controlled variable of the system. Either
manual or automatic input to the master controller is the
reference input to the system. The flow control subsystem is
desiqned to limit the .ranqe and rate of chanqe of pump speed, and
to otherwise ensure proper operational and equipment protection.

7.7.1.3.1.2 Classification

This system is a power qeneration system and is classified as not
related to safety.

7.7,1. 3.1.3 Re~fe ence Den~in

The recirculation flow control system is an operational system
and has no safety function; therefore, there are no safety
differences between this system and those of the above referencedfacilities. This system is functionally identical to the
referenced system
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7.7 .3 2 Power Sources

~omal:
The recirculation flow control system pover is supplied by the
two '120 Vac instrument buses Flov control loop A is

powered'rom

bus A and flow control loop B from bus B. That portion of
the control system which is common to both loops A and B (master
controller, etc.) is powered f rom either bus A or B. Each bus
receives its normal pover supply from the appropriate 460 Vac
normal auxiliary pover system. See Subsection 8.3.1 for the
detail descriptions.

Alternate:

On loss of normal auxiliary power, the startup transformer
provides backup power to the 460 Vac normal auxiliary power
systems.

7 7.1.3.3 ~Eui~me t Design

7 7.1.3.3 1. General

Reactor recirculation flow is changed by adjusting the speed of
the tvo reactor recirculating pumps. This is accomplished by
adjustinq the frequency and voltage of the electrical power
supplied to the recirculation pump motor. {see Fiqure 7.7-8) .
Control of pump speed, and thus core flow, is such that at
various control rod patterns, different pover level changes can
be accommodated. For a 100% rod pattern, pover change control
down to approximately 65 percent of full power is possible by use
of flow variation. At other rod patterns, power control is
possible over a range of approximately 35 percent of the maximum
operatinq power level for that rod pattern. Thus, the power
control ranqe is approximately a constant fraction of operating
pover but a variable absolute power range.

A lover limit exists on flow control capability, below which
automatic control by flow is not permitted An increase in
recirculation flow temporarily reduces the void content of the
moderator by increasing the flow of coolant through the core.
The additional neutron moderation increases the reactivity of the
core, which causes the reactor power level to increase. The
increased steam qeneration rate increases the steam volume in the
core vith a consequent negative reactivity effect, and a new
steady-state power level is established. When recirculation flow
is reduced, the power level is reduced in the reverse manner.

1
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Fiqure 7 7-8 illustrates how the recirculation flow control
system operates in conjunction with the turbine controls for
automatic load following.

Each recirculation pump motor has its own motor-generator set for
a power supply. A variable speed converter is provided between
the M-G set motor and generator. To change the speed of the
reactor recirculation pump, the variable speed converter varies
the qenerator speed which changes the freguency and magnitude of
the voltaqe supplied to the pump motor to give the desired pump
speed. The recirculation flow control system uses a demand
siqnal from either the operator or the main plant turbine
qenerator speed qoverninq mechanism. The demand signal is
supplied to the master controller. A signal from the master
controller adjusts the speed setting of the speed controller for
each M-G set converter. The master controller signal is compared
with the actual speed of the qenerator by the speed controller.
The speed controller signal causes adjustment of the speed
converter, resultinq in a change of the generator speed until the
feedback from the generator equals the master controller signal.
The reactor power change resulting from the change in
recirculation flow causes the initial pressure regulator to
reposition the turbine control valves. If the oriqinal demand
siqnal was a turbine load/speed error signal, the turbine
responds to the change in reactor power level by adjusting the
turbine control valves until the load/speed error siqnal is
reduced to zero.

7.7.1.~3.3 Hi~hregugnc~Motor — Generator gHFMGg Set

Each of the two M-G sets and its controls are identical. The M-G
set can continuously supply power to the pump motor at any speed
between approximately 19'nd 96% of the drive motor speed. The
M-G set is capable of startinq the pump and accelerating it from
standstill to the desired operating speed when the pump motor
thrust bearing is fully loaded by reactor pressure acting on the
pump shaft. The main components of the M-G set are a drive
motor, a qenerator, and a variable speed converter, with an
actuation device to adjust the converter output speed.

(1) Drive Motor

The drive motor is an ac induction motor which drives
the input shaft of the variable speed converter. The
motor can operate under electrical supply variations of
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5 percent of rated frequency or 10 percent of rated
voltaqe.

{2) Generator

The variable frequency generator is driven by the output
shaft of the variable speed converter. During normal
operation, the qenerator exciter is powered by the drive
motor. The excitation of the generator is provided from
an auxiliary source during pump startup.

(3) Variable Speed Converter and Actuation Device

The variable speed converter transfers power from the
drive motor to the generator. The variable speed
converter actuator automatically adjusts the slip
between the converter input shaft and output shaft as a
function of the signal from the speed controller. If
the speed controller signal is lost, the actuator causes
the speed converter slip to remain "as is." Manual
reset of the actuation device is required to return the
speed converter to normal operation.

7.7 1 3.3.4 Speed Control Components

The speed control system, Fiqure 7.7-8, controls the variable
speed converters of both motor-generator sets. The M-G sets can
be manually controlled individually or jointly. Automatic
control is according to the turbine control mechanism load/speed
error signal. The master controller and the speed demand limiter
are common to the control of both M-G sets. The signal from
these two components is fed to two separate sets of control
system components, one set for each M-G set.'he control system
components for each M-G set are the following: a manual
automatic transfer station, a speed controller, a function
qenerator, a signal failure alarm, and a startup signal
qenerator.

7.7.1. 3. 3 4 1 Master Controller

The master controller is a manual/automatic controller that
provides a signal to automatically or manually control both
recirculation pumps with an interlock to the initial pressure
requlator. During automatic load following, the turbine
qenerator control mechanism supplies a load/speed error signal
which represents the mismatch between the steam being supplied to
the turbine generator and the steam required by the turbine
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generator to maintain constant speed. This load/speed error
signal is supplied to the master controller. During normal
automatic operation, the master controller transmits an output
signal to the speed controllers of each M-G set. The speed
controllers adjust their generator speed, hence pump speed,
according to the load/speed error signal requirement. A pressure
set point adjustment siqnal from the turbine controller goes
through the interlock switch on the master controller, during
automatic operation only, to the i.nitial pressure regulator.
This signal allows an immediate response by the turbine generator
to the changed load demand. Because of the pressure set point
adjustment, the turbine generator steam requirements can be met
durinq the time required for a new power level to be established
by the change in recirculation flow. The pressure set point
chanqe is effective only while a new reactor power level is being
established.

As an example of the use of the pressure regulator set point
adjustment, suppose an increase in plant load is demanded by an
increased turbine generator requirement. The turbine generator
demands more steam to maintain its constant speed. The turbine
controller allows the initial pressure regulator to adjust to a
lower nuclear system pressure. This temporary decrease in
pressure allowed immediately lets the turbine control valves open
to meet the turbine qenerator steam demand while the
recirculation flow change is being made Shen the recirculation
flow chanqe effects the increase in reactor power level, the
pressure regulator aqain controls nuclear system pressure at its
oriqinal set point.

~7.7- .3.3 4-2 ~seed Demadd Lieitez

The speed demand limiter is an adjustable high/low dual limiter
module Zt provides a limit on the maximum and the minimum M-G
set speeds which can be demanded by the master controller.
Normally, the master controller signal is between the speed
demand limiter limits, and the siqnal passes through the speed
demand limiter to the manual/automatic transfer stations for each
M-G set

7 7 1 3. 3 4.3 Manua~lAutomat~cTransfer Station

The manual/automatic transfer station, one for each M-„G set, is
manually ccntrolled with a tranfer switch. Mhile the M-G set is
being controlled by the master controller, the transfer switch is
positioned so that the manual controller is bypassed and the
master controller signal goes through the manual/automatic
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transfer station to'he speed controller. During startup, the
master controller signal is blocked by the transfer switch and
the output signal is generated and controlled by the
manual/automatic transfer station by operator ad justment

The speed controller, one for each M-G se~, transmits the signal
which adjusts the M-G set variable speed converter. The speed
controller compares its set point signal to the feedback signal
from the M-G set tachometer and adjusts its output to the speed
converter so that the feedback signal from the tachometer is made
to equal the set point signal. The speed controller set point
signal is received during autcmatic operation from the master
controller, during individual M-G set manual operation from the
manual/automatic transfer station, during pump startup from the
startup signal generator, and during low feedwater flow from the
speed demand limiter.

7 7.1.3. 3. 4~5si na~lF ilune ~A~au

If the signal to the M-G set variable speed converter drops below
10 percent normal minimum control signal, the signal failure
alarm, of which there is one for each M-G set, actuates an alarm
in the main control room and acts to prevent any change of slip
within the variable speed converter.

7.7 1.3.3 4 6 Stant~u Signal ~Gene aton

The startup siqnal generator, one for each M-G set, supplies the
set point signal to the speed controller during M-G set startup.
This adjusts the M-G set variable speed converter for
approximately 50 percent recirculation pump speed.

7 7 1.3 3.4 7 S eed Limiter

The speed limiter, one for each M-G set, is an adjustable high
limiter module. The speed controller set point signal is
automatically limited by the speed limiter if the recirculation
pump main discharqe valve is not fully open, or if the feedwater
flow is less than 20% of rated flow. The speed controller signal
will place the M-G set generator speed at approximately 20% rated
speed. If the recirculation pump discharge valve is partly
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closed, the recirculation pump may overheat. If the feedvater
flov is less than 15% of rated flov, sufficient steam voids may
be present in the recirculating vater to cause cavitation in the
recirculation pump or the jet pumps.

Each recirculation loop is independently put into operation by
operatinq the controls of each loop as follovs:

(1) The manual/automatic transfer station is svitched to
manual control and its output signal is adjusted to give
the desired generator speed, typically 20 percent of
rated speed, after the pump has started.

The M-G set, master controller, and speed controller are
functioninq during normal power operation. Any abnormal
operation of these components can be detected during operation.
The components that do not continually function during normal
operation can be tested and inspected for calibration and
operability during scheduled plant shutdovns. All the
recirculation flow control system components are tested and
inspected according to the component

manufacturers'ecommendations.This can be done during scheduled shutdowns.

7 7 1 3 4 Environmental Considerations

The recirculation flow control system is not required for safety
purposes, nor reguired to operate after the design basis
accident The system is reguired to operate in the normal plant
environment for power generation purposes only.

The only part of the recirculation flow control equipment in the
drywell is the pump motor and it is subject to the design
conditions environment specified in Table 3.11-1.

The logic control units and instrumentation are located in the
main control room and are subject, to that environment Refer to
Table 3 11-1.
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7 7.1 3.5 0 erational Considerations

7.7.1.3.5.1 General Information

Indicators and alarms are provided to keep the operator informed
of the status of system and equipment and to permit him to
quickly determine the location of malfunctioning equipment.
Temperature monitoring of the equipment is recorded and alarmedif safe levels are exceeded ,Indicators are provided to show
pump power requirements, M-G set speed, recirculation loop flow,
valve positions, and analog control signals, all of which
determine system status. Alarms are provided to alert the
operator to malfunctioning control signals, excessive cooling
water temperatures„ inability to change pump speed, and status of
M-G circulatinq lube oil supply.

7 7.1.3.5.2 Reactor 0 erator Information

Indication and alarms are provided to keep the operator informed
of the status of systems and eguipment, and to quickly determine
location of malfunctioning equipment.

Visual display consists of loop flow, valve position, and
controller output and input deviation meters. (Figure 7.5-1)
Alarms are provided to alert the operator of malfunctioning
control signals, inability to change valve position, condition of
the hydraulic system, pump, and motor, and temperatures of
cooling water. In most cases, alarms are supplemented by light
indicators to more closely define the problem area.

7 7.1 3.5.3 Set Points

The subject system has no safety set points.
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7.7.1.4 Feedvater Control System-Instrumentation and
~Cont ols

7 7 1.4 1 S stem Identification

7 7.1.4.1 1 General

The Peedvater Control System controls the flow of feedvater into
the reactor pressure vessel to maintain the water in the vessel
within predetermined levels during all plant operating modes.
The ranqe of water level is based upon the requirements of the
steam separators (this includes limitinq carryover and
carryunder, which affects turbine performance), and recirculation
pump operation and the need to prevent exposure of the reactor
core. The Peedwater Control System employs water level, steam
flov, and feedvater flov as a three-.element control.

.Single-element control is also available based on vater level
only. Normally, the signal from the feedvater flow is equal to
the steam flow signal; thus, if a change in the steam flow
occurs, the feedwater flow follovs. The steam flow signal
provides anticipation of the change in water level that will
result from change in load. The level signal provides a
correction for any mismatch between the steam and feedwater flow
which causes the level of the water in the. reactor vessel to rise
or fall accordingly.

7.7.1.4.1 2 Classification

This system is a power qeneration system and is classifed as not
related to safety.

7.7 1.~4..3 Refetence Des~in

Table 7. 1-2 lists reference design information. The feedvater
control system is an operational system and has no safety
function Therefore, there are no safety differences between
this system and those of the above referenced facilities. The
subject system is functionally identical to the referenced
system.
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7.7. .4.2 P ~ve So~u ces

The feedwater control system power is supplied by three
independent sources such that no single power failure can
incapacitate more than one level sensing element. Power for tvo
of the three level sensing channels is supplied from the plant
125 V dc batteries and the other channel is powered from a 120 V
ac Enstrumentation Power bus.

7.7 1.4.3 E ui ment Desi n

7 7. 1 4. 3. 1 General

During normal plant operation, the feedwater control system
automatically requlates feedwater flow into the reactor vessel.
The system can be manually operated. (see Figure 7.7-9.)

The feedwater flow control instrumentation measures the vater
level in the reactor vessel, the feedvater flow rate into the
reactor vessel, and the steam flow rate from the reactor vessel.
During automatic operation, these three measurements are used for
controlling feedwater flov.
The optimum reactor vessel water level is determined by the
requirements of the steam separators. The separators limit water
carry-over in the steam going to the turbines and limit steam
carry-under in water returning to the core. For optimum
limitation of carry-over -and carry-under, the steam separators
require that the reactor vessel water level decrease functionally
as reactor pover level increases. The water level in the reactor
vessel is maintained within i 1.5 inches of the optimum level.
This control capability is achieved during plant load changes by
balancing the mass flov rate of feedwater to the reactor vessel
vith the steam flow from the reactor vessel. The feedvater flov
is regulated by controlling the speed of the turbine-driven
feedwater pumps to deliver the required flow to the reactor
vessel.

7.7.1.4.3 2 Reactor Vesse Mater Level~easurement

Reactor vessel narrow range water level is measured by two
indentical, independent sensinq systems. For each channel, a
differential pressure transmitter senses the difference betveen
the pressure caused by a constant reference column of vater and
the pressure caused by the variable height of water in the
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reactor vessel. The differential pressure transmitter is
installed on lines that serve other systems. (See Subsection
7.7.1.1). The differential pressure signals are used for
indication and control. The narrow range level signal from
either sensing channel can he selected by the operator as the
signal to be used for feedwater flow control. The selected
narrow range water level and wide range water, level signals are
continually recorded in the main control room. A- third level
sensing channel (upset range) is used in conjection with the two
control channels to provide failure tolerant trips of the main
turbine and feed pump prime movers. All three reactor .level
signals and reactor pressure are indicated in the main control
room.

Steam flow is sensed at each main steamline flow restrictor by a
differential pressure transmitter. A signal proportional to the
true mass steam flow rate is linearized and indicated in the main
control room. The signals are summed to produce a total steam
flow signal for indication and feedwater flow control. The total
steam flow signal is recorded in the main control room.

7 7.1.4.3 4 Peedwater Flow Measurement

peedwater flow is sensed at a flow element in each feedwater line
by differential pressure transmitters. Each feedwater signal is
linearized and than summed to provide a total mass flow signal
which is recorded in the main control zoom

7 7.1.4.3.5 Feedwat~er Level Control

The level controller and the manual/automatic transfer station
produce the feedwater control signal. The signal can be
controlled either manually or automatically.

The level controller contains a set point deviation meter, and an
indicator that displays the corrected level signal, a manual-
output control with indicator, and a manually operated level set
point scale. Input to the controller is derived from one of two
sources. The single-element source is the reactor water level.
The three-element source includes measurements of steam flow,
feedwater flow, and reactor water level. Either input can be
selected. During automatic operation of the feedwater control
system, the level controller output is proportional to the level
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error in the system. During manual operation, output is set and
indicated at the controller.
Selection of automatic or manual control is made at the
manual/automatic transfer station (one for each feedwater control
system) . The station is a manual controller with a transfer
switch and output indicator. Shen each system is controlled by
its level controller, the transfer switch bypasses the manual
controller, and the level controller signal goes through to the
turbine-driven feedwater pumps. For manual control, the transfer
switch blocks the level controller signal, and the operator
provides the feedwater control signal at the manual/automatic
transfer station. Durinq normal automatic operation, the op'timum
reactor vessel water level is automatically determined.

The feedwater control system uses the three-element control
signal to maintain reactor vessel water level within a small
margin of optimum water level during plant load changes. This
signal is obtained as follows. The total steam flow signal and
the total feedwater flow signal are fed into a proportional
amplifier. The output from this amplifier reflects the mismatch
between its input signals. The output is designated as the steam
flow/feedwater flow error siqnal. When steam flow exceeds
feedwater flow, the amplifier output is increased from its normal
value. The reverse is also true. This amplifier output is fed
to a second proportional amplifier, which also receives the
reactor vessel water level signal. The reactor vessel water
level siqnal is added to the steam flow/feedwater flow error
siqnal to produce the three-elemen't control signal. Then it is
passed on to the level controller as a modified level input. The
controller compares this against the set point and provides the
final control signal.

7 7.1.4.3 5 1 Interlocks

The level control system also provides interlocks and control
functions to other systems. Mhen one of the reactor feed pumps
is lost and coincident or subsequent low water level exists,
recirculation flow is reduced to within the power capabilities of
the remaining reactor feed pumps This reduction aids in
avoidiaq a low level scram by reducing the steaming rate.
Reactor recirculation flow is also reduced on sustained low
feedwater flow to ensure that adequate NPSH will be provided for
the recirculation system.

Interlocks from steam flow and feedwater flow are used to
initiate insertion of the rod worth minimizer block. An alarm on
low steam flow indicates that the above rod worth minimizer
insertion interlock set point is being approached. Alarms are
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also provided for (1} high and low water level and (2) reactor
hiqh pressure Interlocks will trip the plant turbine and
feedwater pumps in event of reactor high water level.

7.7.1. 4. 3. 6 Turbine Driven Feedwater Pump Control

Feedwater is delivered to the reactor vessel through turbine-
driven feedwater pumps, which are arranged in parallel. The
turbines are driven by steam from the reactor vessel. During
planned operation, the feedwater control signal from the level
controller is fed to the turbine speed control systems, which
adjust the speed of their associated turbines so that feedwater
flow is proportional to the feedwater demand signal. Each
turbine can be controlled by its manual/automatic transfer
station. Xf the feedwater control to the turbine signal is lost,
an alarm unit in the feedwater control circuit causes the turbine
speed control system to lock the turbine speed "as is" and
initiates an alarm in the control room. The level controller,
and the manual/auto transfer stations associated with each
turbine speed controller, are the "bumpless transfer" types.

7 7 1 4 3 7 Testabili~t

All feedwater flow control system components can be tested and
inspected according to manufacturers'ecommendations. This can
be done prior to plant operation and during scheduled shutdowns.
Reactor vessel water level indications from the three water level
sensing systems can be compared during normal operation to detect
instrument malfunctions. Steam mass flow rate and feedwater mass
flow rate can be compared during constant load operation to
detect inconsistencies in their signals. The level controller
can be tested while the feedwater control system is being
controlled by the manual/automatic transfer stations.

7 7 1.4 4 Environmental Considerations

The feedwater control system is not required for safety purposes,
nor is it required to operate after the design basis accident
This system is required to operate in the normal plant
environment for power generation purposes only. The reactor feed
pumps'in the turbine building experience the normal design
environments listed in Table 3.11-1.
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7 7 1~4,-5.-l - - General Informgtion

The level controller is located in the main control room where,
at the operator's discretion, the system can be operated either
manually or automatically via the manual/auto control selector.
Nanual control of the individual feedwater reactor turbine driven
pumps is available to the operator in the main control room.
This includes control of any low flow feedwater bypass valve that
may be used for startup when steam is not available to run the
turbine driven reactor feed pumps.

Zn event of loss of feedwater, the reactor will automatically
scram as a result of low water level (trip level 3) Reactor
water level will continue to decrease until low water level (trip
level 2) is reached. The main steamlines will automatically
close and the HPCI and RCIC systems automatically start and water
level will be maintained.

7.7..1..4 5 2 - Reactor ooerator Information

Indicators and alarms, provided to keep the operator informed of
the status of the system, are as noted in previous subsections.

7.7. l.. 4. 5..3 ~ Se t Po in ts.

The subject system has no safety set points.

7 7. 1. 5 Pressure Requlator and Turbine-Generator Control
. 5zsizm-

7 7. 1 .5.1" Power .Generation Desian Bases

The pressure requlator and turbine-generator control system must
maintain a constant turbine inlet pressure (within the range of
the regulator controller proportional load setting) with load
followinq capability. In conjunction with the reactor
recirculation flow control system, the reactor pressure is
controlled from startup, through normal operation, and to
shutdown.
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The control, system must control the speed and the acceleration of
the turbine f rom zero to 100 percent of rated speed.

The control system must match the'nuclear steam supply to the
steam requirements as determined by the load requirement.

7 A b lock diaqram of the turbi ne contro ls is shown in Figure 7. 7-

15'.-7-

1.-5. 2- ~ Pe.wer. Sources

Power for the pressuze regulator and turbine-generator control
system is supplied by a 120 Vac, 60 Hz, single phase,uninterruptible powez. supply and a 125 V dc station battery. See
Subsections 8.3. 1. 8. and 8.3. 2,1.1.8.
A permanent maqnet qenerator (PMG] on the turbine shaft supplies
115 Vac 3 phase. 420 .Hz for speeds above 1800 RPM.

7 7.-1 -5 -3 Eauimaent Desian

7 7- 1 5. 3.-1- ~ -System Desc-riotion

The turbine-qenerator control system is a GE Mark I
Electrohydraulic Control tEHC) system Solid state controlcircuitry in combination with hiqh pressure hydraulic systems
provide schemes fear turbine steam pressure requlation, steam
bypassinq to condenser. turbine speed.control ling, and load
followinq capability.

7. 7..-1 5 3. 2 Steim Pressure Cont rol

The steam pressuze control unit composes the actual main steam
pressure with the de ired reference pressure, determined by'the
load requirement ~ and generated.a total steam flow demand.

The pressure reference siqnal is produced by a motor-operated
device that can be operated by local pushbuttons on remote
control siqna ls.
The modified pressure erzor siqnal is produced redundantly hy
redundant .devices. The two pressure error signals are fed into a
qatinq circuit tha't accepts the lower pressure as a control
siqna 1 'ith the higher becoming the backup.
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The steam pressure control unit provides the control valve flow
signal and bypass control unit and automatic load following
signals.

7 7. 1. 5. 3 3 Steam B~ass System

The steam bypass control unit compares the desired control valve
flow signal with the total steam flow signal. The resulting
error signal which is biased from 5 to 15% to prevent continuous
opening and closing of the bypass valves. provides the desired
bypass valve flow signal.
The bypass valve jack is a motor-operated device used for setting
a bypass valve, position reference during startup and,shutdown of»
the reactor. This motor-operated device can be operated by local
pushbuttons or remote control signals.

Limit 'signals are also produced by the maximum combined flow
limit and the condenser vacuum pressure switches.

7 7 1.5;3.4 Turbine ~S eed ~S stem/Load Control System
I

The speed control unit compares the actual turbine speed with the
desired speed reference, and the actual acceleration with the
desired acceleration reference to provide an error signal to the
load control unit.
When the speed reference signal changes by a step, the
acceleration control takes over to accelerate the turbine, at the
selected rate, to the new speed reference. Upon a decrease of
the speed reference, the turbine will coast down with the valves
closed. ,The valves will reopen when the new desired speed is
reached.

I

Because of the extreme importance in safeguarding against
overspeed, the speed control unit has two redundant channels.
Loss of both speed signals will shut down the turbine.

The load control unit provides flow control signals to the
control valves and integral valves, and modified speed error and
load reference signals to the automatic load following circuit.
The load reference signal is produced by a motor-operated device
that can be operated by local pushbuttons or remote control
s igna ls.
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The load reference device can be calibrated for rated speed and
steam conditions independent of speed regulation. When the
generator is not on the line, the load reference signal is a
speed adjustment and is used for synchronizing the turbine.
When the, generator loses the electrical load, the load control
unit initiates the action to rapidly close the control valves and
the intercept valves to essentially stop the steam flow to the
turbine.

7.7. 1.5.3.5 Turbine Generator to Reactor Protection System
Interface

Two conditions initiate reactor scram, turbine stop valve
closure, and turbine .control valve fast closure when reactor
power is about 30 percent of rated.

The turbine stop valve closure signal is generated before the
turbine stop valves have closed more than 10 percent. This
signal originates from position switches that sense stop-valve
motion away from fully open. Four limit switches are provided
equally among the turbine stop valves. The switches are closed
when the stop valves are fully open and open within
10 milliseconds after the setpoint is reached. The switches are
electrically isolated from each other and from other turbine
plant equipment.

The control valve fast closure signal is generated by four
turbine oil line pressure switches which sense hydraulic oil
pressure decay. The switches are closed when the valves are open
and open within 30 milliseconds after the control valves start to
close in a fast closure mode.

Pour turbine first-stage pressure switches, .which measure
equivalent steam flow, are provided for bypassing the stop valve
closure and control valve fast closure inputs at reactor power
levels below 30 percent.

7.7.1.5.3.6 Turbine-Generator to Nain Steam Isolation
~S stem Interface

The turbine-generator interfaces the main steam isolation system
through the condenser vacuum switches. Four independent main
condenser vacuum switches provide isolating signals to the main
steam isolation valves. Each vacuum switch has its own isolation
(root valve) and pressurizing source connection for testing.
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Pressure switch contacts open on los vacuum. Condenser vacuum
switches are also discussed in Subsection 7.3.1.1a.2.4.1. 13.
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Testinq controls are provided for testing the turbine valve
reactor protection system interface signal switches.

Each stop valve is individually actuated to the 10 percent closed
point.

Stop valves are actuated in pairs to the 10 percent closed point,
one pair at a time: 1 and 2, 3 and 4, 1 and 3, and 2 and 4.

One control valve fast closure hydraulic oil pressure switch is
actuated at a time by actuating test valves in the pressure
switch sensing line.
Each main condenser low vacuum switch is individually tested.

7.7 1.5 4 Environmental Considerations

The turbine-generator control system is required to operate in
the normal plant environment for power generation purposes only.

Instruments and controls on the turbine that experience the
turbine building normal design environment as listed in Table
3- 11-1.

The logic, remote control units, and instrument terminals located
in the control structure experience the environment as listed in
Table 3.11-1.

7.7.1.5 5 0 e ational Considerations

Process variables which are controlled by the pressure regulator
and speed/load control systems are displayed on the turbine-
generator section of the main control board. Manual and
automatic control modes for the various turbine-generator
operational modes (such as startup, normal operation, and
shutdown) are available to the operator from the main control
board. Auto display lights are provided to inform the operator
of the operating mode of the turbine-generator unit.
In the event of control malfunction during an automatic control
mode, control is transferred to the manual mode, with an alarm to
alert the operator of the condition.
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7.7.1 6 Neutron Monitoring System — Traversing In-core Probe

7. 7. 1 6 1 ~Sstem Ident ification

7.7.1.6 1 1 General

Flux readings along the axial length of the core are obtained by
fully inserting the traversing ion chamber into one of the
calibration guide tubes, then taking data as the chamber is
withdrawn. The data goes directly to the computer. One
traversing chamber and its associated drive mechanism is provided
for each group of up to nine fixed in-core assemblies.

The control of the subject system is discussed in this section.

7.7.1.6. 1 2 Classification

This system is a power generation system, and is classified as
not related to safety.

7.7.1.6.1.3 Reference D~esi n

Table 7. 1-2 lists reference design information. The subject
instrumentation and control system is an operational system and
has no safety function. Therefore, there are no safety design
differences between this system and those of the reference design
facilities. This system is functionally identical to the
referenced system.

7.7.1 6. 2 Power Sources

The power for the subject system is supplied from the instrument
ac power source.
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7 7.1.6 3.1 General

The number of TIP machines is indicated in Figure 7.6-4. The TIP
machines have the following components:

(1) One Traversinq in-core probe (TIP),

(2) One drive mechanism,

(3) One indexing mechanism, and

(4) Up to 10 in-core guide tubes.

The subsystem allows calibration of LPHN signals by correlating
TIP siqnals to LPBN signals as the TIP is positioned in various
radial and axial locations in the core The guide tubes inside
the reactor are divided into groups. Each group has its own
assocaited TIP machine.

A TIP drive mechanism uses a fission chamber attached to a
flexible drive cable (Pigure 7.7-14). The cable is driven from
outside the drywell by a gearbox assembly. The flexible cable is
contained by guide tubes that penetrate the reactcr core. The
guide tubes are a part of the LPRN detector assembly. The
indexing mechanism allows the use of a single detector in any one
of ten different tube paths. The 10th tube is used for TIP cross
calibration with the other TIP machines. The control system
provides for both manual and semi-automatic operation.
Electronics of the TIP panel amplify and display the TIP signal.
Core position versus neutron flux is recorded on an X-Y recorder
on a backrow panel in the main control room and is provided to
the computer., A block diagram of the drive system is shown in
Figure 7.7-10. Actual operating experience has shown the system
to reproduce within 1.0% of full scale in a sequence of tests

'Reference7.7-1.)

The TIP system equipment is placed outside but must penetrate an
area where containment integrity is needed, the following TIP
isolation system is provided. A valve system is provided with a
valve on each guide tube entering the drywell. These valves are
closed except when the TIP is in operation. A ball valve and a
cable shearing valve are mounted in the guide tubing just outside
the drywell. They maintain the leak tighness integrity of the
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drywell. A valve is also provided for a nitrogen gas purge line
to the indexinq mechanisms. A guide tube ball valve opens only
when the TIP is beinq inserted The shear valve is used only is
a leak occurs when the TIP is beyond the ball valve and power to
the TIP fails. The shear valve, which is controlled. by a
manually operated keylock switch, can cut the cable and close off
the quide tube. The shear valves are actuated by detonation
squibs

The continuity of the squib circuits is monitored by indicator
lights in the main control room Upon receipt of containment
isolation command from the NSSS, all machines are put in
automatic full speed withdraw condition, removing the TIP
detector from the containment and allowing the ball valves to
close. The purge valve is also closed at this time.

7.7 1.6. 3 3 Testabili~t

The TIP equipment is tested and calibrated using heat balance
data and procedures described in the instruction manual.

7.7.1.6 4 Environmental Considerations

The equipment and cabling located in the drywell are designed for
continuous duty up to 150~F and 100% relative humidity.

7.7.1 6 5 ~O erational Considerations

The TIP can be operated during reactor operation to calibrate the
APRNs. The sub ject system has no safety set points.

7. 7.1.7 Plan~tCom uter SIstem-Instrumentation

The plant computer systems are identified below.
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7.7. 1.7. 1 ~Sstem Identification

The plant computer system consists of the followinq:
1. Display Control System (DCS)

2. Performance Monitoring System (PMS) for items other than
the NSSS computer system.

3. NSSS Computer System.

7 7.1.7.1.1 General O~b ectives

The objectives of the DCS system are to monitor unit operation,
generate qraphic displays for operator use and optimize operation
surveillance. The objectives of the PMS system are to perform
BOP calculations, log data, make historical records, generate
graphic displays and alarm status summary display, and provide
off line capabilities. The objectives of the NSSS computer
system are to provide a quick and accurate determination of core
thermal performance; to improve data reduction, accountinq, and
loqginq functions; and to supplement procedural requirements for
control rod manipulation during reactor startup and shutdown.

7.7 1.7.1.2 Classification

The plant computer system is a power generation system. All
three systems are classified as not related to safety.

7 7.1.7.1 3 Reference DesicSn

Table 7.1-2 lists similarities of reference design information
for Susquehanna SES compared to other plants. There are no
safety-related design differences between the NSSS computer
system and those of the reference design facilities. The NSSS
software is functionally identical to the reference system. The
DCS and PMS systems have no counterpart in the referenced system.
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7.7.1 7 2 Power Sources

The power for the plant computer system is supplied from a
designated uninterruptible power supply backed up by an
engineered safeguard supply (standby power) See Subsection
8 3.1 8

A block diagram of the plant computer system is shown in Figure
7 7-12

7. 7. 1.7. 3. 1 circuit Deu~cri t'icu

The Plant Computer System consists of eight processors, common
core, and the associated -peripheral eguipment as shown in Figure
7.7-12 The processors are random access memory - units which
utilize a 24-bit word and have a basic cycle time of 800
nacroseconds and a maximum total memory access time of 1.2
microseconds.

7 7 1 7. 3 1. 1 ~Sstem Hardware Or~an ization

The equipment is grouped to form the Display Control System and
the Performance Monitoring System. The Performance Monitoring
System is further broken down into several subsystems, Nuclear
Steam Supply (NSS), Balance of Plant/Operator I/O (BOP/OIO) and
Historical Records/Program Development (HRPD)

These systems communicate through a shared multiported core
memory and a supplementary interprocessor interrupt network. The
shared memory functions both as a common data storage device and
an interprocessor communications buffer. A shared bulk memory is
provided for common access of display formats by the BOP/OIO and
DCS processors. This capability is provided by a multi-access
bulk memory which connects to the BOP/OIO and the two DCS
processors.

Each system, except HRPD interfaces to the plant process through
remote I/O units, referred to as Bemote Analog Units (RAU) and
Remote Digital Units (RDU). These units monitor, signal
condition the measurements, digitize the analog measurements, and
send the resulting data to a .local controller and computer
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interface module. The RDU also has the ability to output analog
and diqital siqnals to the process. The computer which accepts
these digitized measurement values is the Data Acquisition
Processor (DAP). The exception is the NSS processor which
acquires the process data directly from the RDU's and RAU's. The
DAP is a 4400 process computer with high speed core memory, and a
transparent synchronous data link (TSDL) which enables full
duplex serial communications to the host processor.

The Host Processor is another 4400 Process Computer with hiqh
speed core memory, transparent data links and a number of
peripheral devices dependinq upon the subsystem. Included in
these peripheral devices are CRT video monitors/Display
Generators which provide a color presentation of plant variables,
alarms etc. to the plant operators.

The processors on DCS are arranged in a redundant configuration
with an inactive Host Processor {DCP) as an operational standby
to the active Host Processor (DCP). Both Host Processors operate
on the same process data from the DAP's with only the active Host
Processor being able to communicate with the video display
generators.

. The DCS is under the surveillance of an independent Test and
Reconfiguration Unit (TRU) . The TRU determines the operational
status of the ma d'or elements of the DCS, annunciates this status
to the operator, and activates switchover hardware in the event
of a failure of the active DCP.

The NSS subsystem inputs Process I/O points directly. to the Host
Processor from the RDU and RAU. The processor and peripherals
are dedicated to calculations and operations associated with the
nuclear steam, supply. The only data link to the other subsystems
is throuqh common memory.

The HRPD subsystem performs the historical recordinq, retrieval
and analysis functions which have no requirement for direct
process inputs; therefore, it does not contain RAU's or RDU's.
The peripherals contained on this system are also related to it'
secondary function of program development.

7 7 1 7 3.1 2 D~is l~aControl ~Sstem

The DCS consists of the following units:

a.
b.
co
d~
e.

Remote Analog Units (RAUs)
Remote Digital Units (RDUs)
Data Acquisition Processors (DAPs)
Display Control Processors (DCPs)
Display Generators (DGs)
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Video Monitors (CHTs)
Drum Memories
Test and Reconfiguraticn Unit (TRU)
Data Links
Operator Interface Hardware

The DCS collects the unit process data and drives the video
monitors located on the Unit Operating Benchboard.

The RAUs and RDUs, under control of Data Acquisition Processors,
scan the analog and digital measurements from process
instrumentation, signal condition the measurements, digitize the
analog measurements, and send the resulting data to the DAPs, as
directed by the DAPs.

DAPs adjust the data by performinq gain compensation, offset
correction, digital filtering, sensor drift limiting, and sensor
calibration. The data is checked 'for error conditions, range
limits, and siqnificant changes. Data which changes
significantly is sent by each DAP to both DCPs. This data is in
enqineerinq units.
The DCPs are arranged in a redundant configuration with the
inactive DCP an operational standby to the active DCP. Both DCPs
operate on the same process data from the DAPs, with only the
active DCP being able to communicate with the DGs.

Each DCP updates its data base vith data from the DAPs, formats
the data in accordance with the formats selected for each video
monitor and, in the case of the active DCP, outputs the formatted
data to the video monitors through the display generators.

The video monitor (CRT) displays are controlled by either of two
operator actions. There is a "Master Display Control Panel" in
the center section of the operating benchboard, plus a Format
Selection Switch and a" System Assignment Svitch associated vith
each CRT. One of the Format Assiqnment Switch positions vill be
indicated as the MASTER position When, the individual Format
Selection Svitch is in the MASTER position, the format displayed
will be the one selected by the operator at the "Master Display
Control Panel". From this position, the operator can change the
formats on all of the CRTs simultaneously and display the format
which is appropriate to the operating activity of the Unit. The
operator can choose any of the displays available in a system
from the local Format Selection Switch

7.7-44



SSES-FSAR

7 7 1.7 3.1 3 Performance Monitorin~Sstem

The PMS consists of the following units:
Remote Analoq Units (RAU)
Remote Diqital Units (RDU)
Data Acguisition Processor (DAP)
Nuclear Steam Supply Processor (NSSP)
Balance of Plant and Operator 'Interface Processor (BOPP)
Historical Records and Program Development Processor (HRPDP)
Display Generators (DG)
Video Monitors (CRT)
Video Keyboards
Common Core Unit (CCU)
Drum Memories
Disc Memory
Magnetic Tape Memory
Video Copier
Typewriter (Terminet)
Cassette Memory
Line Printer
Card Reader
Data Links

The RAU's and RDU's scan the analog and digital measurements from
plant instrumentation, siqnal condition the measurements,
digitize the analog measurements, and send the resulting data to
one of several DAP's.

The DAP is used as a pre-processor to reduce loadinq on the BOPP
by performing the followinq adjustments to data: gain
compensation, offset correction, digital filtering, sensor drift
limitinq, and sensor calibration. The data is checked for error
conditions, range limits, and siqnif icant changes Data which
chanqes significantly is sent, to the BOPP in engineering units.
The NSSP performs the same functions as the DAP plus the
calculations and operations associated with the nuclear steam
supply. The NSSP has a drum memory for bulk storage and
typewriters with cassette storaqe for operator interface.
The BOPP performs the calculations and operations associated with
the balance of plant. The BOPP has a drum memoray for bulk
storage. It can receive information from the DCS through the CCU
and can communicate with the DCS drum memory. It outputs through
display qenerators to video monitors. Line printers are also
available for output, and the BOPP has a link with the Power
Control Center (PCC) computer. Operator interface is with a
typewriter and video keyboards.
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The HRPDP peforms the historical recording, retrieval and
analysis functions as well as the program development function.
Lt has a disc for recording data received from the CCU. Data
from the disc is periodically transferred to HRPD magnetic tape
units for long term storage. The HRPDP can output through a
display qenerator to a video monitor which is switchable from
BOP. The HRPD also has a line printer for output and a card
reader for input.

7 7 1 7. 3.2 Testabil~it

The NSSS computer system has some self-checking provisions. Xt
performs diagnostic checks to determine the operability of
certain portions of the system hardware and performs internal
programming checks to verify that input signals and selected
program computations are either within specific limits or within
reasonable bounds.

7 7.1.7 4 Environmental Considerations

All the computer equipment, except for peripherals, is designed
for continuous duty up to 120~P, 95K relative humidity ambient.
The peripherals are designed to operate at 84~F and 60% relative
humidity ambient. This equipment is installed in an air-
conditioned room.

7 7.1.7.5 Operational Considerations

7.7.1.7. 5.1 General Information

The local power'ensity of every 12-inch segment for every fuel
assembly is calculated, by the HSSS computer system, using plant
inputs of pressure, temperature, flow, LPRN levels, control rod
positions, and the calculated fuel exposure. Total core thermal
power is calculated from a reactor heat balance. Iterative
computational methods are used to establish a compatible
relationship between the core coolant flow and core power
distribution. The results are subsequently interpreted as local
power at specified axial segments for each fuel bundle in the
core.

After calculating the power distribution within the core, the
computer uses appropriate reactor operating limit criteria to
establish alarm trip settings (ATS) for each LPRH channel. These
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settinqs are expressed as maximum acceptable LPRM values to which
the actual scanned LPRM readings are compared. The scanned LPRM ~

when exceeding the ATS, will sound an alarm and thereby assist
the operator to maintain core operation within permissible
thermal limits established by prescribed maximum fuel rod power
density and minimum critical power ratio criteria.
The core power distribution calculation sequence is completed
periodically and on demand. The sequence requires approximately
10 minutes to execute. Subsequent to executing the program the
computer prints a periodic log for record purposes.

Each LPRM reading is ordinarily scanned once per minute. During
power level changes, as sensed by a rod withdrawal or by an APRM
channel, the scan rate is increased to once every 5 seconds.
This fast core monitoring during power level changes is initiated
automatically by the HSSS processor and, together with
appropriate computational methods, provides nearly continuous re-
evaluation of core thermal limits with subsequent modification to
the LPRM ATS based on the new reactor operating level. Execution
of these rapid computations does not exceed 3 minutes and yields
ATS values that are conservative with respect to the more
accurate periodic power distribution calculation, which requires
approximately 10 minutes to execute. This range of surveillance
and the rapidity with which the computer responds to reactor
changes permit more rapid power maneuvering with the assurance
that thermal operating limits will not be exceeded.

Flux level and position data from the traversing in-core probe
(TIP) equipment are read into the computer. The computer
evaluates the data and. determines gain adjustment factors by
which the LPRM amplifier gains can be altered to compensate for
exposure-induced sensitivity loss. The LPRM amplifier gains are
not to be physically altered except immediately prior to a whole
core calibration using the TIP system. The gain adjustment
factor computations help to indicate to the operator when such a
calibration procedure is necessary.

Usinq the power distribution data, a distribution of fuel
exposure increments from the time of previous power distribution
calculation is determined and is used to update the distribution
of cumulative fuel exposure. Fach fuel bundle is identified by
batch and location, and its exposure is stored for each of the
axial seqments used in the power distribution calculation. These
data are printed out on operator demand.

Exposure increments are determined periodically for each quarter-
lenqth section of each control rod. The correspondinq cumulative
exposure totals are periodically updated and printed out on
operator demand.
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The exposure increment of each local power range monitor is
determined periodically and is used to update both the cumulative
ion chamber exposures and the correction factors for exposure-
dependent LPRN sensitivity loss. These data are printed out on
operator demand.

The NSSS computer system provides on-line capability to determine
monthly and on-demand isotopic composition for each one-quarter-
length section of each fuel bundle in the core. This evaluation
consists of computinq the weight of one neptunium, three uranium,
and five plutonium isotopes as well as the tota1 uranium and
total plutonium content. The isotopic composition is calculated
for each one-quarter length of each fuel bundle and summed
accordinqly by bundles and batches. The method of analysis
consists of relating the computed fuel exposure and average void
fraction for the fuel to computer stored isotopic characteristics
applicable to the specific fuel type.

7.7.1.7.5.2 Reactor Operator Information

Nagor components are arranged as shown in Figure 7.7-13.
Functional description and operational arrangement is as follows:

Unit OJerati~n Benchboard (Panel C651) — houses controls,
annunciators and displays, includinq the cont rol rod position
display. The primary process displays are computer generated CRT
formats from the DCS and PNS computers. All variables in the DCS
displays that are required for unit operation, startup and
shutdown are displayed on hardwired indicators on either t,he Unit
Operatig Benchboard or the Standby Information Panel. These
variables in both CRT and hardwired displays generally orginate
from the same source.

~standb Information Panel (C652( — houses harduired indicators
and recorders required to startup, run, and shutdown the plant
without the use of the Display Control System. It is a hardwired
backup to the DCS.

seactor core Co~olin S stem BB (C601) — houses hardmired
indicators, recorders, annunciators and controls for unit BOP
system's functions which do not require the operator's immediate
attention during normal operation of the power plant. Functions
on this panel have been determined to be long ti;me response
functions.
Plant Benchboard {C653) — houses hardwired indicators, recorders
annunciators and controls for systems which are common to Units 1
and 2. It also houses two CRT's connected to the Performance
Monitorinq System (PNS) .
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Unit N~on ter~in ~ro sole (C684) — provides the unit operator sit
down surveillance of the Unit Operating Benchboard and access to
DCS and PNS CRT displays with the use of a selection keyboard.

Plant Monitoring Console (C683) — provides sit down surveillance
of both units and keyboard access to computer functions of both
units. There is also computer generated trend recording of
variables from either unit.
The annunciator system is a hardwired system which provides the
operator with the alarm information required for unit operation,
startup, and shutdown. This system is independent of the Plant
Computer System although the computer system does provide
redundant and auxiliary alarm information as AID's through the
DCS and the alarm status summary CRT display from the PNS.

The Display Control System collects unit process information and
presents it on nine of the ten video displays (CRTs) on the Unit
Operatinq Benchboard. One of these nine CRTs is normally
connected to the PNS computer system and tabulates all actuated
alarms. This CRT may be manually switched to the DCS if
operatinq conditions should require. The tenth CRT is connected
to the PNS for operator I/O functions.

Approximately 60 display formats are available to t,he operator to
present process information according to operating mode of the
plant.
The DCS makes use of redundant computers which are both updated
with current information. Either computer may be automatically
or manually switched into operation thus maximizing availability.
As stated above, the information presented by the DCS is also
displayed in parallel on hardwired indicators and recorders, and
alarm information presented in OCS displays is redundant or
auxiliary to that provided by the hardwired annunciator system.
Thus, the DCS is completely backed up with hardwired information
in the event of computer failure. While the operator makes
primary use of the computer generated displays, he is not
dependent on computers.

DCS displays are arranged by system. Each system has a set of
formats. Each format is appropriate to an operating mode of the
plant. The operator's designation of the plant operating mode by
depressing a pushbutton will automatically cause a format
appropriate to that mode to be displayed on each system CRT.
However, the format on any CRT may be manually selected by the
operator.

Each system format uses the bottom lines for Alarm Initiated
Displays (AID) . When certain variables in the DCS reach a
predetermined limit, {generally the limit is prior to an actual
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alarm or trip limit) the variable appears in the bottom lines
along with other preselected variables. This display provides
the operator with specific pre-trip information which is designed
to allow him to take action to prevent the trip or alleviate its
effects.

7.7 1.8 Reactor Water Cleanup (RWCU) System-Instrumentation
and Controls

7.7 1.8.1 ~S stem Identification

7. 7. 1. 8. l. 1 General

The purpose of the reactor cleanup system instrumentation and
control is to provide protection for the system eguipment from
overheating and overpressurization and to provide operator
information concerning the effectiveness of operation of the
system.

This is a power generation system and is classified as not
related to safety.

7 7 1.8.1 3 Reference Desicin

Table 7. 1-2 'lists reference design information. The subject
control system is an operational system and has no safety
function. Therefore, there are no safety design differences
between this system and those of the reference design facilities.
This system is functionally identical to the referenced system.

7.7.1 8.2 Power Sources

The RWCU system instrumentation and controls are fed from the
plant instrumentation bus. No backup power source is necessary
since the RWCU system is not a safety related system. Adequate
fuse protection is provided so that a short circuit within the
system will have only a local effect which can be easily
corrected without interruptinq the reactor operation.

7 7-50



SS ES- FS AR

7 7.1.8. 3 ~F. ui ment Desi n

7.7 1 8 3.1 General

The reactor water cleanup system is described in Subsection
5.4.8. This subsection describes ! ) t the systems used to protect
the resin and the filter-demineralizer. These circuits are shown
in Figure 5. 4-16 and the operating logic is shown in Figure 7.7-
11

7.7.1.8. 3.2 Circuit Dee~cri tiun

To prevent resins from enteriaq the reactor recirculation system
in the event of a filter-demineralizer resin support failure, a
strainer is installed on the outlet of each f ilter-demineralizer
unit. Each strainer is provided with a control room alarm, which
is energized by high differential pressure. A bypass line is
provided around the filter-demineralizer units for bypassing the
units when necessary. Figure 5.4-18 describes the filter-
demineralizer instrumentation and control.
Relief valves and
equipment against
overheatinq. The
reasons indicated
occurrences:

instrumentation are provided to protect the
over-pressurization and the-resins against
system is automatically isolated for the
when signaled by any of the following

(1) High temperature downstream of the nonregenerative heat
exchanqer — to protect the ion exchange resins from
deterioration due to high temperature,

(2) Reactor vessel low water level — to protect the core in
case of a possible break in the reactor water cleanup
system piping and equipment (see Subsection
7. 3. l. la. 2. 4.3.. 1) .

(3) Standby Liquid Control System actuation — to prevent
removal of the boron by the cleanup system filter-
demineralizers,

(4) High cleanup system ambient temperature — (part of the
plant 1eak detection system),

(5) Hiqh temperature increase across the system's
ventilation ducts -'part of the plant leak detection
system),
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(6) High change in system inlet flow in comparison to the
system outlet flow — (part of the plant leak detection
system) .

In the event of low flow or loss of flow in the system, flow is
maintained throuqh each filter-demineralizer by its own holding
pump. Sample points are provided upstream and downstream of each
filter-demineralizer unit for continuous indication and recording
of system conductivity. fligh conductivity is annunciated in the
main control room. The influent sample point is also used as the
normal source of reactor coolant samples. Sample analysis also
indicates the effectiveness of the filter-demineralizer units.

7 7 l.8. 3. 3 Testa b ilia
Because the reactor water cleanup system is usually inservice
durinq plant operation, satisfactory performance is demonstrated
without the need for any special inspection or testing beyond
that specified in the manufacturer's instructions.

7 7.1 8.4 Environmental Considerations

The reactor water cleanup system is not required for safety
purposes, nor required to operate after the design basis
accident. The reactor water cleanup system is required to
operate in the normal plant environment for power generation
purposes only.

RQCU instrumentation and controls located in the RMCU eguipment
area are subject to the environment described in Table 3.11-1.

7.7.1.8.5 ~A erational Considerations

7 7.1.8 5 1 General Information

The reactor water cleanup system-instrumentation and control is
not required for safe operation of the plant. It provides a
means of monitorinq parameters of the system and protecting the
system.
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. - ~ 'egafoj; Ogegafog Information

Refer to the RMCU system instrumentation and control Figures 5.4-
16 and 7.7-11.

F

Safety set points associated with the subject system are
discussed in Subsection 7.6.la.4.3.6.

7,7~1~9 - Tgan.sient Monitoring System for Stagtum Testing

General Electric Co. (GE) provides as a part of Startup Testing
(Lov Power and Power Ascension Testing), for purposes of

measurement and recording of process transients,
a'ransient'RecordinqSystem (STARTREC) .. STARTREC is brought in for

temporary installation and consists primarily „of a data
acquisition computer and peripherals for control and output
(recording).
In Susquehanna SES STARTREC vill be located within sight of the
plant-operator interface area of the control room, in the
Observation Gallery area, elevation 741 ' Communications will be
provided between STARTREC and the operator interface area.

STARTREC will be removed after startup testing.

7~7~1~9~$ . Tgaggient Monitoring System /AS) Descr option

The equipment for providing and conditioninq of transient signalsfor STARTREC is called the Transient Monitoring System (TMS).
The scope of this system includes permanent mounting of devicesin NSSS and non-NSSS panels and permanent installation of signal
cables from the systems panels to a permanent control room
(Observation Gallery) panel. This panel collects and conditions
the TMS signa ls and is called the Transient Monitoring Panel
(TMP)

7 -7 1 9..1 1 Piping Thermal Expansion MeasurementI. W R

Measurements of pipinq thermal expansion and vibration during
startup testi'nq is handled by 'the use of multiplexing signals
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directly to STARTREC. Siqnal conditioning and multiplexers are
provided as packages and use a sinqle coaxial cable from each
multiplexer (one inside containment and one outside) to STARTREC.
Instrumentation and multiplexers are temporarily i:nstalled andwill be removed at the conclusion of the measurements. Neither
the equipment nor the cable used for these measurements are
safety related.

7 7.1.10 Refuelinq Interlocks System-Instrumentation and
Controls

7 -7; l. 1.0. -1 ~ hays-tern Identification

The purpose of the refuelinq interlocks system is to restrict the
movement of control rods and the operation of refuelinq equipmentto reinforce operational procedures that prevent the reactor from
becominq critical during refuelinq operations.
This equipment is not required to operate during a seismic event.
The operability of the equipment can be verified after a seismicevent, without jeopardizinq safety.

7 7.1 1.0 2 Power Sources

There is only one source of power for both channels of the logiccircuits (see Subsection 7. 7. 1.10. 3. 2) . However, this power
source supplies the Control Rod Drive System as well. A failureof this power supply will prevent any rod motion

7- 7.1-.10.-3..1 C.ircuit Descrintion

The refuelinq interlocks circuitry senses the condition of therefuelinq equipment and the control rods. Depending on the
sensed condition, interlocks are actuated to prevent the movement
of the refuelinq equipment or withdrawal of control rods (rod
block) . Sinqle-failure-proof circuitry is provided to sense thefollowinq conditions:

(1) All rods inserted (see Subsect ion 7.7.1. 10. 3. 2)

(2) Refuelinq platform positioned near or over the core
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(3) Ref uel inq platf orm hoists fuel-loaded (fuel grapple,
fra me-mounted hoist, trolley-mounted 'oist)

h

(4) Puel grapple not fully restricted
(5) Service platform hoist fuel-loaded,'nd

(6) Reactor Node Switch in "Refuel" position.

7 -7..1>.1&.3. 2 ~ Iegic and. Sequencing

The indicated conditions are combined in logic circuits to
satisfy all restrictions on refueling equipment operations and
control rod movement (Figure 7.7-3}. A two-channel circuit
indicates that all rods are in. The rod-in condition for each
rod is established by the closure of a magnetically operated reed
switch in the rod position indicator probe. The rod-in switch
must be closed for. each rod before the all-rods-in signal is
qenerated. This is not the same switch that provides rod
position information to the process computer and four rod
position display. Both channels must reqister the all-rods-in
signal in order for the refueling interlock circuitry to indicate
the all-rods-in condition.-
Durinq refueling operations, no more than one control rod is
permitted to be withdrawn; this is enforced by a "edundant'ogic
circuit that uses the all-rods-in siqnal and a rod selection
signal to. prevent the selection of a second rod'or movement with
any other rod not fully inserted Control rod withdrawal is
Prevented by comparison checkinq between the A .and B portions of
the reactor manual control system and subsequent message
transmission to the affected control rod. The simultaneous-
selection of two control rods is prevented by the interconnection
arranqement of the select push buttons. With the mode switch in
the REFUEL position, the. circuitry prevents the withdrawal of
more than one control rod and the movement of the loaded
refuelinq Platform over the core with any control rod withdrawn.

Operation of refuelinq equipment is prevented by interruptinq the
power suPply to the equipment.. The refueling platform is
provided with two mechanical switches attached to the pla.tf oz'm,
which are tripped open by a long, stationary ramp mounted
adjacent to the platform rail. The switches open before the
platform or any of its hoists are physically located over the
reactor vessel to indicate the approach of the platf orm towardits position over the cor e.

Load cell readout is provided for all hoists. Indicators display
given hoist loads directly to tho operator. Load sensing i by
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hydraulic load cells that use demineralized water as the
operatinq fluid. Associated interlock and load functions are
performed by pressure switches that sense the pressure generated
by the hydraulic load cells.
The three hoists on the ref ueling platform and the hoist on theservice platform are provided with switches that open when thehoists are fuel-loaded. The switches open at a load weight thatis lighter than that of a single fuel assembly. This indicates
when fuel is loaded on any hoist.
The telescopinq fuel qrapple hoist has a geared limit switch.
The switch is open any time the grapple has descended more thanapproximately 4 inches from its fully retracted position. Thisswitch is placed in series with the grapple load switch to ensureinterlock operation if the weight of the bottom section of the
telescope plus the fuel is less than the preset load.

7~7 1.-1.0. 3 3 Bvoasse and In tc rlocksQ

A bypass for the service platform hois't load interlock is .

provided. When the service platform is no longer needed, its
power pluq is removed. Thi" deenerqizes the power supply to thehoist. The platform can then be moved away from the core.
Deenerqizinq the hoist power supply open" the hoist load switches
and qives a false indication that the hoist is loaded. Thisindication prevents control rod withdrawal with the mode switchin the STABTUP or REFUEL positions. A bypass plug allows control
rod movement in thi- situation. The bypass plug is physically
arranqed to prevent the connection of the service platform power
pluq unless the bypass plug is removed.

The rod block interlocks and refueling platform interlocksprovide two independent levels of intorlock action. Theinterlocks which restrict operation of the platform hoist and
grapple provide a third level of interlock action since they
would be required only after a failure of a rod block andrefuelinq platform interlock. The strict procedural controlexercised durinq refueling operations may be considered a fourthlevel of backup.

7~7,1~14~3.4 redundancy and Diversity

Althouqh the refuelinq interlocks are not designed nor requiredto meet the IEEE 279-1971 criteria for Nuclear Power Plant
Protection Systems. Failure of the refuelinq interlocks will
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neither cause an- accident nor prevent safety related systems from
performinq their protective actions. They are provided for use
durinq planned refuelinq operations. Criticality is prevented
durinq the insertion of fuel, provided control rods in the

. vicinity of the vacant fuel space are fully inserted during thefuel insertion. The interlock systems accomplish this by:

(1) Preventing operation of the loaded refueling equipment
over the core whenever any control rod is withdrawn.

(2) Preventing control rod withdrawal whenever fuel loading
equipment is over the core.

(3) Preventinq withdrawal of more than one control rod when
the mode switch is in the refuel position.

The refuelinq interlocks have been carefully designed utilizing
redundancy of sensors and circuitry to provide a high level ofreliability and assurance that the stated design bases will be
met. Each of the individual refueling interlocks discussed above
need not meet the sinqle failure criterion because the fouressentially independent levels (includinq procedural control) ofprotection provide assurance that the design basis will be met.
For any of the "situations" listed in Table 7.7-2 a singleinterlock failure will not cause an accident or result inpotential physical damage to fuel or result in radiation exposureto personnel during fuel handling operations.

~77-~1~14-.3~5 - actuated. devices

The refuelinq interlocks from the Reactor tlanual Control Systemto the refuelinq equipment trip a relay in the refueling
equipment controls which interrupts power to the equipment and
prevents it from moving over the core.

, The interlocks from the refueling equipment to the Reactor ManualControl System actuate circuitry that provides a control rod
block. The rod block prevents the operator from withdrawing anycontrol rods.

7 .7 -1 10- -3 6 Seoarat-ion«t

The refuelinq interlocks are not designed to nor required to meet
the XEEE 279-1971 criteria for Nuclear Power Plant Protection
Systems. However, a single interlock failure will not cause anaccident and are used in conjunction with admistration controls
durinq planned refueling operations.
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~77- i~14.-3 -7- - Testabil-itg

Complete functional testing of all refueling interlocks before
any refuelinq outage vill positively indicate that the interlocks-
operate in the situations for which they were designed. Theinterlocks can be subjected to valid operational tests by loading
each hoist with a dummy fuel assembly, positioning the refuelingplatf orm, and withdrawing control rods. Where redundancy is
provided in the logic circuitry, tests are performed
automatically, on a periodic basis, to assure that each redundantlogic element can independently perform its function.

7 .7.1 10 4 - Environmental Considerations

Equipment (refuelinq) will be subjected to the conditions listedin Table 3.11-1 durinq normal operation. The refuelinginterlocks are not required to operate under these conditions,
but are required to be operable under the conditions listed in
Table 3.11-3.

Refueling components are capable of surviving design basis events
such as earthquakes, accidents. and anticipated operational
occurrences without consequential damage, but are not required to
be functional during or after the event without repair

7 -7,1-,.10~5. gOegational Considerations

7. 7; 1 ..10..5. 1 Genera) I~ formation

The refuelinq interlocks system is required only during refueling
operations.

Xn the refuelinq mode, the control room operator has an indicatorliqht for "Refuelinq Mode Select Permissive" whenever all control
rods are fully inserted. He can compare this indication with
control rod position data from the computer as well as control
rod in-out status on the full core status display. Furthermore,
whenever a control rod withdrawal block situation occurs, the
operator receives annunciation and computer logs of the rod
block. He can compare these outputs with the status of the
variable providinq the rod block condition. Both channels of the
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control rod withdrawal interlocks must agree that permissive
conditions exist in order to move control rods; otherwise,

a'ontrolrod withdrawal block is placed into effect. Failure of
one channel may initiate a rod withdrawal block, and will not
prevent application of a valid control rod withdrawal block f rom
the remaining operable channel.

Core flux activity monitoring is provided during refueling by the
SRM's and/or dunking chambers which are specified and controlled
in Technical Specification 3/4.9.
In terms of refueling platform interlocks, the platform operator
has analog type readout indicators for the platform x-y positionrelative to the reactor core.

The position of the grapple is shown on a digital indicator
immediately below the platform position indicators. Analog loadcell indications of hoist loads are given for each hoist bylocally mounted indicators. Individual 'push button and rotarycontrol switches are provided for local control of the platform
and its hoists. The platform operator can immediately determine
whether the platform and hoists are responding to his localinstructions, and can, in conjunction with the control room
operator, verify proper operation of each of the three categoriesof interlocks listed previously.

7 7..1~4.0~$ . 3 - Set po j.nts

There are no safety set points associated with this system.

7- 0 1 1-1. 1- - Eau.i~ment- Desian

7~7~1~+/~.l-~l- - Qescri.ption

The RBM has two channels. Each channel uses input signals from a
number of LPRM channels. A trip signal from either HBM channel
can initiate a rod block. One RBM channel can be bypassed
without loss of subsystem function. The minimum number of LPRMinputs reguired for each RBM channel to prevent an instrument
inoperative alarm is four when using four LPRN assemblies, three
when using three LPRN assemblies, and two when using two LPRM
assemblies {Figure 7. 7-16) '. (
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(1) Power Supply

The RBM power is received from the 120 V ac supplies
for the RPS. RBM channel A receives po~er from the ac
bus used for RPS Trip System A; RBM channel B receives
power from the ac bus used for RPS trip system B.

'2>

Signal Conditioninq

The RBM signal is generated by averaging a set of LPRM
signals. One RBM channel averages the signals from
LPRM detectors at, the A and C positions in the assigned
LPRM assemblies. The second RBM channel averages the
siqnals from the LPRM detectors at the B and D
positions. Assignment of LPRM .assemblies to be used in
RBM averaqinq is controlled by the selection of control
rods. Figure 7 7-16 illustrates the four possible
assignment combinations. Note that the RBM is
automatically bypassed and the output set to zero if a
peripheral rod is selected. If any LPRM detector
assiqned to an RBM is bypassed, the computed average
signal is adjusted automatically to compensate for the
number of LPRM input signals.
When a control rod is selected, the gain of each RBM
channel output is normalized to an assigned APRM
channel. The assigned APRM channel is'on the same RPStrip system as the RBM channel This gain setting is
held constant during the movement of that particular
control rod to provide an indication of the change in
the relative local power level. If the APRM used to
normalize the RBM readinq is indicating less than 30%
power, the RBM is zeroed and the RBM outputs are
bypassed.

If the normalizing APRM is bypassed, the normalizing
siqnal is automatically provided by a second APRM. In
the operating range, the RBM signal is accurate to
approximately 1% of full scale.

7 7~+++~1 - god Block Trip function

The RBM supplies a trip signal to the reactor manual control
system to inhibit control rod withdrawal. The trip is initiated
when RBM output exceeds the rod block set point There are threeparallel rod block set point lines that have an ad justable slope.
These lines provide a set point that is a function of therecirculation drivinq loop, flow. The intercepts of these set
point lines with rated flow are adjustable. The normal settings
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are approximately 1074 for the upper line, 99% for the
intermediate line, and 91% for the lover line. Lights indicate
vhich rod block set point line is active. Tvo percent belov the
intermediate and lower rod block set point lines are the set-up-
permissive (and setdown) lines. When the power reaches these
lines on.increasing power ~ an indicator vill light so the
operator can evaluate the conditions and manually change to the
next higher rod block set point line. On decreasing pover, these
lines vill provide automatic set down. Either 'RBM can inhibit
control rod vithdraval (Figure 7.6-7). Table 7.7-3 itemizes the
RBM trip functions.

7.-7;1.11.1 '3 - Bvoasses

The operator can bypas" one of the two RBMs at any time (see
S ubsect ion 7. 6. la. 6. 3) .

7 -7.-1 11- l. 4. Redundancy

The following features are included in RBM design:

(1) Redundant. separate, and isolated RBM channels.

(2) Redundant, separate, isolated rod selection information
(includinq isolated contacts for each rod selection
pushbutton) provided directly to each RBM channel.

(3) Separate, isolated LPRM amplifier signal information
provided to each HBM channel.

(4) Separate and electrically isolated recirculation flow
inputs provided to the RBMs for trip.

(5) Independent. separate, isolated APRM reference signals
to each RBM channel.

(6) Independent, isolated RBM level readouts and status
displays from the RBM channels

(7) Mechanical barrier between Channel A and Channel B of
the manual bypass witch.

(8) Independent, separate, isolated rod block signals from
the RBM channels to the manual control system
circ ui try.
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7>1~1 l-l 4.5. - Vestability

aha rod block monitor channels are tasted and calibrated with
procedures given in the applicable instcu™tion manuals. The RBNs
ara functionally tested by introdu" ing test signals into the RBN
channels

7,7,$ ~1,3,,-2 - gnvironm~ntal Considerations

{Sae description for APRN, Subsection 7. 6. la.5. 6. 2)

7.7 1;11.3 Operational "considerations~ '

i(hen increasing polar, the set-up permissive lamp vill light at
which time the operator must evaluate conditions befora manually
changing to tha n xt highe= cod block sat point line.

7 7~1;12 ~ Nuclear Pcessuce Relief System

7~7~1,-12,1 Sgstam Identification
1'ha nuclear Pressure RelieE System, consisting of sa fety relief
valves and associated circuitry, is designa5 to limit nuclear
steam supply syst m prassu"e unbar various moies >f reactor
o para tion.

7 7 1~.12. 2 ggujpmpn t Dgs j,gn

Zha Huclear Pressure RelieE System controls and instrumentation
"onsist of manual "ontrol/pressure sensor channels each dedicated
to its respective safety ralief valve and associated valve
operator {solenoid >parate4 air pilot valve). The pilot valve
controls the pneumatic pressure applied to the air cylinder
operator. Upon energizing the pilot valve, pneumatic pressure is
directed from the a"..cumulatoc to a" t on tha air cylinder oparator
causing the safety relief valve to open. Upon again de-
energizing the pilot valve, ~ir in tha air cylinder'is exhausted
and the accumulator is once again isolated via the Xe- nergizedpilot valve. An accumulator, one for each valve, is included

the control equipment to store the pneumati" energy for
safety relief valve operation. Safety relief valves are
automatically initiated by high reactor pressure conditions.
"ablas from the prassura sansors for vassal pressure are routed
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to a single logi" cabinet in tha main "ontrol coom. Power to the
safety relief valvas ~ pilot valves and associated pressuce
sensors is divided between D" busses A and B, with each bus
serving specified safaty ralief valves and associated circuitry.
Zha logic cabinet provides for appropriate separation of power
supply feeders so as to linit the effects of electrical failures.

7 7 g g-2.3- gllkt.natl.RK "ZR-QifQ
(

Reactor pressure is datecta5 by pressuce sensors (one for each
valve) which are lo"ated in the reactor building. The logi™ for
aa"h valve raquic s a single s nsor tcip on v ssel pressure to
cause safety relief valve actuation.

One initiation signal is used for each safety relief valve
actuation via each respective pressure sensor output. High
vessel pressure indicates the need for safaty relief valve
actuation to limit nu™1 ar steam supply pressure.

Upon receipt of an initiation signal the pilot air valve is
energized thereby opening the safety celief valve. Lights in the
main control room indicate when tha solanoid-operated pilot valve
are anerqizei to open a safety celief valve. The safety relief
valves remain open until the system. prassura drops below the high
pressure setpoint.
Naaual system l.evel initiation of a safety relief valve is
ac"omplished by a c>ntral switch in either division 1 or division
2 dependinq on which division is secvinq a given valve and its
associated logic "iccuitry.

7.7..1~$ 2.5 Bypgssg- aug I'ltprgg"kg.

Bypasses and interlocks are not utilized in the safety relief
valve function.

7.7.1~1-2.4 Eegungancy and Djvers imp

1ha safety relief valve Logic is initiated by high reactor
prassuce. Though cadundan=y is not provident foc initiating
signals to a given safety reLief valve, it is provided with
separate sensor signals aa"h ta diffecent valves. Diversity is
not provided.
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7 Z~li12 7- Actuated Devices

Safety relief valves are a"tuated by four methods:

a 0

b
ci
d

Automatically on high reactor pressure via pressure sensors.
Manually, by the operator.
Mechanically, through soring setpoints.
Automatically or manually as part >f ADS (Section 7.3.1.1a.1.4)

7.7.1;$ $ .8 - Sgkarat j9K

Safety relief valve logic is of single channel design for each
valve. Safety relief valves and associated logics are assigned
between DC busses A and B. "able routing, logic circuitry,
manual controls and instrumentation are appropriately separated
to limit the effects of a single failure.

7 7 1 12:.9 Tgstgb j.lj,t y

Safety relief valv logic is testable up to and including the
sensors and actuated equipment.

7;7.1~12.10 Pnvironm~ntal "2nsidecat ions

The solenoid valves and their cables and the safety relief valves
op rotors are located insii 'the drywell and will operate during
normal and projected accident environmental conditions. The
pressure sensors, which are located within the reactor building
will also operate during normal and a™cident environments.

7.V l~.l.g..ll. l. General Information

The instrumentation and controls of the Hu"lear Pressure Relief
System are require% for normal plant operations to limit nuclear
system pressure. When pressure relief action is required, it
will be initiated automati=ally by the ™ir=uits described in this
section.

7 7 l~ 12. l.l. 2. Opgrgtor Ingogpat jgR

A temperature element is installed on the safety relief valve
%ischarge piping approximately three feet from the valve body.
7he temperature el.event is conne" ted to a multipoint recorder in
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the "ontrol room to provide a means of detecting safety relief
valve leakaqe during the pLant operation. When the temperature
in any safety relief valve discharge piping exceeds a preset
value, an alarm is sounded in the control room. The alarm
setting is far nough ahov normal {rated pow r) drys 11 ambient
temperatures to avoid spurious alarms, yet low enough to giv=
early indication of significant safety rel.ief valve leakage.

I

7.7.1.13 Loose Parts Monitorin~ System

The Loose Parts Monitoring System will monitor, alarm and record the Reactor
Vessel acoustics for the presence of internal loose parts in accordance with
R.G.1.133 Draft-2 Rev. l.

I

The system will monitor the points listed below. When an impact event signal
exceeds a selectable amplitude, an alarm will occur and peak impact and impact
repetition will automatically be recorded and timed sequentially, for each
selected channel.

Eight piezoelectric accelerometers are attached externally to the Reactor
Vessel:

a. Two mounted approx. 180 apart on or near the main steam lines to monitor
the upper head regions.

b. Two mounted approx. 180o apart on or near the feedwater lines to monitor
the upper vessel regions.

c. Two mounted approx. 180 apart and at 90 rotation from the upper vessel
sensors mounted on or near the recirculation suction lines to monitor the
vessel core plate region.

d. Two mounted approx. 90 apart, one on a CRD Housing and the other
on'he

RPV drain piping, to monitor the lower vessel regions.

7 7 2- ANALYST.">1 X

This subsection:

(l) demonstrates by direction or referenced analysis thatthe subject 4 scribed systems are not required for anyplant safety function, and

(2) demonstrates by lirect or referenced analysis that theplant protection systems described elsewhere arecapable of copiny with all failure modes of the subjectcontrol systems.
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Zn response to item (1) ab>ve, the foll>wing is cited. tlpon
considerinq the desiqn basis, descriptions, and evaluations
presented here and elsewhere throughout the document relative to
the subject system, it can be concludei that these systems do not
perform any safety function.,

desiqn basis: r fer t> Subsection 7.1.1
description: r.fer to Subsection 7.7.1

Ph individual syst m analysis in this section concludes that the
subject systems ere not reguired for any plant safety action.

For consideration of item (2) above, it is necessary to refer to
the safety evaluations in .hapter 15 and Appendix 15A.

In that chapter, it is first shown that the subje"t systems are
not utilized to provide any desiqn basis a™cident safety
function. Safety fun"tions, where regui~ed, are provided by
other qualified systems. For expected or abnormal transient
incidents following the single operation error (SDB) or single
component failure (SCF) criteria, prote"tive functions are al o
shown to be provident hy other systems. The expected or abnormal
transients cited are th~ limiting FLEA for the subject systens.

Next, further consideratioas of. situations beyond the SOB and
SCP, specified as single a=tive component failure (SACF), are
analyzed in Chapter 15 and Apoendix 15A. Although these are not
Besiqn basis requirements, the ability of the plant to provide at
least one sinqle protective function, ven under these stringent
assumptions, is demonstrated.

7..7.2.,1 Reactor Vessel-I>strumentat.ion

7..7.2,1.1 "enegal Functional Requirements Confo.„mance

The reactor vessel-instrumentation
redundant or auqmented information
regui red from the engineered sa fequ
operator utilizes this information
shut down, and service the reactor
Hone of this instru)entati)n is reg
any e rtqineered saf eguar d or sa fety

is designed to provide
to the existing information
acds and safety systems. The
to start up, operate at power,
system in an effi"ient manner.
uired to initiate or control
system.

7 -7 2~.1.2 Specifi" Regulatory Requirements "onformance

There are no specific regulatory requirements imposed on this
reactor vessel instrumentation but the following general
considerations are offered:
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(l) Conformance with General Design C"iteria l3

The reactor vessel information provides the operator
with information on the reactor vessel operating
variables during normal plant operation and anticipated
operational occurrences so that the need to use the
safety systems, although ready and able to respond, is
minimized. This instrumentation does not serve in any
direct controlliag functions. Controls that maintain
the reactor vessel operating variables within
prescribeR operating ranges are performed by the:

(>)
(b)
(")

feedwater system
RCIC system
reactor manual control system or
rod control and information system

(2) Conforman "e with General Design "riteria 24

This instrumentation is not part of or related to any
safety syst=m. Phe circuitry of the safety systems is
completely independent of thi instrumentation such
that failures of this instrumentation will not cause or
prevent any action to be initiated hy the safety
systems.
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(3) Confocman"e to IREE STD 279, section 4.7

This instcumeatation is separate fcom and independent
of the safety systems cir"uitry. There is no dire"tcircuit-to-circuit or functional intera"tions between
this instrumentation and the safety systems. No single
random oc multiple failures in this instrumentation can
prevent the safety systems from me ting the minimum
performance requirements specified in the design basis
of that system.

7.7.2.2 Reactor NanuaL Control System-Instrumentation and-. - -- -- - - Cog gogs-

7 7 2~2;1- General Functional Requirements Conformance

The circuitry described foc the reactoc manual control system i"
completely independent of'he circuitry controlling the scram
valves. This separation of the sccam and normal rod control
fun"tions prevents failures in the reactor manual control
circuitry from affecting the sccam ciccuitcy. The scram
circuitry is discussed in Se"tion 7.2. Because each control codis controlled as an. individual unit, a failure that results i.n
energizing of any of. the insert or withdraw solenoid valves can
affect only one "ontrol co9. The effectiveness of a reactor
scram is not impaired by the malfunctioning of any one control
co%. Xt can be "on"luded that no single failure in the reactoc
manual control system can cesult in the prevention of a reactor
sccam .and that r pair, adjustment, oc maintenance of reactor
manual control system components does not affect the scramcic"uitry.
"hapter 15 and Appendix 15A examine the various failure mode
considerations for this system. The expected and abnormal
transients and a"cident events analyzed envelope the FLEA
associated with this systen~s components. These include:

(1) control rod withdrawal ecrors

(2) control cod drop a"cident

To be very specific, the following is cited:
(1) The RACS is not required for plant safety functions.

The system has no fun"tion associated with any design
basis accident.
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(2) This syst m is n~t used for plant shutdown resulting
from an a"cident or nonstandard operational conditions.
The function of the RM"S is to control core reactivity
and thus power 1 vel. Interlocks from many different
sources are incorporated to prevent the spurious
operation of drives or undesirable rod patterns
throughout all ranges of operation.

(4) This system contains no components, cir"uits or
instruments requir d for reactor trip or scram. There
are no operator manual controls whi"h can prevent
scram

(5) The consequen"e v f. improper opera.tor action or the
failure of rod block interlocks results in a reactor
scram.

(6) The requirements for the portions of RMCS that,
interface with any safety system function includes
toleran"e to sinful failures a,'nd component quality.

7w'7 m 2& 2g 2 - Specif ic R egu la tory R equireme.n ts

There are no specific requirements imposed on this system, but
the following general considerations are offered:

10CFR50 Appendix A — Criterion 24

No,part of the RMCS is required for scram. The rod
block functions provided by the NMS are the only
instan™es where the RMCS us s any instruments or
devices related to RPS functions. The rod block
signals received from the NMS prevent improper rod
motion before limits causing reactor scram are rea™hed.
Common APRM, IRM, and SRM detectors are used, but the
siqnal is physically and electrically isolated beforeits usa in the reactor manual control system. See
Subsections 7.6.la. 5 and 7.6.2a.5.for a description of
this interface. This isolation is achieved through two
separate relay trip units whi™h prevent any feedback
from the reactor manual control system to the reactor
protection system. Sinqle failure of a control
compon nt theref>re will not degrade the protection
system.

(2) 10"PR50 Appendix A - Criterion 26
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The RMCS is one of the two, independent reactivity
control systems as required by this criterion.

7.7.2.3 Re™irculation Flow Control System-Instrumentation
------anR- controls

~ ~

7..7.2~3.1 General- Funct ional Requirements Conformance

Tha recirculation flow control system is designed so that
coupling is maintai'ned between an M-G'et drive motor and its
generator even -if the ac power or a speed controller signalfails. This assures that the drive motor inertia vill contribute
to the power suppli d to the recirculation pump during coastdown
of the M-G set after loss of ac power, and that the generator
continues to be driven if the speed controller signal is lost.
Transient analyses described in Chapter 15 show that no
malfunction in 'the recirculation flow control system, can cause a
transient sufficient to damage the fuel barrier or exceed the
nu"lear system pressure limits, as required by the safety design
basis.

The safety design basis of the recirculation flow control loop is
that no single component failure shall result in a violation of
the plant transient MCPR limit.
The main recirculation pro=ess control system is not reguired to
be desiqned to meet the single failure criterion. Control system
failures resulting in compLete loss of control signal will result
in electrical "locking" of the scoop tube in its last demanded
position at the instant of siqnal loss.

In the case of recirculation control system failures (e-g.,
transistors, resistors, etc.) causing upscale signal failure, the
reactor is protected by high pressure or high flux scram See
Figure 7.7-7. Such faults have been analyzed in Chapter 15 and

~ include both M-G sets going to full speed simultaneously.

Re"irculation system flow =ontrol failures causing downscale
signal failures may cause one or both recirculation M-G sets to
qo to minimum spec%. M-G set speed redu"tion is limited to not
more than 10X per second. Speed reduction of both M-G sets might
result from failure of the master controller.
Control component failures such as the speed controller setpoint
station, error limiter, speed controller, function generator, and
recirculation M-G s t speed limiters result in a single M-G set
speed reduction at l0% per second. The function generator limits
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the load demand error signals .from the turbine pressure regulatorto a normal maximum of 10%.

Re"irculation M-9 set speed Limiters are provided to prevent
recirculation pump, valve and jet pumps from operating in regions
that would cause cavitation damage to these components.

The recirculation pump valves are treated as conventional remote
motoroperated valves. From a circuit viewpoint, each
re=irculation pump valve is independent of the other, and has its
own Unit Operating Benchboard mounted control switch for manual
operation. Each valve has open/close travel limit switches and
Unit Operating Benchboard pilot lamp indication. (See Figur
7.5-1.)

"hapter 15 and Appendix 15A examine the various failure mode
considerations for this system. The expected and abnormal
transients and a"cident events analyzed envelope the FMEA
associated with this systems components. These include:

(1) Recirculation flow controller failures
(2) Recirculation pump seizure and pump shaft failure

7.7;2~3.2. - -Specif i" Regulatory Requirements

There are no specific reguLatory requirements imposed on this
system.

7.7.2.0 Feedwater Control System (Turbine-Driven Pumps}
Xgggggl~Rtat iog and "ont.rois

7~7.,2 4 g "- General 0'unctional Requirements Conformance

The feedwater control system is a power generation system for
purposes of maintaininq proper vessel water level. Interlocks
are provided to lock the flow changing capabilities in the «as-
is« condition in tha event of control signal failure. Should the
vessel level rise too high, the feedwater pumps and plant main
turbine would be tripped. This is an equipment protective action
which would result in reactor shutdown by the RPS system as
outlined in Section 7.2. Lowering of the vessel level would also
result in action of the RPS to shutdown the reactor.
"hapter 15 and Appendix 15A examine the various failure mode
considerations for this system relative to plant safety and
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operational effects. The expected and abnormal transients and
accident events analyzed ia the appendix envelope the FNEA
associated with this system's components. These include:

(1) Loss of all feedwater flow (pumps)

(2) Loss of feedwater heater

(3) Malfunction of feedwater controller

(4) Failure of feedwater line

7~7,2. 4,2- - Specific Regula+ory Requirements Conformance

The feedwater system is not a safety-related system and is not
required for safe shutdown of the plant, nor is it required
durinq or after accident conditions.

There are no interconnections with safety-related systems and no
specific regulatory requirements are imposed on the- system.

7.7.2.5 Pressure Regulator and Turbine-Generator System
Instgugegtagiag agd. Controls

7;7;2 -5.3.- General Functional Requirements Conformance

Turbine speed and acceleration control is provided by the initial
pressure regulator which controls steam throttle valve position
to maintain constant reactor pressure. The turbine speed .
governor overrides th pressure regulator on increase of system
frequency or loss of generator load. Excess steam is
automatically bypassed directly to the main condenser by the
pressure controlled bypass valves.

Provision is made fear matching nuclear steam supply to turbine
steam requirements. As pressure is lowered by a greater load
demand, the pressure regulator sends a proportional signal to the
recirculation flow control system which causes an appropriate
in"rease in recirculation flow. Detailed description of
conformance to these design bases is contained in Subsection
7 7 l.
Chapter 15 and Appendix 15A examine the various failure mode
considerations for this system relative to plant safety and
operational effe"ts. The expected and abnormal transient and
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accidents events analyzed in this appendix envelope the PIED
associated with this system's components. These include:

(1) Pailure of pressure regulator

(2) Turbine/generator trips
(3) Nain condenser failures
(4) Breaks outside containment

7,7~2 5,2 Specific Regulatory Requirements Conformance

No specific regulatory requirements are imposed on the subject
system.

The turbine-generator control system is not a safety related
system. Protection systems which are provided as an integral
part of the turbine-generator equipment override the turbine-
generator control system. In the event of a turbine-generator
trip due to a prote"tive a=tion, the control valve fast closure
and the stop valve closure inputs to the RPS initiate reactor
scram. (See Subse"tions 7. 2.1.1.4. 2(d) and 7.2.1.1.4.2 (e).)
Pressure regulator malfunction which leads to low turbine inlet
pressure is detected by pr ssure switches provided in the main
steam isolation system whi=h in turn initiates closure of the
main steamline isolation valves (See Subse" tion 7.3.1.1a.3) .
Similarly ~ high turbine inlet pressure leads to detection of high
reactor pressure by the RPS which initiates reactor scram. (See
S ub sect ion 7. 2. l. 1. 4 (b) ) .

"ontrol malfunction (e.g., pressure regulation malfunction
upscale} which results in high flow through the turbine control
valves and.the bypass valves is detected by main steam flow
switches provided in the main steam isolation system which
initiates closure of the main steam level isolation valves (See
Subsection 7.3.1.1a. 3) and a subsequent reactor scram. (See
Subsection 7.2.1.1-4 (f) ) .

Int rfaces between the subject non-safety systems and their
components with safety-related systems (RPS, containment
isolation control system, at= ) are design in such a manner that
failure of the non-safety "omponents will not negate the
necessary safety system functions.
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7.7.2.6 Neutron Monitoring System Traversing In-Core Probe
- Sgbgygtem +TIP[---- Instrumentation and Controls

7~7--g 4~-lz General Punctional Requirement Conformance

An adequate number of TIP machines is supplied to assure that
ea™h LPRM assembly "an be probed by a TIP and that one LPRM
assembly (the central one) can be probed by every TIP to allow
intercalibration. Typical TIPs have been tested to prove
linearity. (Reference 7.7-1) The system has been field-testedin'n operating reactor to assure reproducibility for repetitive
measurements. The mechanical equipment has undergone life
testing under simulated operating conditions to assure that all
specifications can he met. The system design allows semi-
automatic operation for LPRM calibration and process computer
use. The TIP machines "an be operated manually to allow
pointwise flux mappinq.

7 7 2;6.2 Specific Regulatory Requirement Conformance

Th re are no spe"ific regulatory requirements for the TIP
subsystem.

7,7~2.,7-.- Plant Computer System' Instrumentation

7 7;2;.7 1- General Functional Requirements

The Plant Computer System is designed to provide the'operator
with certain cateqories of information as defined in the
equipment description (Subsection 7.7.1. 7) and to supplement
procedural requirements for "ontrol raB manipulation during
reactor startup and shutdown. The system augments existing
information from other systems such that the operator can start
up, operate at power, and shutdown in an efficient manner. this
system is not required to initiate or control any engineered
safeguard or safety-related system.

7..7..2i-7..2 Specific Regulatory Requirements Conformance

The plant computer has no specific regulatory requirements.
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7.7.2.8 Reactor Water Cleanup System — Zastrumentation and
= ="===== aa,i.rule

7,7.p 8 1 "eneral .Functional Requigement Conformance

Thm RWCU system is not a safety-related system. Therefore, theinstrumentation supplied is for the plant equipment protection
and for operator information only.
The cleanup system is protected aqainst overpressurization byrelief. valves. The ion ex=hange resin is protected from high
temperature by temperature switches upstream of the filter
demineralizer unit. '.)ne switch activates an alarm while a second
switch closes the isolation valve which subsequently trips the
cleanup pumps. Th isolation val ves will also close
automatically on a reactor low water level signal and when the
standby liquid control system is actuated. The pumps will alsotrip on hiqh cooling water temperature or low discharge flow.
A high differential pressure across the filter-demineralizer orits discharge strainer will automatically close the units outletvalve after sounding an alarm. The holding pump starts whenever
there is low flow through a filter-Bemineralizer. The precoat
pump will not start or stop when the level in the precoat tank is
low

Samplinq stations are provided to obtain reactor water samples
from the entrance and exit of both filter-demineralizers.
The system control and instrumentation for flow, pressure,
temperature, and conductivity are recorded or indicated on a
panel in the main control room. Instrumentation and control for
ba"kwashinq and precoating the filter-demineralizers're onlocal panel outside the drywell. Alarms are sounded in the maincontrol room to alert the operator to abnormal conditions.

7;-7.2=8.2. Sgecifi" Regulatory Reguirments Conformance

The subject system has no specific regulatory requirements
imposed on it but the foll>wing observation is includeD:

(1) Regulatory Guide l. 56 (6/73)

The Reactor Water Cleanup (RWCU) system provides the
recorded "onductivity measurements and alarms ofinfluents and effluents of the demineralizers and
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records of the flow rate through each demineralizer as
recommended in the guide.

7 7 2 9. Transient Monitoring System Analysis

7-~7 2qR.1- TM8 Safety Re.lated Functions

The TMS itself performs no safety function. However, TNS devices
are connected in safety related circuits and must maintain the
safety related circuit continuity'ithout disturbance to thatcir"uit, under all conditions.

Hher TMS signals are required from safety related circuits,
isolation is provided between the safety circuit and the TMS
signal by the use of. a Validyne Engineering Corp. Remote Carrier
Modulator, Model CN249.

7 7 2;9.-1.1 TgS Saf et'elgterl System Isolat j,on

The Validyne CM249 provides impedance isolation, using
transformer coupling, between safety related "ircuits and T1S
circuits. CM249 circuit arrangement provides isolation in
compliance with IEEE 279-1971, Section 4.7-2. The CM249 unit has
been seismically and environmentally qualified. See Hyle Labs
Report (NDg 783015 Rev. B).

A summary of the Validyne M249 specifications is as follows:

Common Mode Isolation Voltage — 2000 V Peak
Input/Output Dielectric Strength — 2000 VD", 220

VAC'nsulationResistance — 10«ohms
Input Impedance — 2 meqohms

7 7..2;9.g 2 .TMS Miring Separation

All wiring for the TNS is installed permanently except wiring for
piping thermal expansion measurements installed locally from a
measuring device to a multiplexer. This thermal expansion wiring
is not safety related and «ill be removed after completion of
testing. Hiring from the nultiplexers to STARTREC, which is
coaxial cable, will be installed in a raceway system as any non-
safety related cable. Permanent wiring for the TMS from safety
and non-safety syst ms to the TMP will be as follows:
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"Mirinq required by tcansient test instcumentation within GE
supplied panels is routed to the requirements of A6 1-4050
Electrical Equipment Separation for Safeguards System."

B "Cables required by transient test instrumentation is routed
through the GE supplied PGCC panel modules in accordancevith the requirements >f NEDO 10466."

Safety related wiring and cables require3 for transient test
instrumentation is run in compliance with criteria set forth
in Subsection 3. 12 of this FSAR.

7.7.2.10 Refueling Interlocks System-Instrumentation and
Controls

7.7 2 10,1 (:enecal Functional Requirements Conformance

The cefueling interlocks,'in combination with core nuclear design
and refuelinq procedures, limit the probability of an inadvertentcriticality. The nuclear "haracteristics of the core assure that
the reactor is subcritical even when the highest worth control
rod is fully withdrawn. Refueling procedures are written to
avoid situations in which inadvertent cciticality is possible.
The "ombination of cefueling interlocks foc control rods and therefuelinq platform provides redundant methods of preventinginadvertent "riticality ev n after pcocedural violations. The
interlocks on hoists provide yet another method of avoiding
inadvertent ™riticality.
Table 7.7-2 illustrates the effectiveness of the refueling
interlocks. This table coasiders various operational situations
involvinq rod movement, hoist load conditions, refueling platform
movement and position, and mode switch manipulation. The initial
conditions in Situa.tions 4 and 5 appeac to contradict the action
of refueling interlocks, because the initial conditions indicate
that more than one "ontrol rod is vithdcawn, yet the mode switchis in REPUEL. Such initial conditions are possible if the rods
are withdrawn vhen the mode svit"h is in STARTUP ~ and then the
mode switch is turned to REFUEL. In all cases, correct operationof the refueling interlock will prevent either the operation of
loaded refueling equipment over the ™ore when any control rod is
withdravn or the withdrawal of any control rod vhen fuel-loaded
refueling equipment is operating over the "ore. Zn addition,
when the mode svitch is in REFUEL, only one rod can be vithdcawn;
selection of. a second rod initiates a rod bio"k.
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7.7 2;10.2 - -Specific Regulatory Requirements Conformancec

No specific regulatory requirements apply to refueling
interlocks. The refuelinq interlocks are designed to be normally
energized (fail safe),and single failure tolerant of equipmentfailures.
IEEE standards do not apply because the refuelinq interlocks are
not required for any postulated design basis accident or for safe
shutdown. The interlocks are required only for the refueling
mo5e of plant operation. Phe requirements of 10 CPR 50 Appendix
B are met in the manner set forth in Chapter 17.

There are no specific General Desiqn "riteria requirements for
this system.

7,7,2.11 god Block Monitor Subsystem

7.7;2;ll~l General Functional Requirement Conformance

Motion of a "ontrol rod causes the LPRMs adjacent to the control
rod to respond stronqly to the change in power in the region of
the rod in motion. Piqures 7.7-17 and 7.7-18 illustrate the
calculated response of the two RBMs .to the full withdrawal of.
selected control ro3 from a region in which the design limits on
power and flow exist.
Be"ause MCPR cannot r ach 1.0 until the control rod is withdrawn
through greater than half. its stroke, the'ighest rod block set
point halts rod motion well before local fuel damage can occur.
This is true even with the adjacent and nearest LPRM'detector
assemblies failed.

7.7.2..11.2 Spe"ific Regulatory Requirement Conformance

IEEE Standards and Requlatory Guides do not apply to the
Rod'lo"kMonitor Subsystem be=ause it is not a prote"tion system.
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10" FR-50- Anoendix .A

C giferia 24-

The RBM provides an interlocking function in the control rod
withdrawal portion of the "RD reactor manual control system.
This design is separated from the protective functions in the
plant to assure their independence.

The RBM is designed to prevent inadvertent control rod withdrawal
given an imposed single fal.lure within the RBM. One of the two
RBM channels is sufficient to provide an appropriate control rod
withdrawal block.

In addition, the RBM has been designed to meet ~appropriate
protection system criteria....acceptable to the RegulatoryStaff." (Referen™e 7.7-2)

7.7;2;12 - Nuclear Pressure Relief System - I)lstgu@etltation and
gontrols

g~g-„/~12~1 - General- punctioaal peguirements Conformance

The Nuclear Pressur.. Relief System is designed to provide the
nu"lear steam supply pressure relief function without jeopardy to
the safety-related ADS function, discussed in Section 7. 3.

7. 7 2 -1 2 2 Speci fic 8ega lat pry Requirements

(1) 10CPR50 Appendix A — "riterion 14.

The Nuclear Pressure Relief System provides additional means for
minimizing the probability of abnormal reactor coolant pressure
boundary leakage.

(2) 10CPR50 Appendix A — =riterion 15.

The Nuclear Pressure Relief System is designed to afford adequate
additional margin to assure that the design conditions of the
reactor coolant pressure boundary are not exceeded during any
condition of normal operation, including anticipated, operational
occurrences.

(3) lOCPR50 Appendix A — "riterion 30

The components of the Nuclear Pressure Relief System are
designed, selected, fabricated, erected and tested to the
highest, pra"tical,,current industrial standards. The System is
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designed with temperature sensors for each safety relief valve
whereby leaks may be detected and identified in a timely fashion. 18

7.7.2;13 Loose Parts Monitoring System

The LPMS is not a safety-related system. It has been designed in accordance
with Regulatory Guide 1.133, Rev. 1, Draft 2.

22

7 7 3 REFERENCES

7 7-i morgan, W. R., "1n "ore Neutron Monitoring System for
General Flectric Boiling water Reactors," APED-5706,
November 1960 (Rev. April 1969) .

7&7 2 Hatch 1 Amendment 7, June 24, 1969, pp. >-3.0-1 and 7-
S. 0-1.'7
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TABLE 7.7-1

CRD HYDRAULIC SYSTEN PROCESS INDICATORS

Measured Variable

Total system flow

Drive water pump suction
pressure

Instrument Tgge

Plow indicator
Annunciator

Drive wa ter filter
differential pressure

Annunciator

Coolinq water header
pressure

Pressure indicator

Charqinq water header
pressure

Annunciator

Drive water flow rate

Coolinq water header

Control rod drive temp

Control rod position
(normal ranqe)

Flow indicator
Plow indicator
Annunciator

Rod status display



TABLE 7.7-2

REFUELING INTERLOCK EFFECTIVENESS

REFUELING
PLATFORM

SITUATION POSITION

l. Not near core

Not near core

REFUELING
THM+

UL+

PLATFORM
'FMH+

UL

HOISTS
FK

UL

SERVICE
PLATFORM

HOIST

UL~

CONTROL RODS

All rods in

All rods in

MODE

SWITCH

Refuel

Refuel

Move refueling
platform over core

Withdraw rods

RESULT

No restrictions

Cannot withdraw more
than one rod

Not near core

Not,near core Any hoist loaded or FG not fully up UL

One rod withdrawn

One rod withdrawn

Refuel Move refueling
platform over core

Refuel Move refueling
platform over core

No restrictions

Platform stopped before
over core

Not near core UL More than one rod
withdrawn

Refuel Move refueling
platform over core

Platform stopped before
over core

Over core All rods in Refuel Withdraw rods ,Cannot withdraw more
than one rod

Over core

Not near core

Not near core

Any hoist loaded. or FG not fully up

UL

All rods in

All rods in

All rods-in

Refuel

Refuel

Refuel

Withdraw rods

Withdraw rods

Operate service
platform hoist

Rod block

Rod block

No restrictions

10. Not near core UL One rod withdrawn Refuel Operate service
platform hoist

Hoist operation
prevented

Not near core All rods in Startup Move refueling
platform over core

Platform stopped before
over core

12.

I3.

Not near core

Not near core

Rev. 20, 2/81

UL ~ L All rods in Startup

One rod withdrawn Startup

Operate service
platform hoist

Operate service
platform hoist

No restrictions

Hoist operation
prevented



TABLE 7.7-2 Cont'd.

REFUELING INTERLOCK EFFECTIVENESS

REFUELING
PLATFORM

SITUATION POSITION

14. Not near core

15. Not near core

16. Over core

17. Any

REFUELING
TMH"

UL

PLATFORM
FMHe

UL

UL

Any
condition

HOISTS
FG"

UL

SERVICE
PLATFORM

HOIST

UL

Any
condition

CONTROL RODS

All rods in

All rods in

All rods in

Any condition,
reactor
not at power

Startup Withdraw rods

Startup Withdraw rods

Startup Turn mode switch
to RUN

MODE

SWITCH

Startup Withdraw rods

RESULT

Rod block

No restrictions 2O

Rod block

Rod block

LEGEND

TMH - Trolley Mounted Hoist FMH - Frame Mounted Hoist FG - Fuel Grapple UL - Unloaded L - Fuel Ioaded
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TABLE 7.7-3

RBM SYSTEM TRIPS

TRIP FUNCTION

RBM upscale (high)

RBM inoperative

RBM downscale

RBM,bypassed

NOMINAL
SETPOINT

R(.66 Flow + 41%) normal

R(.66 Flow + 33%) intermediate

R(.66 Flow + 25%) low

(See Note)

5/125 FS

Manual switch or Peripheral rod
selected or APRM reference below 30% .

TRIP ACTION

Rod block, .annunciator
amber light display

Rod block, annunciator,
amber light display

Rod block, annunciator,
white light display

White light display

Note:

RBM is operative if module interlock chain is broken, OPERATE-CALIBRATE switch is
less than 50% of available LPRM signals are above 3% threshold, or internal logic
indicate trouble.

4

not in OPERATE position~. =

self-test circuits.;
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Item Load Descri tion

Division II

Equipment
No.

Ampere s Sec ads ~h au't
HP Inrush Full Load 0 1 2 10 . 15 20 30 45 50 60 75 80 100 30 45 60 90 240

l.
2.
3.
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.
s 7

19.
20.

21.
22.
23.

24.

25 ~

26.

HPCI Barom Condenser Vacuum Pump
HPCI Vacuum Tank Drain Pump
HPCI Turbine Auxiliary Oil Pump
RFPT "A" Emergency Lube Oil Pump
Turbine Gen Emerg Bearing Lube
Oil Pump
Reactor Recirc HG Set EBOP
Vital AC Power Supply
Hain Steam Line Drain Valve
RWC Recirc Pump Suction Valve
Supp Pool Water Filter PP Suction
Valve
RHR PP Shutdown Cooling Suet Valve
RHR RPV Head Spray OTB2 Iso Valve
RHR Radwaste Discharge Valve
HPCI Test Byp to Cnds Stor Tk Valve
HPCI Min Flow Byp to Supp Pool Valve
HPCI Test Byp to Cnds Stor Tk Valve
HPCI Turb Exh to Supp Pool Vac
Bkr Valve
RCIC Vac Relief System Iso Valve
HPCI Turb Exh to Supp Pool Valve
HPCI Barom Cond Cooling Mater
Sup Valve
HPCI Steam Supply Line Iso Valve
HPCI Steam Supply to Turbine Valve
HPCI Pump Suction from CNDS Stor
Tk Valve
HPCI Pump Suction from Supp Pool
Valve
HPCI Pump Discharge Valve
HPCI Pump Discharge Valve
Division II Total in Amps

IP216
IP215
IP213
1P125A
1P112

1.5 11.8
3.0 22
7.5 65
10 92.5
40 345

- 5.8
11
26
37
138

1P155B 1 14.1
1D666
HV-B21-1F019 0.54 16.2
HV-G33-1F004 1.1 25.0
HV-15768 0.33 10.4

4.7
168
2.9
4.0
2.1

HV-Ell-1F008
HV-Ell-1F023
HV-E41-1F049
HV-E41-1F011
HV-E41-1F012
HV-E41-1F008
HV-E41-1F075

HV-E51-1F084
HV-E41-1F066
HV-E41-1F059

10.8 210
3.0 51
0.36 10.4
4.3 80
1.0 31
5.8 95
0.13 6.2

0.33 11.3
0.72 19.5
0.16 8.0

38
11.5
2.1
17
4.8
20
0.70

2.0
3.2
1.1

HV-E41-1F003 2.9 . 85.4
HV-E41-1F001 4.3 80
HV-E41-1F004 0.54 16.2

11.1
17
2.9

HV-E41-1F006 10.9 210
HV-E41-1F007 10.9 210

40
40

HV-E41-1F042 0.54 16.2 2.9

65
92.5

26
22

5.8
1

37
38

16+
10.4

168
4.7

+Not Required to Ope rate During DBA or LOCA

10.4
80

51

20

11.3
I Not Requ0~ ired to Oper DBAate During or LOCA

5.4
80

16. 2.9

16.22.916.

10
210

168 1313.7 1055 1019.1 428.7 770.7 501.7 416.3 465.3 396.9 364.5 322.8 184.8

Unit 1 & 2 250 Vdc Loads are Similar(I)

11J/mb
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9.1. 4.2. 7.1 Refueling Platform

9.1. 4.2. 8 Storage Equipment
9.1.4.2.9 Under Reactor Vessel Servicing Equipment
9.1. 4.2. 10 Puel Transf er Description

9.1.4.2.10.1 Arrival of Fuel on Site
9.1. 4. 2.10. 2 Re fueling Procedure

9.1.4.2. 10.2.1 New Puel Preparation

9.1.4.2.10.2.1.1 Receipt and Inspection of New Puel
9.1.4.2.10.2.1.2 Channeling New Puel
9.1. 4.2.10.2.1.3 Equipment Preparation

9. l. 4. 2. 10. 2. 2 Reactor Shutdown

9.1.4.2.10.2.2.1 Drywell Head Removal
9.1.4.2.10.2.2.2 Reactor Nell Servicing

9.1.4.2.10.2.3 Reactor Vessel Opening

9.1.4.2.10.2.3.l Vessel Head Removal
9.1.4.2.10.2.3.2 Dryer Removal
9.1.4.2.10.2.3.3 Separator Removal
9.1.4.'2.10.2.3.4 Puel Bundle Sampling

9.1.4.2.10.2.4 Refuelinq and Reactor Servicing

9.1. 4.2.,10.2.4. 1 Re fuelin q

9.1. 4.2. 10;2.5 Vessel Closure

9.1.4.2.10.3 Departure of Spent Fuel from Site

9.1.4.3 Safety Fvaluation

9. 1-39

9. 1-39
9-1-40
9 1-41

9 1-41
9. 1-41

9. 1-43

9. 1-43
9. 1-44
9.1-44

9 1-44

9. 1«45
9. 1-45

9.1-45

9. 1-45
9 1-46
9 1-46
9.1-47

9.1-47

9. 1-47

9. 1-48

9 1-49

9. 1«49

9 1.4.3.1
9.1. 4. 3. 2
9.1.4.3.3
9 l. 4.3.4
9.1.4 3 5
9.1. 4.3. 6
9. l. 4'. 3 7
9.1. 4.3. 8
9.1. 4. 3 9

Spent Puel Cask
Reactor Building Crane
Puel Servicing Equipment
Servicinq Aids
Reactor Vessel Servicing Equipment
In-Vessel Servicinq Equipment
Re fuel ing Egui pment
Storaqe Equipment
Under Reactor Vessel Servicing Eguipment

9.1-49
9. 1-50
9. 1-50
9. 1-50
9 1-50
9. 1-50
9. 1-51
9. 1-52
9. 1-52

9.1.4.4 Inspection and Testinq Reguirements

9. 1. 4. 4. 1 Inspection
9.1. 4. 4.2 Testinq

9. 1-52

9. 1-52
9 1-53
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Refueling Platform
Fuel Support Grapple
Other
Radiation Monitoring

9~1.4 5 191452
9.1 4.5 391454
9.1 5 Reactor Building Cranes

9.1.4.5 Instrumentation Requirements 9.1-54

9. 1-.54
9. 1-54
9 1-54
9. 1-55

9. 1-55

9 l 51'
1 5 2

9 1 5 3
9 1.5.49155

Desiqn Bases
Equipment Design
Safety Evaluation
Inspection and Testing Requirements
Instrumentation Requirements

9 1-55
9. 1-57
9 1-58
9. 1-60
9 1-61

9.1.6 References

9 2 MATER SYSTENS

9.2.1 Service Mater System

Design Bases
System Description
Safety Evaluation
Tests and Inspections
Instrumentation Applications

9.2. 1.1
9.2.1.2
9.2.1.3
9 2 1 4
9.2.1.5

9.2.2 Reactor Building Closed Cooling Mater System

9 1-61

9. 2-1

9 2-1

9. 2-1
9 2-1
9. 2-3
9 2-3
9 2-3

9 2-4

9.2. 2.1
9.2 '.2
9 2.2 3
9 2 2.4
9.2.2.5

Design Basis
System Description
Safety Evaluation
Testinq and Inspection Requirements
Instrumentation Requirements

9 2-4
9. 2-4
9. 2-6a
9 2-7
9 2-7

9.2.3 Turbine Building Closed Cooling Mater System 9 2-8

9 2 3.1
9 2'3 2
9 2 3 3
9 2 3 4
9.2. 3.5

Design Basis
System Description
Safety Evaluation
Testing and Inspection Requirements
Instrumentation Requirements

9. 2-8
9 2-8
9. 2-9
9 2-9
9 2-10

9. 2. 4 Gaseous Radvaste Recombiner Closed Cooling
Mater System 9 2-10

9 2 4 1
9 2. 4.2
9 2.4 3
9 2.4 4
9 2.4.5

Design Basis
System Description
Safety Evaluation
Testing and Inspection Requirements
Instrumentation Requirements

9 2-10
9. 2-10
9. 2-11
9 2-11
9. 2-12
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9.2.5 ,Emergency Service Water System 9.2-12

9.2.5.1
9.2.5.2
9.2.5.3
9.2.5.4
9.2.5.5

Design Bases
System Description
Safety Evaluation
Tests and Inspections
Instrumentation Applications

9.2-12
9.2-14
9.2-15'.2-16a

9.2-17

9.2.6 RHR Service Water System 9.2"17

9.2.6.1
9.2.6.2
9.2.6 '
9.2.6.4
9.2.6.5

Design Bases
System Description
Safety Evaluation
Tests and Inspections
Instrumentation Applications

9.2-17
9.2-18
9.2-19
9.2-20
9.2-21

9.2.7 Ultimate Heat Sink 9.2-21

9.2.7.1 Design Bases
9.2.7.2 System Description

9.2-21
9.2-22

9.2.7.,2.1 General Description
9.2.7.2.2 Component Description
9.2.7.2.3 System Operation

9.2-22
9.2-23
9.2-24

9.2.7.3 Safety Evaluation 9.2-27

9.2.7.3.1
9.2.7.3.2
9.2.7.3.3
9.2.7.3.4
9.2.7.3.5
9.2.7.3.6
9.2.7.3.6

9.2.7.3.7

30-Day Transient
- Methods of Analysis

Pond Performance Models
Droplet Spectrum Test
Discussion of Meteorology
Discussion of Results

.1 Thermal Short Circuiting
I

Discussion of Conservatisms Used

9.2-28
9.2"29b
9.2-31
9.2-34
9.2-34
9.2"35
9.2-35b

9.2"35b

9.2.7.3.7.1 Conservatisms in Meteorology
9.2.7.3.7.2 Conservatisms in Operating
9.2.7 '.7.3 Conservatisms in Models

9 '-35
9.2-36
9.2-37

9.2.7.4
9.2.7.5
9.2.7.6

Tests and Inspections
Instrumentation Applications
Comparison of Spray Pond Thermal
Performance Results

9.2-37a
9.2-37b

9.2-37b

9.2.8 Raw Water Treatment System 9.2-38

9.2.8.1
9.2.8.2
9.2.8.3
9.2.8.4

Design Basis
System Description
Safety Evaluation
Testing and Inspection Requirements

9.2-38
9.2-38

.9.2"41
9.2-41
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9.2.8.5 Instrumentation Requirements

9.2.9 Makeup Demineralizer System

9.2-42

9.2-42

9.2.9.1
9-2.9.2
9.2.9.3
9.2.9.4
9.2.9.5

Design Basis
System Description
Safety Evaluation
Testing and Inspection Requirements
Instrumentation Requirements

9.2-42
9.2-43
9. 2-4'6
9.2-46
9.2-47

9.2.10 ,Condensate Storage and Transfer System 9.2-48

9.2.10 '
9.2.10.2
9,2.10.3
9.2.10.4
9.2.10.5

Design Bases
. System Description

Safety Evaluation
Tests and Inspections
Instrumentation Applications

9.2-48
9.2-48
9.2-50
9.2-50
9.2-51

9.2.11 Potable and Sanitary Water Systems

9.2.11.1 Design Bases
9.2.11.2 System Description

9.2.11.2.1 Clarified Water Storage Tank
9.2.11.2.2 Clarified Mater Pumps
9.2.11.2.3 Hypochlorinator
9.2.11.2.4 Potable Water Retention Tank
9.2.11.2.5 Hot Mater Storage Heaters
9.2.11.2.6 Valves
9.2.11.2.7 , Piping
9.2.11.2.8 Sanitary Waste Disposal

9.2-51

9.2-51
9.2-52

9.2-52
9.2-52
9.2-53
9.2-53
9.2-53
9.2-54
9.2-54
9.2-54

9.2.11.3
9.2.11.4
9.2.11.5

Safety Evaluation
Tests and Inspections
Instrumentation Application

9.2-54
9.2-55
9.2-56

9.2.12 Chilled Water Systems

9.2.12.1 Control Structure Chilled Water System

9.2.12.1.1 Design Bases
9.2.12.1.2 System Description

9.2.12.1.2.1 General Description
9.2.12.1.2.2 Component Description
9.2.12.1.2.3 System Operation

9.2.12.1.3 Safety Evaluation
9.2.12.1.4 Tests arid Inspection
9.2.12.1.5. Instrument Applications
9.2.12.2 Turbine Building Chilled Water System

9. 2-56

9.2-56

9.2-56
9.2-58

9.2-58
9.2-58
9.2-59

9.2-59
9.2-60
9.2-60
9.2-61
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9.3

9.2.12.2.1 Design Bases
9.2.12.2.2 System Description

9.2.12.2.2.1 General Description
9 '.12.2.2.2 Component Description,
9.2.12.2.2.3 System Operation

9.2.12.2.3 Safety Evaluation
9.2.12.2.4 Test.and Inspections
9.2..12.2.5 Instrument Applications

9.2.12.3 Reactor Building Chilled Water System

9.2.„12.3.1 .Design Bases
9.2.12.3.2 System Description

9.2.12.3.2.1 General Description
9.2.12.3.2.2 Component Description
9.2 '2.3.2.3 System Operation

9.2.12.3.3 Safety Evaluation
9.2..12.3.4 Test and Inspections
9.2.12.3.5 Instrument Applications

9.2.12.4 Radwaste Building Chilled Water System

9.2.12.4.1 Design Bases
9.2.12.4.2 System Description

9;2.12.4.2.1 General Description,
9.2.12.4.2.2 Component Description

'9.2.12.4.2.3 System Operation

9.2.12.4.3 Safety Evaluation
9.2.12.4.4 Tests and Inspections
9.2.12.4.5 Instrument Applications

PROCESS AUXILIARIES

9.2-61
9.2"61

9.2-61
9.2-62
9.'2-62

9.2-63
.9.2-63
9.2-63

9.2-64

9.2-64
9.2-65

9.2-65'.2-66

9.2-66

9.2-.67
9.2-67
9.2-67-

9.2-68

9.2-68
9.2-69

9. 2"69"
9.2-69
9.2-69

9.2-70
9.2"70
9.2-71.

9.3"1

9.3.1 Compressed Air Systems

9.3.1.1 Instrument Air System

9.3-1

9.3-1

9.3.1.1.1
9.3.1.1.2
9;3.1.1.3
9.3.1.1.4
9.3.1.1:5

Design Bases
System Description
Safety Evaluation
Tests and Inspections
Instrumentation Application

9.3-1
9.3-1
9.3"2
9.3-2
9 '-3

9..3.1.2 Service Air System

9-.3.1.2.1 Design Bases

9.3-3

9.3-3
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9.3.,1.2.2 System Description

9.3.1.2.2.1 General Description

9;3.1.2.3 Safety Evaluation
9.3,1:2.4 Tests and Inspections
9.3.1.2.5 Instrumentation Application

E

9:3.1.'3 Radwaste Building Low Pressur'e Air System

9.3"3

9.3-4

9.3-4
9.3-4
9.3-5,

9.3-5

9.3.1.3.1
9.3.1.3.2
9.3.1.3.3
9.3.1.3.4
9.3.1.3.5

Design Bases
System Description
Safety Evaluation
Tests and Inspections
Instrumentation Applications

9.3-5
9.3-6
9.3"7
9.3-7
9.3-7

9.3.1.4 River Intake Structure Compressed Air
System

9.3-7

9.3.1.4.1 Design Bases
9.3.1.4.2 System Description
9.3.1.4.3 Safety Evaluation
9.3.1.4.4 Tests and Inspections
9.3.1.4.5 Instrumentation Application

9.3.1.5 Containment Instrument Gas System

9.3-7
9.3-8
9.3-8
9.3-8
9.3"9

9.3-9

9.3.1.5.1
9.3.1.5.2
9.3.1.5.3
9.3.1.5.4
9.3.1.5.5

Design Bases
System Description
Safety Evaluation
Tests and

Inspections'nstrumentation Applications

9.3-9
9.3-10
9.3-11
9.3-12

'.3-12

9.3.2 Process Sampling System 9.3-13

9:3.2.1
9.3.2.2
9.3.2.3
9.3.2.4
9.3.2.5

Design Bases
System Description
Safety Evaluation
Testing and Inspection
Instrumentation Applications

9.3-13
9.3-14
9.3-16
9.3-17
9.3-17

9.3.3 Equipment and Floor Drainage System

9.3.3.1 Design Bases

9.3.3.1.1 Codes and Standards

9.3.3.2 System Description

9.3-18

9.3-18

9.3-19

9.3-19

9.3.3.2'.1 General Description
9.3.3.2.2 Component Description
9.3.3.2.3 System Operation

9.3-19
9.3-21
9.3-22
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9.4

9.4.1 Control Room and Control Structure HVAC
Systems

I

9.4.1.1 Design Basis

9.4.1.1.1

9.4.1.1.2

9.4.1.1.3
9.4.1.1.4

9.4.1.1.5
9.4.1.1.6
9.4.1.1.7
9.4.1.1.8

9.4.1.1.9

Control Room Floor Cooling System
(OV-117)
Computer Room Floor Cooling System
(OV-115)
Control Structure HRV .System (OV-103)
Emergency Outside Air Supply System
(OV-101)
SGTS Equipment Room HRV Systems
Battery Room Exhaust, System (OV-116)
Smoke Removal Exhaust System (OV-104B)
Access Control and Lab Area Supply
System (OV-105)
Lab Fume Hood Makeup and Exhaust Systems
(OV-106 and OV-114)

9.4.1.2 System Description

9.3.3.3 Safety Evaluation
9.3.3.4 Tests and Inspections
9.3.3.5 Instrumentation Application

9.3.4 Chemical and Volume Control System
9.3.5 Standby Liquid Control System

9.3r.5.1 Design Bases
9.3.5.2 System Description
9.3.5.3 Safety Evaluation
9.3.5.4 Testing and Inspection Requirements
9.3.5.5 Instrumentation Requirements

AIR CONDITIONING, HEATING, COOLING, AND VENTILATION
SYSTEMS

9,3-24
9.3-24
9.3-25

9.3-25
9.3-25

9.3-25
9.3-26
9.3-28
9.3-32
9.3"33

9.4-1

9.4-1

9.4-1

9.4-1

9.4-2
9.4-2

9.4-3
,9.4-3
9.4-4,
9.4-4

9.4-4

9.4-5

9.4-5

9.4.1.2.1

9.4.1.2.2
9.4.1.2.3
9.4.1.2.4

9.4.1.2.5

9.4.1.2.6
9.4.1.2.7
9.4.1.2.8

Control Room Floor Cooling System
(OV-117) and Computer Room Floor
Cooling System (OV-115)
Computer Room Floor Cooling System
Control Structure HGV Systems (OV-103)
Emergency Outside Air Supply System
(OV"101)
SGTS Equipment Room Heating and
Ventilating Systems (OV-144 8 OV-118)
The Battery Rooms Exhaust System (OV-116)
Smoke Removal System (OV-104)
Access Control and Lab Area Supply
System (OV-105)

9.4-5
9.4-7
9.4-7

9.4-9

9.4-10
9. 4;11
9.4-11

9.4-12
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9.4.1.2.9 Lab Fume Hood Makeup Air System
(OV-106), Contaminated Filter Units
Exhaust System (OV-114) and Hood Exhaust
Filter Systems

9.4.1.2.10 Control Room Toilet (OV-107), Control
Room Kitchen (OV-108), Access Control
Area Toilet (OV-112), and Access Control
General Area (OV-113) Exhaust Fan
Systems

9.4.1:2.11 Radiation Chemical Laboratory, Sample
Room and Decontamination Area Hood
Exhaust Filter Systems

9.4.1.3 Safety Evaluation
9.4.1.4 Tests and Inspections
9.4.1.5 Instrumentation Requirements

9.4.2 Reactor Building Ventilation System

9.4.2.'1 Reactor Building HVAC Systems for Normal
~ Operation

9.4-13

9.4-13

9.4-14

9.4-14
9.4-16
9.4-16

9.4-18

9.4-18

9.4.2.1.1
9.4.2.1.2
9.4.2.1.3
9.4.2.1.4
9.4.2.1.5

Design Basis
System Description
Safety Evaluation
Tests and Inspections
Instrumentation Requirements

9.4-19
9.4-20
9.4-23
9.4-25
9.4-26

9.4.2.2 Safety Related and RCIC Air Cooling
Systems

9.4.2.2.1 Design 'Basis
9.4.2.2.2 System Description
9.4.2.2.3 Safety Evaluation
9.4.2.2.4 Tests and Inspections
9.4.2.2.5 Instrumentation Requirements

9.4-27

9.4-27
9.4-28
9.4-29
9.4-29
9.4-30

9.4.3 Radwaste Building Ventilation System 9.4-30

9.4.3.1
9.4.3.2
9.4.3.3
9.4.3.4
9.4.3.5

Design Bases
System Description
Safety Evaluation
Tests and Inspection
Instrumentation Requirements

9.4-30
9.4-31
9.4-32
9.4-33
9.4-33

9.4.4'urbine Building Ventilation System 9.4-34

9.4.4.1
9.4.4.2
9.4.4.3
9.4.4.4
9.4.4.5

Design Basis
System Descriptions
Safety Evaluation
Tests and Inspections
Instrumentation Requirements

9.4-34
9.4-35
9.4-38
9.4-38
9.4-38
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9.4.5 .Primary Containment Ventilation System 9.4-40

9.4.5.1
9.4.5.2
9.4.5.3
9.4;5.4
9.4.5.5

. Design Basis
System Description
Safety Evaluation
Tests and Inspection
Instrumentation Requirements

9.4-40
9.4-41
9.4-43
9.4-44
9.4-44

9.4.6 Refueling and Spent Fuel Area Ventilation
System

9.4.7 Diesel Generator Building Ventilation System
9.4-44
9.4-45

9.4;7.1
9.4.7.2
9 '.7.3
9.4.7.4
9.4.7.5

Design Basis
System Description
Safety Evaluation
Test and Inspection
Instrumentation Requiremets

9.4-45
9.4-45
9.4-46
9.4-47
9.4-47

9.4.8 Engineered Safeguard Service Water Pumphouse'entilation System 9.4-47

9.4.8.1
9.4.8.2
9.4.8.3
9.4.8.4
9.4.8.5

Design Basis
System Description
Safety Evaluation
Test and Inspections
Instrumentation Requirements

9.4-47
9.4-48
9.4-48
9.4-48
9.4-49

9.4.9 Circulating Water Pumphouse and Water
Treatment Building HVAC 9.4-49

9.4.9.1
9.4.9.2
9.4.9.3
9.4.9.4
9.4.9.5

~ I I

Design Basis
System Description
Safety Evaluation
Test and Inspections
Instrumentation Requirements

9.4-49
9.4-50
9.4-51
9.4-51
9.4-51

9.5 OTHER AUXILIARYSYSTEMS

9.5.1 Fire Protection System

9.5.1.1 Design Bases

9.5"1

9.5-1

9.5"1

9.5.1.1.1
9.5.1.1.2
9.5.1.1.3
9.5.1 ~ 1.4
9.5.1.1.5
9.5.1.1.6
9.5.1.1.7
9 '.1.1.8
9.5.1.1.9

General
Redundant, Fire Suppression Capability
Single Failure Criteria
Failure or Inadvertent Operation
Fire Protection Program Implementation
Cable Spreading Rooms
Selection of Building Materials
Protection from Transformer Fires
Floor Drain Provisions

9.5" 1
9.5-2
9.5"2
9.5-2
9.5=3
9.5-3
9.5-3
9.5-3
9.5-4

Rev. 26, 9/81 9- xi



SSES"FSAR

9.5.1.1.10
9.5:1.1.11
9.5.1.1.12
9.5.1.1.13
9.5.1.1.14

9.5.1.1.15
9.5.1.1.16
9.5.1.1.17
9.5.1.1.18
9.5.1.1.19
9.5.1.1.20
9.5.1.1.21
9.5.1.2 System Description

Safety Related System Protection
Gas Storage
Plastic Materials
Cable Trays
Cable and Cable Tray Fire Barriers and
Fire Breaks
Cable Fire Protection Considerations
Building Ventilation
HVAC Charcoal Filters
Stairwells
Fire Protection System Classification
Quality Assurance Program
Codes and Standards

9.5-4
9.5-4
9.5-4
9.5-5

9.5-5a
9.5-5a
9.5-6
9.5-7
9.5-8
9.5-8
9.5-8
9.5-8
9.5"9

9.5.1.2.1
9.5.1.2.2
9.5.1.2.3
9.5.1.2.4
9.5.1.2.5
9.5.1,2.6
9.5.1.2.7
9.5.1.2.8
9.5.1.2.9
9.5.1.2.10
9.5.1.2.11
9.5.1.2.12
9.5.1.2.13
9.5.1.2.14
9 '.1.2 '5
9 '.1.2.16
9.5.1,2.17
9.5.1.2.18

9.5.1.2.19"
9.5.1.2.20

9.5.1.2.21
9.5.1.2.22

9.5.1.2.23
9.5.1.2.24
9.5.1.2.25
9.5.1.2.26
9.5.1.2.27
9.5.1.2.28
9.5.1.2.29

9.5.1.2.30
9.5.1.2.31

General
Fire Protection Water Supply Systems
Automatic Sprinkler Systems
Wet Standpipes
Halon 1301 Systems
Low-Pressure Carbon Dioxide System
Portable Fire Extinguishers
Fire and Smoke Detection System
Emergency Lighting

Communication System
Primary Containment Fire Protection
Control Room Fire Protection
Control Structure Cable Shafts
Cable Spreading Room Fire Protection
Computer Room Fire Protection
Relay Rooms Fire Protection
Switchgear Rooms Fire Protection
Remote Safety Related Panels Fire
Protection
Station Battery Room Fire Protection
Turbine Lubrication and EHC Oil Storage
and Use Area Fire Protection
Diesel Generator Area Fire Protection
Diesel Fuel Oil Storage Area Fire
Protection
Safety Related HVAC Filters
Safety Related Pump Fire Protection
New Fuel Area Fire Protection
Spent Fuel Pool Area Fire Protection
Radwaste Building Fire Protection
Decontamination Area Fire Protection
Condensate and Refueling Water Storage
Tank Fire Protection
Transformer Fire Protection
Miscellaneous Area Fire Protection

9.5-9
9.5-9
9.5-11
9.5-13
9.5-13
9.5"13
9.5-14
9.5-14
9.5-16
9.5-16
9.5-16
9.5-16
9 '-17
9.5-18
9.5-18
9.5-19
9.5-19

9.5-19
9.5-19

9.5-20
9.5-20

9.5-21
9.5-21
9.5-21
9.5-22
9.5-22
9.5-22
9.5-22

9.5-23
9.5-23
9.5-23

9.5.1.3 System Evaluation 9.5-24
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9.5.1.4 Inspection and Testing Requirements

9.5.1.4.1 Preoperational Test'ing
9.5.1.4.2 Operational Testing and Inspection

9.5.1.5 Personnel Qualification and Training

9.5.1.5.1 Design and Installation Qualification

9.5.1.5.2 Training Program for Plant Personnel

9.5.2 Communication Systems

9.5.2.1 Design Bases
9.5.2.2 Systems Description

9.5-24

9.5-24
9.5 "25

9.5-27

9.5-27

9.5-27

9.5-27

9.5-27
9.5"28

9.5.2.2.1
9.5 '.2.2
9.5.2.2;3
9.5.2.2.4
9.5.2.2.5
9 '.2.2.6
9.5.2.2.7

Intra-plant Public Address (PA)
Offsite Telephone System (PABX)
Intra-plant Maintenance/Test Jack System
Emergency Evacuation Alarm System (EVAC)
Security Communication and Alarm System
Portable Communication System
System Evaluation

9.5-28
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9 2 MATER SYSTEMS

9 2 1 SERVICE MATER SYSTEM

9.2.1.1 Desi n Bases

The Service Mater System (SMS) has no safety related function and
is desiqned to remove heat from heat exchangers in the turbine,
reactor, and radwaste buildings and to transfer this heat to the
coolinq towers where it is dissipated.

The SMS is desiqned to operate durinq normal plant operation and
plant shutdown with offsite power available. The system will not
operate on loss of offsite power concurrent with a LOCA.

9.2-1-2 ~Sstem ~Descri tian

The SMS is a sinqle loop, which includes three 50 percent
capacity, horizontal, centrifugal, single stage pumps, located in
the circulatinq water pump house, operating in parallel (one pump
is on standby. status) to circulate cool side cooling tower water
throuqh the heat exchanqers listed in Table 9.2-1 and to
discharge it back to the to~er by way of the circulating water
pipinq. In most cases the service water flows through the heat
exchanqers'ubes. The system is shown schematically on Pigure
9.2-1a and 9.2-1b

The water source and heat sink for the SMS is the cooling tower,
which dissipates approximately 0 18x10~ Btu/hr of heat from the
system. The system is designed for the total flow of 30,300 gpm
at a normal operatinq pressure of 100 psiq. The design pressure
is 170 psiq. Each of the two generating units is provided with a
separate SMS and cooling tower, although the two systems are
interconnected so that equipment common to both units can be
supplied from either SMS.

The systems'eat exchanqers are sized to operate with 95 P

service water at the inlets Por accessible areas the pipe is
carbon steel with a corrosion allowance of 0. 1875 in., while for
inaccessible areas 90/10 copper nickel piping is used

The temperature of fluids cooled by the service water in the
respective heat exchanqers are requlated by either recirculation
of the service water or flow control of the service water.

9. 2-1
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Recirculation

In this type of regulation the temperature of the fluid heing
cooled is controlled by adjusting the inlet temperature of the
service water. This is done by .recirculating some of the varm
service water discharging from the respective heat exchanger hack
into the cool service water entering the heat exchanger. The
amount of warm service vater recirculated is controlled hy a
valve that is requlated by a temperature controller in the
service water discharge from the heat exchanger.

This type of temperature regulation is used for the following:

a) Control structure chillers
b) Radwaste building chillers
c) Turbine building chillers
d) Reactor building chillers.

glow Control

In this type of regulation the temperature of the fluid being
cooled is requlated by adjusting the flow of service water
through the respective heat exchanger. This is done by a control
valve located in the service water discharge line from the heat
exchanger, which is regulated by a temperature controller that
senses the temperature of the cooled fluid.
This type of temperature regulation is used for the folloving:

a) Generator hydrogen coolers

b) Turbine Building Closed Cooling Water (TBCCQ) heat
exchanqers

c) Reactor Building Closed Cooling Water (RBCCW) heat
exchanqers

d) Gaseous Radvaste Recombiner Closed Cooling Water
(GRRCCW) heat exchangers

e) Main turbine lube oil coolers

f) Reactor feed pump turbine lube oil coolers

g) Alterrex air coolers

h) Reactor recirculation pump M-G set hydraulic fluid
coolers

i) Pipe tunnel coolers
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The balance of the heat exchangers as listed in Table 9.2-1 have
the service water flow adjusted manually to obtain the requiredfluid temperature.

A back pressure regulator installed in the service water return
header from the fuel pool heat exchangers maintains a positive
pressure differential between the tube and shell sides of the
heat, exchangers to prevent possible radioactive contamination of
the SQS.

In the case of loss of offsite power, the cooling of the RBCCM
heat exchangers and TBCCH heat exchangers can be maually
tzansfered from the SMS to the Emergency Service Hater System
(ESMS). However, since the heat exchangezs are designed for non-
essential service, the transfer valves are designed to close on
failure of the solenoid valves which control them, ensuring no
loss of emergency service water.

9.2. 1 3 Safest Evaluation

The SMS operation has no safety related function and failure of
the system will not compromise any safety related system or
component or prevent a safe nuclear shutdown.

9 2. 1.4 Tests and In~s ections

The system is hydrostatically tested prior to staztup and
preoperationally tested in accordance with the requirements of
Chapter 14. The standby pump will be tested and put into
regular service periodically to ensure system integrity. Standby
heat exchangers will be alternated into service on a regular
basis.

The suction header of the service water pumps is provided. with a
pressure indicator and each pump has a pressure indicator on its
discharge line. A temperature indicator is located on the common
discharge header. The discharge header is monitored for low
pressure If either of the operating pumps fails, the standby
pump will start automatically. Low seal water flow to a pumpwill trip that pump automatically and put it on standby.

Each heat exchanger in the system is provided with a pressure
indicator in both the inlet and outlet lines. A temperature
indicator is also provided in the outlet lines.

REV 6g 3/79 9 2-3
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Manually operated throttling valves have been provided downstream
of the heat exchangers to control service water flow where heat
exchange rate is constant or a wide temperature range can be
tolerated. Automatic temperature control valves have been
provided where ever it is necessary to keep operating
'temperatures controlled within a narrow range.

9.2.2 REACTOR BUILDING CLOSED COOLING WATER SYSTEM

9.2.2.1 Desi Basis

The Reactor Building Closed Cooling Water (RBCCW) System has no
safety related function and is a closed loop system that
transfers heat from miscellaneous reactor auxiliary plant
equipment to the service water system through the heat
exchangers. The plant equipment serviced by the RBCCW system is
located in the Reactor and Radwaste Buildings.

The RBCCW system is required to operate during normal operation
and on loss of off-site power without occurrence of a loss of
coolant accident. In the event that the Reactor Building
chillers are unavailable, for reasons other than those of offsite
power, or mechanical failure, the RBCCW system is designed to
automatically furnish cooling water to the Reactor Building
Chilled Water Syst'm for drywell cooling. On loss of off-site
power the drywell coolers can be manually switched to the RBCCW
system.

9.2.2.2 S stem Descri tion

The RBCCW system consists of two 100 percent capacity cooling
water pumps, two 100 percent heat exchangers, one head tank, one
chemical addition tank, associated valves, piping and controls as
shown on Figure 9.2-2.

System containment penetrations and isolation valves are designed
to Seismic Category I and ASME Code Section III, Class 2
requirements at a pressure of 150 psig at 500'F. The system
piping located inside containment to and from the Reactor
Recirculation Pump and Motor coolers is designed to ANSI B31.1
requirements at a pressure of 150 psig at 5004F . This piping is
designed to withstand the SSE such that its failure or loss of
function will not impair safety related systems located inside
containment. The system piping which is located outside
containment is designed to ANSI B31.1 requirements at a pressure
of 125 psig at 35Oop. All piping is carbon steel.

Rev 25
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The RBCCW system provides cooling water to nonessential equipment
located in the Reactor and Radwaste Buildings which has the
potential to carry radioactive fluids or which require a clean
water supply to minimize long term corrosion. The service water
in the heat exchanger tube side is maintained by the service
water pumps at a higher pressure than the closed loop system in
the heat exchanger shell side. In the event of tube failure, the
service water would leak into the closed loop system to preclude
the possibility of radioactive release to the environment.

During normal operation, one cooling water pump and one heat
exchanger are in service. The second pump is on automatic
standby. A heat load of 18.4 x 10 Btu/hr is transferred from
the closed cooling water system to the service water system in
the heat exchanger. During normal plant operation, the RBCCW
system furnishes cooling water to the following components:

The following equipment is located in the Reactor Building:

1) Cleanup Non-Regenerative Heat Exchanger

2) Cleanup Recirculation Pump Coolers

3) Reactor Recirculation Pump Seal and Motor Oil Coolers

4) Reactor Building Sump Cooler

5) Sample Station Chillers

6) Containment Instrument Gas Compressor Coolers

7) Drywell Equipment Drain Sump Cooler

The following equipment is located in the Radwaste Building:

1) Low Pressure Compressor and After Cooler

The water is circulated throughout the closed loop by the pump,
which is rated at 1100 gpm at 90 ft head. The capacity of
cooling water required by each plant component is set by a manual
throttling valve on the cooling water outlet of each unit.

The closed loop cooling water temperature leaving the RBCCW heat
exchanger is automatically controlled by a motor-operated flow
control valve located on the service water side. Automatic
control is carried out by a temperature indicating controller
which maintains the closed cooling water outlet temperature at a
constant 100 F.

Upon loss of off-site power without occurrence of a loss of
coolant accident, the RBCCW heat exchangers can be manually
switched from the service water system to the emergency service
water system. The RBCCW pumps start automatically, using standby

)19
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ac power furnished by the diesel generators in accordance with
the loading sequence. One pump can be taken out of service by
remote manual switching. The RBCCW system furnishes cooling
water to the Reactor Recirculation pump seal water coolers and
motor oil coolers. The drywell coolers (RB chilled water system)
can be manually valved in after the RBCCW heat exchanger is
manually switched from SW to ESW. A total heat load of 7.3 x 10
BTU/hr. would be transferred from the closed cooling water system
to the emergency service water system at this time.

The remainder of the RBCCW system receives a reduced amount of
cooling water; therefore, no appreciable heat load is transferred
from the other RBCCW users. These users can be isolated manually
from the system when required.

During loss of off-site power or loss of both Reactor Building
chillers, the cleanup non-regenerative heat exchanger is
automatically isolated from the RBCCW system.

During certain plant operating conditions, such as startup,
excess water is normally removed from the reactor by blowdown
through the reactor water cleanup system non-regenerative heat
exchanger. During blowdown, the heat rejected to the RBCCW

system is 25.19 x 10 Btu/hr. At this condition, the second
RBCCW heat exchanger is manually put into service to handle this
additional, transient heat duty.

The head tank, which is located at the highest point in the
system, accommodates thermal expansion and provides ample net
p'ostive suction head (NPSH) to the cooling water pumps. The head
tank, which has a capacity of 800 gallons, also provides
necessary makeup water as required.

The RBCCW supply and makeup is furnished from the demineralized
water system. When required, chemicals are added to the system,
through the chemical addition tank (15 gal. capacity) to maintain
a concentration of 500 ppm of chromates for corrosion prevention.

The RBCCW system pumps, heat exchangers, chemical addition tank,
and head tank are all located in the Reactor Building.
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9.2.2. 3 Safest Evaluation

The RBCCW has no safety-related function. Failure of the systemwill not compromise any safety-related system or component or
prevent a safe shutdown of the plant.

REV 6i 3/79 9. 2- 6a
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The RBCCM system is not required to operate after a
loss-of-coolant accident. The containment isolation valves will
close automatically under this condition. Also, the RBCCM pumps
receive a loss-of-coolant accident trip signal which prevents
pump operation.

The RBCCM system is hydrostatically tested prior to operation.
The motor-operated containment penetration valves can be manually
closed by the operator in the control room. These valves will be
tested to assure that they are capable of opening or closing by
operatinq the manual switches and observing the position lights
in the control room.

Test connections are located inside containment to test and
verify the leak ti.qhtness of the containment penetration
isolation valves prior to operation.

The RBCCM system pumps, heat exchangers, head tank, chemical
addition tank and piping (to the extent practicable) are located
in the Reactor Building to permit periodic inspection during
normal operation.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

9.2.2 5 Instrumentation .B~e uirements

The flow rate of cooling water to all coolers is regulated
manually by individual throttling valves on the cooling water
outlet from each unit. Plow elements are provided for the
coolers located inside the primary containment for initial flow .

halancinq of these components. A temperature indicator is
provided on the RBCCM system header outside containment to verify
satisfactory cooling of components inside containment.
Temperature indicators are provided at the outlet of each cooler
located outside primary containment. Test points are furnished
across all coolers in the system for pressure measurement.

Continuou ~ radiation monitors are installed in the pump suction
header of the RBCCM system. This instrumentation indicates,
records, and alarms in the main control room any radioactive
leakage into the RBCCM system.

High and low level switches on the RBCCM head tank detect leakage
into or out of the system. Switch operation actuates an alarm in
the control room. The RBCCM heat exchanger outlet temperature
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and pressure are monitored. These signals alara conditions of
system high temperature and/or lov pressure in the control room. ~

A lov pressure svitch is provided on the cooling vater pumps
discharqe header to autoaatically start the standby pump in the
event the system pressure drops belov a preset value. The svitch
also actuates an, alarm in the control room.

9 2 3 TURBINE BUILDING CLOSED COOLING MATER SYSTEM

9 2 3. 1 Desian Basis2&

The Turbine Building Closed Cooling Mater (TBCCQ) Systea has no
safety related function and is a closed loop cooling system that
transfers heat from miscellaneous turbine plant components to the
service water system through the TBCCQ heat exchangers.

The TBCCW system is .required to operate during normal plant
operation. If needed, the system can also operate upon loss of
offsite power by remote manual control.

~9 3~~Sstem ~Dsc~ption

The TBCCM system consists of two 100-percent capacity cooling
water pumps, two 100- percent heat exchangers, one head tank, one
chemical addition tank, associated valves, piping and controls as
shown on Figure 9.2-3. The system is designed to ANSI B31.1
requirements. The system piping is carbon steel designed for a
primary rating of 125 psig at 350o F.

The TBCCM system furnishes cooling water to the following turbine
plant components:

1) Control Rod Drive Pump Bearing and Oil Coolers

2) Condensate Pump Motor Upper and Lover Bearing Coolers

3) Instrument Air Compressor Coolers

4) Service Air Compressor Coolers

5) EHC Fluid Coolers

6) Sample Station Chillers

REV 4, 1/79 9- 2-8
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During normal plant operation, one cooling eater pump and one
heat exchanger are in service. The second pump is on automatic
standby. A heat load of 1. 50 x 10~ Btu/hr is transferred from

REV 4, 1/79 9 2-Sa
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closed cooling water system to the service water system in the
heat exchanger. The water is circulated throughout the closed
loop by the pump which is rated at 325 gpm at 130 ft of head.
The capacity of cooling water reguired by each plant componen t isset by manual throttling valves located on the cooling wateroutlet of each unit.
The closed loop coolinq water temperature leaving the TBCCW heat
exchanger is automatically controlled by an air operated flowcontrol valve located on the service water side. Automatic
control is carried out by a temperature indicating controller
which maintains the closed cooling water outlet temperature at a
constant 1050 F.

After a loss of offsite power, the pumps can be started by remote
manual switching to provide cooling water to the control rod
drive pump bearing and oil coolers if required. The TBCCW heat
exchanqers tube side flow is transferred from the service water
system to the emerqency service water system by remote switching.
A heat load of 0.04 x 106 Btu/hr is rejected to the emergency
se vice water at this time. TBCCW system operation is not
required durinq a loss-of-coolant accident.
The head tank, which is located at the highest point in the
system, accommodates thermal expansion and provides ample net ~

positive suction head (NPSH) to the cooling water pumps. The
head tank, which has a capacity of 400 gallons, also provides
necessary makeup water as required.
The TBCCW supply and makeup 'is furnished from the demineralized
water system. When required, chemicals are added to the system
through the chemical addition tank (15 qal. capacity) to maintain
a concentration of at least 500 ppm of chromates for corrosionprevention.

The TBCCW system pumps, heat exchanqers, chemical addition tank,
and head tank are all located in the Turbine Building.

9.2.3.3 Safety Evaluation

Since the TBCCW system has no safety-related function, failure of
the system will not compromise any safety-related system or
component or prevent a safe shutdown of the plant.

9.2.3.4 Testing and Inspection Requirements

The TBCCW system is hydrostatically tested prior to operation.All portions of the system are accessible for visual examination
and inspection .during normal operation.

A
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The system vill be preoperationally tested in accordance with the
requirements of Chapter 14.

9.2.3.5 In trumentation Re uirements

The flov rate of cooling water to all coolers is regulated
manually by individual throttlinq valves on the cooling water
outlet from each unit. Temperature indicators are provided at
the outlet of each cooler. Test points are furnished across each
cooler to measure pressure.

High and lov level svitches on the TBCCW head tank detect leakage
into or out of the system. Switch operation actuates an alarm in
the control room. 'She TBCCQ heat exchanger outlet temperature
and pressure are monitored. These signals alarm conditions of
system high temperature and/or lov pressure in the control room.

A lov pressure svitch is provided on the cooling water pumps
discharge header to automatically start the standby pump in the
event the system pressure drops below a preset value. The svitch
also actuates an alarm in the control room.

9-2 4 GASEOUS BADWASTE BECONBINEB CLOSED COOLING WATER
S YSTEM

9~.4. 4 De~si 4 Basis

The Gaseous Radvaste Becombiner Closed Cooling Water (GRRCCW)
System has no safety related function and is a. closed loop
coolinq system that transfers heat from the gaseous radvaste
recombiner condensers to the service water system through the
GRRCCW heat exchanqers.

The GRRCCW system is required to operate only during normal plant
operation.

9 2.4. 2 ~Sstem Descr~ition

A separate GRRCCW system is provided for each of the three
recombiner trains. Each closed cooling water system consists of
one cooling vater pump, one heat exchanqer, one head tank, one
chemical addition tank, associated valves, pipinq and controls as
shown on Piqure 9. 2-4. The system is designed to ANSI B31. 1

requirements. The system piping is carbon steel designed for a
primary rating of 125 psiq at 3500P.
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The GRRCCW system furnishes cooling water to only its respective
gaseous radwaste recombiner condensers.

During normal operation when a re'combiner train is in operation,
the heat transferred from its respective GRRCCW system to the
service water system is 21 x 106 Btu/hr in the heat exchanger.
At this time the single cooling water pump and heat exchanger are
in operation. The cooling water pump is rated at 1450 gpm at a
head of 100 ft. Since the recombiner condensers'are the only
components on the GRRCCW system, no throttling valves are
required for flow regulation.

The closed cooling water temperature leaving the GRRCCW heat
exchanger is automatically controlled by a flow control valve
located on the service water side. Automatic control is carried
out by a temperature indicating controller which maintains the
closed cooling water temperature at a constant 105 F. When a
recombiner train is in operation, the closed cooling water pump,
which is started by manual initiation in the control room,
circulates the cooling water throughout the GRRCCW system.

The head tank, which is located at the highest point in the
system, accommodates thermal expansion and provides ample net
positive suction head (NPSH) to the cooling water pump. The head
tank, which has a nominal capacity of 400 gallons, also provides
necessary makeup water as required.

The GRRCCW supply and makeup is furnished from the demineralized
water system. When required,'chemicals are added to the system
through the chemical addition tank (15 gallons capacity) to
maintain a concentration of 500 ppm of chromates for corrosion
prevention:

The GRRCCW system pump, heat exchanger, head tank and chemical
addition tank are all located in the Turbine Building.

9.2.4.3 Safet Evaluation

Failure of the GRRCCW system will not compromise any safety-
related system or component or prevent a safe shutdown of the
plant.

9.2.4.4 Testin and Ins ection Re uirements

The GRRCCW system is .hydrostatically tested prior to operation.
All portions of the system are accessible for visual examination
and inspection during normal operation.
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The system vill be preoperationally tested in accordance with the
requirements of Chapter 10.

A temperature indicator is provided at the outlet of the
recombiner train. Test points are furnished across the
recombiner train for pzessure measurement. A flow element

has'eenincluded in the system piping for flow determination.
High and lov level switches on the GRRCCM head tank detect
leakage into oz out of the system. Svitch operation actuates analarm in the control zoom. The GRBCCM heat exchanger outlet
temperature and pressure are monitored. These signals alarm inthe control rocm conditions of- system high temperature and/or lov
pressure.

The closed coolinq water pump operation is controlled by a
handswitch located in the control zoom. A low pressure switchlocated on the pump discharge header signals an alarm in thecontrol room if system pressure falls belov a preset value.

S 2 5 EMERGENCY SERVICE 'MATER

SYSTEM'he

Emerqency Service Mater System (ESMS) has a safety relatedfunction and is an engineered safeguard system designed to supplycooling water to the emerqency diesel generator units, BHR
pumps, and to those room coolers required during normal and
emerqency conditions necessary to safely shut down the plant.
The ESMS is desiqned to take water from the spray pond (theultimate heat sink), pump it to the various heat exchangers andreturn it to the spray pond by way of a network of sprays thatdissipate the heat to the atmosphere.

The ESWS is required to supply cooling water to:
a) The RHR pump room unit cooler, the .bearing oil coolers,

and seal coolers of each RHR pump during all modes of
operation of the RHR system.

b) All the heat exchanqers associated with the diesel
qenerators durinq emergency operation and test modes.

c) The room coolers for the core spray (CS) pumps, the high
pressure coolant injection (HPCX) pumps, and reactor
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core isolation cooling (RCIC) pumps during the operation
of these systems.

d) The control structure chiller, emergency switchgear and
load center cooler, reactor building closed cooling
water (RBCCW) heat exchangers, and the turbine building
closed cooling water heat exchanger (TBCCW) during
emergency operation.

e) Makeup to the fuel pools.

The ESWS starts automatically within 60 sec after the diesel
generators receive their start initiation signal, but it can also
be started manually from either the main control room or from
either of the two remote shutdown panels.

The ESWS is designed to operate during any of the following
conditions:

a) Loss of offsite power

b) The operational basis earthquake (OBE)

c) Design high and design low level spray pond conditions.

It is also designed to remain functional following the design
Safe Shutdown Earthquake (SSE).

The ESWS has sufficient redundancy so that a single failure of
any active component, assuming the loss of offsite power, cannot
impair the capability of the system to perform its safety related
functions.

The system is designed so that the emergency service water is at
a higher pressure than each of the fluids being cooled. This
avoids the possibility of any radioactive leakage into the
system.

The ESWS is provided with a pipe break detection system to
monitor both. loss of cooling water and high water level in rooms
containing equipment using ESW. Any difference between inlet and
outlet flows will be recorded and annunciated. Flooding
detectors will annunciate high water level in the rooms.

The ESWS will operate under the conditions set by the design
basis accident (DBA) for no less than 30 days with no water
makeup to the spray pond. Under these conditions the pond's
depth will always be greater than the minimum submergence of 7 ft
required by the pumps (see Subsection 2.4.11.5).

Active components of the ESWS can be inspected and tested during
plant power generation.

Rev. 26, 9/81
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The system is designed for the 40 year life of the plant.

The ESQS is shown schematically in Figures 9.2-5a and 9.2-5b.
The system consists of two loops each of which is designed to
supply 100 percent of the ESP requirements to both units and the
common emerqency diesel generators simultaneously. Plant
shutdown flow rates are listed in Table 9.2-2. Each loop'as two
50 percent capacity, vertical, turbine type, single stage pumps
operatinq at 1780 rpm and rated at 6000 gpm each. These are
located in the engineered safeguard service water pumphouse which
is built at the edge of the spray pond. Description of the
pumphouse is found in Subsection 3.8.4.
The emerqency service water flows through the tube side of all
heat exchanqers, except for the RHR pump seal coolers in which. it
flows through the shell side. All heat exchangers, except those
in the RHR pump motor coolers, and the RHR pump seal water
coolers have 90/10 Cu-Ni tubes. The RHR pump motor oil coolers.
and seal water coolers have type K copper tubes and type 304
stainless tubes respectively.
The supply and return piping is made of carbon steel with a
1j4 in. corrosion allowance. All piping outside of the
pumphouse, main plant, and spray pond is buried and it is coated
and wrapped for corrosion protection. The buried pipe is
predominantly 36 in. diameter, which can be entered and visually
examined. Nanways with removable blind flanges are provided to
allow periodic inspection of the inside of the pipe and also of
sample coupons that are installed to provide an indication of" the
corrosion rate of the carbon steel pipe.

In-service inspection will be in accordance with ASHE BGPV Code,,
Section XI for Section III, Class 3 components. The piping is
designed, fabricated, inspected, and tested in accordance with
requirements of ASHE BGPV Code, Section III, Class 3. The spray
pond piping network and ESSM pumphouse are described in
Subsections 9.2.7 and 3.8.4

During normal power generation the ESMS is not operating but is
available for shutdown or emergencies. The system is initiated
automatically once the emergency diesel generators have started'.
(see Subsection 9. 2. 5. 1) .

Each of the two ESRS loops supplies separate equipment in each;
unit, except in the case of the common emergency diesel
generators. This arrangement provides the necessary

cooling'apacityrequired by both units while maintaining the redundancy
of active components and loops. The emergency diesel generator
heat exchangers are connected to both ESSES loops and they can be
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supplied by either. Motorized valves are installed in each loop
so that these heat exchanqers can be isolated from a failed loop
and still be supplied with coolinq vater from the other loop.
The ESWS return headers tc the spray pond are combined vith the
RHRSMS return headers before discharging into the pond. Loss of
one RHRSWS/ESMS loop does not affect the capability of the second
locp to safely shut down either or both units during emergency
conditions.

Motors of the four ESWS pumps are connected to each of the four
diesel generator buses which serve as backup in the case of loss
of offsite power. When loss of offsite pover occurs, the diesel
generators start automatically and these provide emergency pover
for the pumps and motor operated valves. This transfer from the
offsite power source to the standby power supply is autcmatic.

The ESW system, with the exception of the buried piping and the
pipinq in the spray pond, is housed within either the reactor
building or the ESSM pumphouse, both of which are Seismic
Category Z. Tornado protection is discussed in Section 3 3.
Flood design is discussed in Section 3.4. Missile prctection is
discussed in Section 3.5. Protection against dynamic effects
associated with the postulated rupture of piping is discussed in
Section 3.6. Environmental design considerations are discussed
in Section 3.11.

Each unit has tvo 100 percent capacity independent ESMS loops to
supply coolinq water for plant shutdovn. This arrangement
ensures that the full heat removal capacity required is available
after the postulated active failure of a single component.

Each loop .is isolated from the other by barriers, separate
trenches, or distance to ensure that simultaneous loss of both
loops cannot occur.

Failure of either a motor operated valve, a diesel generator, or
pump will not prevent the system from removing the full heat
capacity.

Upon loss of power, all safety related components (pumps, valves,
and instruments) of this system vill automatically be switched to
the standby pover supply (See Section 8.3).
Except for the Reactor Building Closed Cooling Water (RBCCM) heat
exchanger and the Turbine Building Closed Cooling Mater (TBCCM)
heat exchanqer, the entire ESMS including structures, pumps,
motors, piping, valves, heat exchangers, and essential
instruments are designed in accordance with Seismic Category I
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requirements The RBCCW and TBCCW heat exchangers are not
Seismic Category I since these are non-essential services.

Since the RBCCW and TBCCW heat exchangers are manually connected
to the ESW after loss of off-site power, a failure of the non-
safety related piping followed by a single failure in the safety
related emergency service water system will not preclude one of
the ESW loops from performing its safety function. If the single
failure is in the normally closed, fail closed isolation valve,
the remaining loop would not be affected.

Operators will verify the integrity of the non-essential piping
prior to valving it onto the ESW system

Leak detection in the ESWS is monitored by seismically analyzed
flood detectors located in the ESSW structure, in the RBCCW and
TBCCW heat exchanger rooms and in each stand, by diesel generator
room. These detectors alarm in the main control room. In
addition flow elements measure the quantity of water being
discharged by the ESWS pumps and this flow is compared with the
flow discharging into the spray pond as measured by other flow
elements. Any abnormal discrepancy between these flows is
alarmed in the main control room. Flooding effects are discussed
in Section 3.4.

The ESWS is designed to include the capability for testing
through the full operational sequence that brings the system into
operation for reactor shutdown and for LOCA, including operation
of applicable portions of the protection system and the transfer
between normal and emergency power sources.

The ESWS pumps, piping, and heat exchangers are sized to provide
the flow and cooling capacities required by the various RHR pump
and motor coolers during any mode of RHR operation. Tables 9. 2-
3, 9.2-4 and 9. 2-5 show the users and cooling duties on the ESW
cooling

cycle.'able

9.2-3 lists all users; Tables 9.2-4 and 9.2-5 relate users
to time for two types of shutdown.

j

Tables 9.2-4 and 9.2-5 are based on one of the four diesels being
taken out of operation and placed on standby status after 24
hours of operation. The cooling loads are carried out to 30 days
after the shutdown initiation since this is the design life of
the ultimate heat sink for operation without make-up water. The
operation of all equipment listed at the cooling duty shown
represents design conditions Under actual operating conditions
certain pieces of equipment may be shutdown or operated under
reduced loads.
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9.2.5.4 Tests and Inspections

The ESSES will be hydrotested in accordance with ASNE Section III.
Pipe welds are subjected to heat treatment, testing, and
inspection according to ASME Section III and the material
specification.
The system components will be preoperationally tested in
accordance with the requirements of Chapter 14.

The ESSES will be tested during normal plant operations in
accordance with the requirements of Chapter 16.
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9.2.5. 5 Instrumentation A~lications

logics and instrumentation are discussed in Subsection 7.3 1.1b
and the displays are discussed in Section 7.5. A complete list
of the system's process instrumentation is provided in Table 7. 5-

The ESMS pumps are designed for remote operation from the control
room. One loop can be remotely operated from either of the two
remote shutdown panels. Each loop has been provided with a pump
discharge pressure transmitter, the indicator for which is in the
control room, and each pump chamber is provided with a low level
submergence switch which alarms in the control room.

9 2 6 RHR SERVICE WATER SYSTEM

The Residual Heat Removal Service Water System (RHRSWS) has a
safety related function and is an engineered safeguard system
designed to supply cooling water to the residual heat removal
(RHR) heat exchangers of. both units

The RHRSMS is designed to take water from the spray pond (the
ultimate heat sink), pump it through the RHR heat exchanger, and
return it to the spray pond by way of a spray network that
dissipates the heat to'the atmosphere.

The RHRSMS is designed to provide a reliable source of cooling
water for all operating modes of the RHR system including heat
removal und,er post-accident conditions, and also to provide water
to flood the reactor core or the primary containment after an
accident, should it be necessary.

The RHRSMS is designed to operate under any of the following
conditions:

a) Loss of offsite power

b) Design high and design low level spray pond conditions

c) A safe shutdown earthguake (SSE).

The RHRSMS is designed with sufficient capacity and redundancy so
that a single failure of any active component, assuming the loss
of offsite power, cannot impair the capability of the system to
perform its safety related functions.
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A radiation monitor is provided in the RHBSM service water
discharge piping from each RHR heat exchanger to alarm in the
event of high activity level.
The BHRSMS is provided with a pipe break detection system to
monitor both loss of cooling water and high water level in rooms
containing equipment using RHRSM. Any difference between inlet
and outlet flows will be recorded and annunciated. Flooding
detectors will annunciate hiqh water level in the rooms.

The RHRSMS is desiqned with the capability to operate under theconditions set by the design basis accident (DBA) for no less
than 30 days without water makeup to the spray pond The pond's
depth will always be greater than the minimum submergence depthof 5 ft required by the pumps. (See Subsection 2.4.11.5)
Active components of the RHRSMS can be inspected and tested
durinq plant power generation.

The system is designed for the 40 year life of the plant.

9 2 6.2 ~sstem sescci tice

The BHRSMS is shown schematically in Figure 9.2-6. The systemconsists of two RHRSMS loops per unit supplying cooling water to
each RHR heat exchanger, and each loop is cross-connected between
Unit 1 and Unit 2 so that it can supply cooling water to either
RHB heat exchanger. Each loop has two 100 percent capacity (for
one unit) vertical, turbine type, two stage pumps operating at
1 180 rpm, and a rated capacity of 9000 gpm. These are located in
the ESSM pumphouse located at the edge of the spray pond.
Description of the pumphouse is found in Subsection 3.8 4. The
RHR heat exchanqers are described in detail in the RHR system.

The'HR service water flows through the tube side of the RHR heat
exchanqers, the tubes of which are made of corrosion resistant
90-10 Cu-Ni in accordance with ASHE Section II, SB-111. To
reduce corrosion in the water boxes, deminera3.ized water will be
pumped into the heater channels to replace the spray pond water
when the RHRSM is not in operation.

The supply and return piping is made of carbon steel with a 1/4in. corrosion allowance. All piping outside of the pumphouse,
main plant, and spray pond is buried and it is coated and wrappedfor corrcsion protection. Tpe buried pipe is predominantly 36
in. diameter, which can be entered. Hanways with removable blind
flanqes are provided to allow periodic inspection of the inside
of the pipe and also of sample coupons that are installed to
provide an indication cf the corrosion rate of the carbon steel
pipe. In-service inspection will be in accordance with ASME BGPV
Code, Section XI for Section III, Class 3 components.
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The pipinq is designed, fabricated, inspected, and tested in
accordance with requirements of ASIDE BSPV Code, Section IXI,
Class 3. The spray pond piping network and ESSM pumphouse are
described in Subsections 9.2.7 and 3.8.4, respectively.

During normal power generation the RHRSMS is not operating, but
is available for normal shutdown or emergencies.

When under emerqency conditions, the RHRSW pump motors obtain
their power from the standby power supply. The pumps are started
manually 10 min after the diesel generators start. Waiting 10
min allows sequential loadinq of the diesel generators so that
they will not be overloaded.

The buried pipe runs of each of the two RHBSMS loops are shared
by both units and this provides the necessary capacity reguired
for both units while maintaininq the redundancy of active
components and loops. Both the cooling water discharging from
the BHR heat exchanger and the cooling water headers to the spray
pond discharging from the corresponding ESM system are returned
to the spray pond in a common header Loss of one RHRSMS/ESWS
loop does not affect the capability of the second loop to safely
shut down either or .both units during emergency conditions.

Motors of the four RHRSMS pumps are connected to each of the four
diesel generator buses that serve as backup in the case of loss
of offsite power. When loss of offsite power occurs, the diesel
qenerators start automatically, providing emergency power for the
pumps and motor operated valves. This transfer from the offsite
power source to the standby power supply is automatic. Although
the transfer from offsite power to standby power supply is
automatic, the pumps themselves have to be started manually.

To prevent freezing, there is provision for dzaining the piping
in the spray pond

The RHBSM system, with the exception of the buried piping and the
piping in the spray pond, is housed within either the reactor
building or ESSM pumphouse, both of which are Seismic Category I.
Tornado protection .is discussed in Section 3.3. Flood design is
discussed in Section 3.4. Missile protection is discussed'n
Section 3.5. Protection aqainst dynamic effects associated with
the postulated rupture of pipinq is discussed in Section 3.6.
Environmental desiqn considerations are discussed in Section
3 11

Each qeneratinq unit has two independent RHBSMS loops, one for
each BHR heat exchanger, to supply cooling water for plant
shutdown. This arrangement ensures that the full heat removal
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capacity required is available after the postulated active
failure of a single component.

Each loop is isolated from the other by barriers, separate
trenches, or distance to ensure that simultaneous loss of both
loops cannot occur,.

Failure of either a motor operated valve, a diesel generator, or
RHBSW pump will not prevent the system from removing the full
heat capacity.

The entire RHRSWS including structures, pumps, motors, piping,
valves, heat exchanqers, and essential instruments are designed
in accordance with Seismic Category I requirements

,The RHRSWS is desiqned to include the capability for testing
through the full operational sequence that brings the system into
operation for reactor shutdown and for LOCA, including operation
of applicable portions of the protection system and the transfer
between normal and emergency power sources.

The RHRSWS pumps, pipinq, and heat exchangers are sized to
provide the flow and cooling capacities required by the RHR
system during any mode of its operation. Tables 9.2-3 thru 9.2-
5 show the users and cooling duties on the ESW cooling cycle.
Table 9.2-3 lists all users; Table 9.2-4 and 9.2-5 relate users
to time for twc types of shutdown.

Table 9. 2-4 and 9.2-5 are based on one of the four diesels being
taken out of operation and placed on standby status after 24
hours of operation. The coolinq load Tables 9.2-4 and 9.2-5 are
carried out to 30 days after the shutdown initiation. Thirty
days is the design life of the ultimate heat sink (spray pond)
for operation without make-up ~ater. The operation of all
equipment listed at the cooling duty shown represents design
conditions. Under actual operatinq conditions certain pieces of
equipment may be shutdown or operated under reduced loads.

9 2.6.4 Tests and In~s ections

The RHRSWS will be hydrotested in accordance with ASMZ SectionIII. Pipe welds are subjected to heat treatment, testing, and
inspection according to ASIDE Section III and the material
specification.
The system will be preoperationally tested in accordance with the
requirements of Chapter 14.
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The RHBSHS will be tested during norm plant operations in
accordance with the requirements of Ch,lpter 16.

9.2.6 5 Insttuaentaticn A221ications

Logics and instrumentation are discussed in Subsection 7.3.1.1b
and the dis'plays are discussed in Section 7. 5. A complete list
of the "system's process instrumentation is provided in Table 7.5-
1

'he

BHRSMS pumps are designed for remote operation from the
control .room. One loop from each unit can be remotely operated
from either of the two remote shutdovn panels. Each pump has
been provided with a discharge pressure transmitter, the
indicator for which is in the control room. Each pump chamber is
provided with a lov level submergence switch that alarms in the
control room.

The main water supply line to each heat exchangec is instrumented
with control room mounted flov indication, lov flow alarm, high
temperature alarm, and low pressure alarm. Each heat exchanger
has control room operated isolation valves on the inlet and
outlet, vhich remain closed until the system is operated or
tested

Double remotely opecated isolation valves are provided on the
cross-tie lines betveen the RHRSM system and the RHR pump
discharge for flooding the containment if such action is
necessary and no other source of water is available.

9 2 7 OLTENATE HEAT S'INK

The ultimate heat sink has safety related functions and provides
cooling water for use in the Engineered Safeguacd Service Water
system, described in Subsections 9.2.5 and 9.2.6, during ESSM
testing, normal shutdovn, and accident conditions.

9 2.7 1 Design Bases

The ultimate heat sink is capable of providing sufficient cooling
for at least 30 days to (a) permit simultaneous safe shutdown and
cooldown of both nuclear reactor units and maintain them in a
safe shutdown condition, or (b) mitigate the effects of an
accident in one unit, permit safe control and cooldown of the
other unit, and maintain it in a safe shutdown condition.
Continued cooling beyond 30 days is ensuced by use of the makeup
pumps to keep the pond at normal water level. The makeup 'pumps
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are desiqned to operate below the historic minimum vater level of
the Susquehanna River and can be used, in an emerqency, dovn to
any river flow at vhich they can physically draw water. In the
event that makeup water from the makeup pumps is not available,
additiona l provisions vill be made in the 30 days available to
assure continued cooling of the emergency equipment beyond 30
days. These provisions include but are not limited to; re-
establishing makeup pump flow to the spray pond, emptying the
cooling tower basins into the spray pond, trucking in water from
neighboring vater sources (such as the Susquehanna River), and.
providing temporary pumps and/or lines to pump vater from
neighboring water sources (such as the Susquehanna River, on site
storaqe tanks, well water, etc.). This is in compliance with NBC
Regulatory Guide 1.27 Rev. 2 as discussed in Section 3.13.

The ultimate heat sink is also capable of providing enough
cooling water without makeup, for a design basis LOCA in one unit
with the simultaneous shutdown of the other unit, for 30 days
while assuming a concurrent SSE ~ single failure, and loss of
offsite power. This event is evaluated in Subsection 9.2.7.3.1.
The ultimate heat sink consists of at least one highly reliable
vater source with a capability to perform the safety function
required above during and after any one of the followinq
postulated design basis events:

a) The most severe natural phenomena. including the safe
shutdown earthquake, tornado, flood, or drought taken
individually

b) Nonconcurrent site related events including loss of
offsite power, transportation accidents, or oil spills
and fires

c) Reasonably probable combinations of less severe natural
phenomena and/or site related events

'I

d) Any credible sinqle mechanistic failure of a man-made
structure or component.

Codes and standards applicable to the ultimate heat sink are
listed in Table 3.2-1.

9 2 7. 2 System Description

9.2.7.2. 1 General Description

The ultimate heat sink for both units consists of the Susquehanna
River and one Seismic Cateqory I spray pond. These vater sources
ensure that a reliable source of cooling water is available, for

Rev. 26, 9/81
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shutdown and cooldown of the reactor, and for mitigation of
accident conditions. Pertinent design data for ultimate heat (2
sink components is given in Tables 9.2-6 and 9.2-7.

The spray pond is initially filled from the Susquehanna River.
Pond level is maintained under normal conditions by rainfall on
the pond surface (46. inches per year average) and by a small
continuous flow of makeup water from the Susquehanna River. The
average rainfall will generally exceed the average evaporation
from the pond by 2 million gallons per year. This excess
rainwater will tend to decrease the concentration of total
'dissolved solids gTDS) in the pond. This decrease is offset by a
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shutdovn and cooldovn of the reactor, and for mitigation of
accident conditions. Pertinent. design data for ultimate heat
sink components is given in Tables 9.2-6 and 9.2-7.

The spray pond is initially filled from the Susquehanna River.
Pond level is maintained under normal conditions by rainfall on
the pond surface {46 inches per year average) and by a small
continuous, flow;of makeup water from the Susquehanna River. The
averaqe rainfall will generally exceed the average evaporation
from the pond by 2 million gallons per year. This excess
rainvater vill tend to decrease the concentration of total
dissolved solids (TDS) in the pond. This decrease is offset by a
small amount of hot circulating water (less than 100 gpm) which
may:be used to de-ice the screens at the pump suctions. Thus the
concentration of dissolved solids is maintained-near that of the
pond<s initial fillvater by a balance of rainvater, makeup from
the river, evaporation and de-icing water.

During an emergency, accompanied by the loss of makeup pumps,
approximately 40% of the pond water is lost by evaporation over
30 days. This approximately triples the concentration of
dissolved solids in the pond. Drift and other losses can
increase the total losses to approximately 80% of the initial
volume, hovever, this does not increase the pond concentration of
dissolved solids. Assuming the highest initial pond water
dissolved solids concentration (See Table 3 3-2 in the
Environmental Report Operating License Stage (EROLS)), the pond
water can be concentrated to 55%. of its initial volume before
scaling vould occur at 140~F. The emergency condition can
persist for over tvo weeks before a small amount of acid and a
proprietary orqano-phosphate or equivalent is added to inhibit
scale formation. The composition of the pond water is monitored
periodically by grab samples.

The PSAR described the flow of,cooling tover blovdovn through the
spray pond and then to the river. This original routing vas
selected for environmental. reasons. The EROLS section 10.10 now
states, that the coolinq tower blowdovn bypasses the pond and
flows directly to the river.. This revised routing has been
selected based upon a re-assessment of environmental
considerations of flow through the pond. The direct route to the
river also eliminates many of the temperature and chemical
problems'f spray pond water management.

9. 2.7.2. 2 Cg~mogegt ~Dscg~i~ign

Generally the ultimate heat sink consists of a concrete lined
spray pond covering approximately 8 acres and containing
25,000,000 qal of vater, and an ESSQ intake structure housing
four RHRSQ pumps and four ESM pumps vhich pump the vater from the
pond throuqh their respective loops and back to the pond through
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a network of sprays located in the pond. The pond and ESSI
pumphouse are described in more detail, in Subsection 3.8.4.1 and
shown on Figures 3.8-94 through 3.8-98.

The spray pond is a Seismic Category I design excavated below
grade and has a normally maintained water level of 678.5 ft HSL.
The spray pond water volume is adequate for 30 days of cooling
without any makeup, as demonstrated in Subsection 9.2.7.3, and is
concrete lined to minimize seepage.

'I

The ESS'R intake structure which houses the RHRSQ pumps and ESSES
pumps is'ocated on the spray pond so that a positive water
supply is provided at, all times to each pump suction. The pumps
are the vertical type and the pump pit dimensions are such that
the required NPSH for each pump is ensured even at the minimum
water level. The spray pond location is shown in Section 1. 2.
The ESSM intake structure is Seismic Category I and its design is
explained in Subsection 3.8.4.

The spray system for the pond consists of one Seismic Category I
network for each ESSM service water train. Each network is being
sized to provide a uniform pressure of about 7 psig at each spray
nozzle throughout the network for a uniform water spray- The
nozzle, Spray Engineering Model 1751A, is shown in Figure 9.2-23.
The nozzles are precision-cast and are of a design that provides
good thermal performance while minimizing drift loss. The
nozzles have no internal parts that are susceptible to clogging.
The pipi'ng in the spray system is designed and installed in
accordance with ASHE Section III, Class 3.

Pour one-third capacity 13, 500 qpm motor driven pumps are located
in the river intake structure. They supply makeup water to the
entire plant through a buried line sized to provide sufficient
water to replenish the losses resulting from normal operating
plant demands such as the cooling tower basins as well as makeup
to the spray pond. An 18 in. makeup connection to the spray pond
is tapped off the main 42 in. supply line at a point close to the
spray pond. The makeup line, which is also used for de-icing, is
arranqed in such a manner as to avoid the possibility of water
draininq from the pond if a failure occurs in the makeup supply
system. -This line is used to fill the pond initially and torefill it -followinq its use as the result of an emergency when
the pond is not in use the only loss is by evaporation, which is
made up by rainfall and a continuous flow of water through a 4
in. bypass line around the closed isolation valve in the 18 in.
makeup line. Any excess water in the pond flows over a weir and
back to the river. Meteorology for the area indicates that
rainfall is expected to add more water to the pond than is lost
by evaporation.

9 g.7.2. 3 Sggtgg Opg~tgon
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Summer Startu2 and Ooeration

The conditions that could exist in the pond during summer startupvill be less severe than the conditions that could exist .during
summer operation. Ho attempt vill be made to start up either
unit if the pond is not full.
During.periods of summer operation vith no spraying but,high
ambient wet bulb temperatures, the pond temperature vill approach,
the equilibrium temperature which is that temperature a stagnant
body of vater vill reach after prolonqed exposure to the ambient
conditions. The maximum Susguehanna pond temperature vas
calculated to be 89~P under these conditions.
Under normal plant operatinq conditions, the maximum pond
temperature vill approach the equilibrium temperature. Technical
Specification limits have been established to limit plant
operation if the pond bulk temperature reaches 88 P. This
temperature has been calculated to be the maximum allowable
startinq temperature if the ESSM temperature is to be limited to
95~P under the worst meterological and plant accident conditions.
The total pond vater volume is assumed to start at the highest
pond temperature reached after exposure to the worst ambient
conditions. This assumption is conservative, since at times of
generating unit startup, the pond temperature vill actually be
belov this assumed value. A lover pond temperature will increase
the quantity of sensible heat that can be absorbed by the water
volume. Summer startups will therefore impose no limitation on
the ultimate heat sink capability
Winter Startup hand gg~e ation

Startup of either unit vill not be implemented unless the spray
pond, spray network, and pumping system are available for
operation.

At times of subfreezing temperatures, procedures will be enforced
to prevent icing of the spray system. These consist primarily of
the follovinq:

a) Simultaneous shutdovn of both units for refueling or
extended maintenance would, if possible, be scheduled to
avoid midvinter conditions, thus avoiding the
possibility of freezinq the ESSM pump suctions after the
heat source is exhausted.

b) The total return flow of both the RHRSW and ESW pumpsvill be first discharged directly into the pond, through
a bypass line, vithout passing through the spray
network. This, will permit the operation of the pond if
nozzles become covered with ice from, for example,.a
freezing rain. As the water temperature in the pond

9 2- 25
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increases, conduction of heat to the nozzle vill melt
any accumulated ice. The bypass lines enter above the

. pond level so that they drain to prevent freezeup and
therefore always assure a flow path for the ESW 8 RHRSM.
The bypass lines are located betveen the tvo spray
netvorks, approximately 400 feet away from the pump
suctions. The physical distance betveen the pump
suctions (which are kept ice free) and the return lines

, makes the probability of increasing the water
temperature of the pump suction above the design maximum
temperature due to short circuiting vithout
significantly thawing the pond negligible. An overview
of the pond piping and bypass lines are shown on Pigure
9.2-24 Sh. I. The bypass lines are numbered as 36'~ HRC-
1 and 36"HRC-2.

c) Portions of the nozzle header and riser system that are
located above pond vater level can be drained vhen not
in service. Draining is accomplished by pumping the
water out of the pond, piping at the lov point. The
resulting water level in the pipe is more than 2 ft
below the pond water level.

d) The majority of the vater distribution system associated
with the ultimate heat sink vill be either buried below
the frost line or located inside heated buildings and
therefore not exposed to freezing problems.

e) Any sections of the piping vhich are either not within
buildings, or drainable will be electrically traced to
protect against freezing. This electrical supply for
the tracing is not supplie'd from the diesel generators
since, in the event of auxiliary power loss, heated
vater vill be floving in the piping that is traced.

The maximum expected ice thickness, assuming there is no heat
load on the spray pond, is estimated to be 22 inches, which
agrees closely with the maximum expected ice thickness based on
probability studies that used field data for colder regions of
North America (Ref 9. 2.7. 9. 4) .

The extreme veather conditions used for the above analysis vere
obtained from meteorological records and were based on the month
having the lowest average dry bulb temperature. This average
temperature vas used for the analysis and the resulting estimate
of maximum ice thickness is therefore conservative.

With the extreme (cold) meteorological conditions considered, no
provision is made to prevent freezing .of the spray pond surfaceif both units vere shut down at the same time. However, freezing
of the pond when the units are shut down is not a safety concern.
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9.2.7.3 Safety @valuation

The ultimate heat, sink spray pond is. capable of providing enough
cooling water to safely shut down and cool down both reactors,
without the addition of makeup water, for 30 days concurrent
vith any of the following postulated design basis events:,,--

Y

a) SSE ~ flood or drought.

b) :-Any 'single site related event.

c) - A reasonably probable combination of less severe riatural
phenomena and/or site related events.

d) Man-made structural features of the spray pond, are
desi.qned considering all conceivable failure mechanisms,
includinq the SSE and design basis tornado effects.
Conservative allowances are added to the spray pond
water volume to account for seepage through the liner.
(See Table 9.2-8)

Where the above design events could result in the loss of offsite
power, such a loss is assumed. In addition, a single failure is
postulated.

The ESSW intake structure is located directly adjacent to the
spray pond; therefore, no canals, conduits, or waterways are
associated with or required to ensure positive water flow to the
suction of the RHRSW pumps and ESW pumps.

The pumps for each loop are in separate closed rooms vithin the
ESSW pumphouse. There are no communication pathvays between pump
rooms. Internal floodinq due to a leakage crack in the. moderate
energy pipinq would be mitiqated by four 3'y 3'penings vith
qratings vhich drain, to the spray pond. The pump room doors are
at an elevation 3 inches higher than the drains to contain the
leakaqe, estimated at less than 1600 gpm (BTP NEB 3-l), to vithin
the room. Therefore, floodinq in one pump room will have no
effect on the safe shutdown capabilities of the other loop

If a torriado passes over the site and causes a loss of vater from
the spray pond, makeup water will be provided by either the
makeup vater pumps or in an extreme emergency the cooling tower
basins ,The minimum operating water elevation in the spray pondwill be 678.50~ NSL The maximum anticipated elevation will be
681.70~ which occurs under PIP conditions. The only postulated
exception to these limits is that during the event of a tornado
passing over the pond, the water level may temporarily be lower
than elevation 678.50 'esulting from tornado effects.
The power supply to the motors for the makeup vater pumps is
provided from an offsite pover source through underground cables.
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Even if one of the makeup pumps fails, a sufficient flow of vater
to the spray pond is ensured since each of the four pumps is
designed to deliver one-third of the total plant makeup flow
requirement.

All spray network headers are located in concrete trenches at the
bottom of the spray pond and covered vith concrete t8" thick'..to.
resist the impact of a tornado missile.
The spray pond and its associated ESSQ intake structure are
protected from the'aximum probable flood level as discussed in
Subsection 2.4.8. If a flood requires shutdovn of the plant, the
spray pond will supply the required cooling vater for a 30 day
period~

The spray pond is designed to contain the total volume of water
required for 30 days of cooling vithout makeup. After 30 days
vater will be available from the river for makeup to the pond for
long-term cooling. The Susquehanna River is a reliable source of
vater even during a severe drought (see Section 2.4}. As aresult of the reliability of the river and the spray pond, a
drouqht has no impact on the operation or shutdown of the plant.
The potential for incapacitating accidents on the site has been
evaluated and is discussed in Section 2.2. The physical
remoteness of the ultimate heat sink to the avenues used for bulk
petroleum transportation makes massive fouling of the heat sink
surface by an oil spill unlikely. Vehicles delivering diesel
fuel oil to the site will not be permitted to remain in'he area
of the ultimate heat'sink in order to prevent an accident
involving the delivery vehicle, which could result in an oilspill.
A fire would have minimal impact upon safe shutdovn cooling,
inasmuch as the ultimate heat sink and related equipment are
larqely heat resistant or noncombustible Hovever smoke
detectors are installed inside the ESSQ intake structure and COfire extinquishers are located there. A hydrant is also
available adjacent to the structure.
The credible failure of a man-made structural feature vill not
result in the loss of the ultimate heat sink safety function.
The lined spray pond is constructed by excavation and is not
subject to catastrophic failure (see Subsection 2.5.5).

9. 2.7.3. 1 30-Day Transient

The Seismic Category I spray pond has enough water available for
at least 30 days without makeup and the design maximum cooling
water temperature is .95~F which is based on the worst atmospheric
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The Seismic Cateqory I spray pond has enough water available for
at least 30 days vithout makeup and the design maximum cooling
water temperature is 95OF which is based on the worst atmospheric
conditions on record Analyses have been performed to
demonstrate the ability of the spray pond to meet these criteria.
In analyzinq the ability of the spray pond to dissipate the heat
rejected from both the RHRSW and ESW systems, alternative 30 day
transients have been considered The method of analysis is
presented in Subsection 9.2.7.3.2, and a discussion of the
results will be found in Subsection 9.2.7.3.7

An analysis of the 30 day transient coincident with loss of
offsite power to both generating units is presented below.

If both qeneratinq units have been operatinq at full power and a
LOCA occurs on one unit, followed by a forced shutdown (without
offsite power) on the second, the following sequence of events is
assumed to occur:

a)

b)

Both reactors would be scrammed and both turbine-
qenerators isolated.
The loss of power would cause loss of makeup and
circulatinq water and loss of condenser vacuum on both
units.

c) Safeguard equipment, common to both units, would be
actuated {four diesels, four ESW pumps) .

d) On the unit experiencing the LOCA, all safeguard
equipment would be actuated (four core spray pumps, four
RHR pumps, ADS, and HPCI) .

e) On the unit underqoing the forced shutdown due to loss
of offsite power, the RCIC and HPCI system would actuate
to hold reactor water level while the safety relief
valves limit reactor pressure

f) All supporting systems associated with the above steps
would be brought into service (eg, die el-generators,
emergency service vater, RHR service water).

The occurrence of the accident automatically initiates safeguards
operation. After 10 minute's, the equipment is operator
controlled and, by defining the time these operations are
started, the heat rejected to the ultimate heat sink is
established. This complicates the analysis and necessitates the
study of alternative means. of shutdown to determine which result
in the limiting heat sink criteria. The most stringent criteria
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conditions on record. Analyses "have been performed to
demonstrate the ability.of the spray pond to meet these criteria.
In analyzinq *the ability of the spray pond to dissipate the heat
rejected from both the BHRSI and BSQ systems, alternative 30 day
transients .have been considered. The method of analysis is
presented in Subsection 9.2.7.3-2, and a discussion of the
results will be;found in Subsection 9-2-"7'-3-7-"

An analysis of the 30 day transient coincident with loss ofoffsite pover to both generating units is presented below.

If both generating units have been operating at full'over and a
LOCA occurs on one unit, followed by a forced shutdovn (withoutoffsite power) on the second, the following seguence of events is
assumed to occur:

a) Both reactors vould be scrammed and both turbine-
generators isolated.

b) The loss of power would cause loss of makeup and
circulating vater and loss of condenser vacuum on both
units. Loss of the main condenser places maximum heat

- dissipation requirements on the ultimate heat sink.

c) Safeguard equipment, common to both units, vould be
actuated (four diesels, four ESH pumps)

d) On the unit experiencinq the LOCA, all safeguard
equipment would be actuated (four core spray pumps, four
RHR pumps, ADS, and HPCI)'.

e) On the unit underqoing the forced shutdown due to loss
of offsite power, the RCIC and HPCI system would actuate
to hold reactor water level while the safety relief
valves limit reactor pressure. After 10 minutes,
reacto'r vater level vould be maintained by RCIC alone.

f) All supportinq systems associated with the above steps
wou1d be brought into service (eg, diesel-generators,
emergency service water, RHR service water).

The occurrence of the accident automatically initiates safeguards
operation. After 10 minutes, the equipment is operator
controlled and, by defining the time these operations are
started, the heat re)ected to the ultimate heat sink is
established. This complicates the analysis and necessitates the
study of alternative means of shutdovn to determine which result
in the limitinq heat sink criteria.
The maximum head load to the spray pond vill occur with a
LOCA/Forced Shutdown combination, as opposed to a tvo unit. forced
shutdown. Tvo different LOCA/Forced Shutdovn scenarios vere
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developed for this analysis. The shutdown scenario for the
minimum heat transfer case assumes the availability of only one
division of spray networks, thereby minimizing the amount of heatdissipated to the atmosphere. The shutdown scenario used for the
minimum heat transfer case is shown in Tables 9.2-0 and 9.2-21.
The shutdown scenario developed for the maximum water loss case
assumes the availability of both spray networks, thereby-
producing the maximum spray evaporation and drift losses. The
maximum water. loss shutdown scenario is shown in Tables 9.2-5 and9.2-2la

The most stringent criteria were used in the analysis and theresults demonstrated the ability of the Susquehanna SES
spray'ondto meet the performance requirements of an ultimate heat

sink.
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9 2.7.3.2 methods of Analysis

The analysis is directed at providing sufficient information to
define the following three parameters;

a) Pond surface area

b) Pond water volume

c) Nozzle arranqement.

Input Pa ra meters

Heat refection after the postulated accident during the shutdown
sequence is due to decay heat, sensible heat, and auxiliary
system heat loads. For this analysis a decay heat curve from the
NRC Branch Technical Position APCSB 9.2 was used as presented in
Table 9.2-19. The values listed in Table 9.2-19 include fission
product and heavy element contributions to the heat generation
rate. Sensible heat release is included in the mathematical
treatment of the heat removal system model. The diesel generator
and auxiliary system heat loads,~are„:;presented.in Table.9...2,;20.

The coolinq system flow rates released as heat loads to the pond
are, tabulated in Table 9 2-21 for the BHR and RHB Service Mater
Systems and in 'Pable 9. 2-22 for the Emergency Service Mater
System.

The initial conditions assumed for the heat removal system model
are listed in Table 9.2-23. The results of containment analysis
presented in the PSAB were used to determine containment initial
conditions (10 minutes after LOCA for this analysis).
The input parameters used in, the spray pond thermal efficiency
calculations and drift loss calculations are presented in Tables
9 2-24 and 9.2-25, respectively, and are based on spray pond
geometry, assumed shutdown sequence, and synthesized meteorology.

Pond Surface Area

Sufficient area is provided to allow the full complement of spray
nozzles to be. located on the pond surface.

Sufficient area is provided to ensure that the distance of the
outermost line of nozzles to the edqe of the pond is great enough
to prevent unacceptable water losses that result from drift.
Pond Water Volume

Pond water volume has been selected such that the water losses
listed i:n Table 9.2-8 can be experienced over the 30 day
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transient period while the pond is still able to perform the-
necessary cooling duty until the end of the 30th day.

Sufficient water is provided to ensure that the sensible heat-:-
capacity of this heat sink,. together with the cooling ability of
the nozzles, are sufficient to keep the temperature of vater
supplied to the equipment below the design temperature of the
equipment. Bnsurinq that the design temperature is not exceeded,is essential in meeting manufacturers'ecommendations for

'guipmentand also in limiting the containment transient
temperatures that are 'dependent on the RHR service water
temperature.

The pond volume and spray network are designed to limit the
maximum temperature of the Engineered Safeguard-Service Water" to
95oP.

The pond is filled initially with river water, and assuming the
*'ondis not used due to an emergency, no makeup vill be reguiredto maintain the level since the average annual rainfall is in

excess of the water lost from the pond through evaporation and.
seepage Thus the amount of silt deposited on the bottom of the =

pond will be insignificant and consequently, the need to,clean ..the-
pond will be minimal.

An overflow veir fixes the level of the pond as water is
continuously introduced through a 2 in. bypass line around theisolation valve in the 18 in. makeup line; thus, the minimum
level is alvays maintained while either unit is operating. (See
Subsection 2.4.8)

Nozzles and Nozzle Arranaement

Nozzles and nozzle arrangement, shown in Figure 9..2-24, are,
selected such that the optimum heat dissipation is reached,
satisfying the follovinq requirements:

a) There are sufficient nozzles to dissipate the maximum
heat load resultinq from the emergency shutdovn
operation without alloving the pond temperature to
exceed the maximum permissible as discussed above.

b) The nozzles are as close to one another as. possible
vithout hinderinq individual performance.

c) The spray pressure at the nozzles has been selected to
optimize the water droplet surface area for heat
refection while minimizing small droplet generation that
would increase drift losses. The selected nozzle vas
chosen because of the experience of the supplier, wide
use of this particular nozzle, and a spray pattern close
to optimum for minimum drift vith maximum thermal
dissipation

9.2 30
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The piping 'distribution system supplying the nozzles is
arranqed to permit isolation of nozzle networks. This
will permit startup and shutdown of selected RHRSM or
ESR pumps throughout the 30 day transient, while
maintaining optimum nozzle pressure.

Correct nozzle pressure is set hy throttling of a single valve on
each of the two return headers to the pond.

The large number of parameters associated with the above. basic
variables necessitated the development of analytical models
suitable for computer use. There are three principle models and
these are outlined below.

The analysis of the SSES emergency cooling water syst.em is based
on three computer models: the spray cooling thermal performance
model, the drift loss model, and the system response model. Each
of these models are discussed individually.
Use of the three models requires input details on ambient
conditions and these have been prepared by PPGL's meteorological
consultant, Dames 6 Moore. A discussion of the use of the
meteorology report is presented in Subsection 9.2.7.3.6.

The performance of a spray pond depends on many parameters, as
pond geometry, drop size spectrum, wind velocity, atmospheric
conditions and spray heiqht. All the controlling parameters
feasible have been included in the computer model as described
briefly below.

The computer model developed for this analysis includes .the
effects of the following parameters:

'.

Drop mean diameter.

2. W ind speed and direct ion.

3. Air dry bulb temperature.

4. Air wet bulb temperature or relative humidity.

5. Height of nozzles above water level.

6. Pressure drop throuqh the nozzle or height attained by the
spray.

7. Dimensions of the spray volume.
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8. Water flow rate in spray volume.

for high wind speeds (above 3 mph approximately), the heat
transfer mechanism is assumed to be forced convection. For low

','ind

speeds cooling is assumed to be by natural convection only.
The individual spray patterns are lumped together to form the=
spray volume which is divided into a number of increments in the
direction of the air movement. The temperature and vapor content
of the air in each increment is assumed to be uniform within the
increment and is numerically the same:as that exiting the
preceeding increment. The sprayed water temperature, air
temperature, and air moisture content for each increment is
calculated and the results combined to yield an average sprayed
water temperature for the spray volume. A critical aspect of- the
calculation is the determination of the evaporation rate within
the increment. The empirical work of Ranz and Marshall (Ref-of Question 3.71-18) on droplet heat and mass transfer was used
as the basis for the evaporation rate and air temperature
calculations. In their experiments, Ranz and Marshall suspended
a drop from a capillary tube, supplied a known air flow over the
drop surface, and measured the drop temperature, air temperature,
drop diameter {held ccnstant with water flow through the
capillary„tube from a microburet), and„ make-. up flow rate from. the
microburet. In this way the heat

retransfer

coefficients .were
derived hy correlation with the data.

h

The increment mass and energy balance used in the calculation of
spray cooling efficiency is shown schematically in Figure 9. 2-17.
Water enters the increment through the spray nozzles (flow rate m«at temperature Ts ) and exits the increment after undergoing
mass and energy transfer (flow rate m at temperature Tdi ) . The
amount of mass and energy transfered fs calculated from heat'nd
mass transfer coef ficients derived empirically:

N = c =2.0+0.60N N
jl D 1/3 1/2

K
h D

SH —= 2.0 + 0.60 N N
D SC RE

V

where NNU
= Nusselt number

N „ = Sherwood number

h
C

Heat transfer coefficient for conduction and
convection

hd mass transfer coefficient
drop diameter
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D V

thermal conductivity of air-vapor moisture

diffusivity of vapor in air
N

pR P r a n d tl n u m b e r
N = Reynolds number

N = Schmidt number

The enerqy transfer rate is the sum of contribution from
conduction, convection and evaporation. The lifetime of a drop
in the increment, calculated from the pond geometry and other
parameters affecting the drop trajectory, is used with the energy
transfer rate to determine, the temperature of the cooled water
leaving the increment. The moisture content of the air leaving
the increment is determined from the mass transfer (evaporation)
rate and the air flow rate (residence time of the air in the
increment). The temperature of air exiting the increment is
calculated from an energy balance on the increment. The exit air
temperature and moisture content for increment i is used in
increment i + 1 to determine the heat and mass transfer rate in
that increment. This process is repeated until all the
increments have been treated.

At low wind speeds {less than approximately 3 mph), air enters
the spray volume from all sides rather than one; therefore, the
increment'efinition used for low wind speeds is rectangular,
like a picture frame. The air velocity entering each increment
is determined from the density difference between the air-vapor
mixture in the increment and the ambient.

SPray ef fic iencies for wind speeds below 3 mph are calculated
assuminq natural convection only. Spray efficiencies for wind
speeds greater than or equal to 3 mph are calculated assuming
forced convection only. This procedure shows good agreement with
the test results and avoids excessive conservation.

The results of the calculation described above is a set of cooled
water temperatures, one for each increment. Since the air
temperature and moisture content for. each increment is different,
the cooled water temperatures are different. The average cooled
water temperature, T, is calculated.

where

Rev. 26, 9/81
9. 23



SSES-PSAB

T. = incremental cooled water temperature,i
n = number of increments in the spray volume

The thermal efficiency, E , is calculated from the ambient air
wet bulb temperature, T b, and the water temperature before
spraying, T .

S

T — T
S

Eth T -Tbs wb

The thermal performance prediction model gives more conservative
results than other prediction methods available. The primary
conservatism in the model is the lack of convective air motion
into the spray volume, (for all but very lov wind speeds) which
results in lower calculated efficiencies. The convective air
motion is most important at low wind speeds; consequently, the
degree of conservatism increases as wind speed decreases. Since,
thermal performance at low wind speeds is most important, this is
a desirable effect as long as the degree of conservatism is not
unrealistic. Data taken at existing spray ponds has been.;used to
demonstrate the degr'ee "of "conservatism'-of the model."

In the model the temperature of the water being sprayed is
calculated using an iterative technique based on the temperature
of the pond and the heat addition to the spray water at each
increment in time. If the heat dissipated by the sprays is less
than that added to the system, the temperature of the water
entering the pond after spraying is higher than the bulk- pond
temperature. As a result, the pond temperature increases until
the heat added to the system equals that dissipated by the.
sprays. As the heat load on the pond decreases with time, the
sprays dissipate more heat than is being added and the pond
temperature begins to decrease.

Drift Loss Model

During periods of prolonqed spray pond operation vithout makeup
vater, it is essential that accurate predictions of water
consumption are available. The thermal performance model that
vas developed is used in conjunction with the system model to
predict evaporative losses. An independent model has been
developed to predict drift losses. A review of the literature
revealed no efforts directly applicable to calculation of drift
losses from a spray pond. Due to basic system differences,
cooling tover drift measurements cannot be applied directly to
spray ponds; therefore, a model was developed from principles of
analytical mechanics. The follovinq parameters vere included in
the model:
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1. Drop size spectrum

2. Rind speed and direction
3. Elevation necessary for loss of a drop from the pond

4. Distance of each nozzle from the perimeter of the pond in the
direction of drift

f

5. Pressure drop across the nozzle

6. Angle at which water leaves the nozzle

7. Vertical air entrainment of droplets

Drift is caused by the horizontal drag force exerted on small
drops as they move relative to the air. A water drop leaves the
nozzle with a certain initial velocity and from that time its
motion is determined by drag and qravitational forces. By
solving the equations of motion the position of each drop is
determined as a function of time. Mhen all initial velocities
are considered, the positions of drops of the same size that left
the nozzle at. the same time trace out a locus in the horizontal
plane. When drops of similar size are grouped together a locus
results for each drop size group.

The loci are concentric circles for a wind velocity of zero, and
are somewhat distorted and translated in the wind direction for
non-zero wind speeds.

Once the loci have been determined, for a given windspeed, the
fraction of flow lost by drift 'for each drop size group is the
ratio of the lenqth of the locus outside the pond perimeter to
the total locus length. Since a locus represents the position of
drops of a given qroup no drops from that group are off the locus
at that elevation; consequently, the length of the locus is used
to calculate loss fraction rather than the enclosed area. The
percentage of flow lost by drift is the sum over the drop size
qroups of the product of drift loss fraction and flow fraction.

N
P=E

i=1
f.B.i i

Where P = percentage of flow lost by drift
f. = fraction of flow in drop size group i that is

lost
B. = fraction of total flow in drop size group ii

9.2- 33b
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n = number of drop size groups

In order to facilitate evaluation of the drag coefficient for
each drop size group, the drops are assumed to be spherical.
High speed photographs show that drops deviate very little from

!
being spherical, especially in smaller diameters that are most
important in drift loss considerations.

Since the draf force on a sphere is proportional to the relative
velocity raised to a power between 1 and 2 (depending on the
Reynold's number), the resultinq equations of motion are non-
linear. An approximation is made to allow a solution in closed
form in which the draq force is assumed to vary linearly over a
certain range of velocities. Two velocity ranges are used and
for all velocities the approximation eguals or exceeds the actual
drag force, thus preserving conservatism by maximizing drift
1 osse s.

The linear Brag force approximation in combination with Newton's
Second Law is used to determine the acceleration of a drop and
the acceleration is integrated to determine the position of the
drop as a function of time. This ih done for both the X and Z
directions, shown, in Piq. 9.2-18 to determine the coordinates,
Xi(t,O) 'i(t,O) ~ of drop position for the ith drop size group as
a function of time and initial direction. The motion in Y
direction is used for calculation of the drop exposure time only.
In order to find the locus of a given drop size group at the
elevation necessary for loss from the pond, the time of fliqht,
or exposure time, must be calculated. The motion of a drop in
the y-direction, shown in Piqure 9.2-18, is used to calculate the
exposure time. Since the water lea'ves the nozzle in a conical
pattern, no draq is applied for the first few feet of travel in
the verticle direction to allow maximization of the time in the
air, which maximizes drift losses. Drag is applied immediately
in calculation of X and Z coordinates in order to maximize drift
losses. The vertical position, y (t), is determined as a function
of time; subsequently, the elevation necessary for loss f rom the
pond is substituted for the position and the resulting implicit
equation is solved for exposure time. There is a different
exposure time for each drop size qroup due to the dependence of
draq force on drop diameter.

With the exposure time determined, the locus for each drop size
group can be generated by considering all initial velocity
directions. A computer program has been written to supply the
coordinates of points of each locus. The locus in the X, Z plane
for each drop size qroup is integrated numerically over its
lenqth to determine the fraction of the locus, and hence the drop
size qroup, that is beyond the perimeter of the pond. The losses
for the different drop size groups are summed to determine the
total drift loss percentage from the pond.

9 2- 33c
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The percentage of flow lost due to drift is an input parameter
for the system model discussed later. The system model uses it
as a loss term in determining the water remaining in the spray
pond at any time after the start of operation of the sprays. The
drift loss for the SSES spray pond is determined as a function of
wind speed, and this information is entered as a table, windspeed
versus drift loss, in the system program The drift loss is
determined from the table at each time step in the calculation of
system parameters.

System Resoonse Model

In order to predict the response of the emergency cooling water
system of the SSES design, it was necessary to develop a computer
model of the system. Due to the feedback effects of service
water temperature on containment response, the model includes the
system from reactor vessel to spray pond. Of particular interest
in the transient analysis of the system is the containment
temperature, the service water temperature, and the pond water
inventory.

In the computer model the system analyzed is represented by a set
of simultaneous differential equations resulting from mass and
enerqy balances written for each element of the system. The
followinq assumptions have been made in writing the equations:

1. The absorption of heat by cooling water system equipment and
piping during the transient does not significantly contribute
to the system response and is therefore neglected.

2. Saturated conditions are assumed to prevail in the
containment and reactor pressure vessel.

3. The RHR heat exchanger effectiveness is calculated using
equations from Kays and London (Ref. 5 of Question 371. 18)
when operatinq as water-water heat exchangers.

Xn the steam condensing mode, heat tranferred through the RHR
heat exchangers consists of heat of condensation and some
further cooling of the condensate. The total heat transfer
rate is determined by the steam flow rate and the RHR heat
exchanger effectiveness specific to the steam condensing
mode.

5. Plow rates are assumed to change instantaneously when
changed.

6. The NRC Branch technical Position APCSB 9-2 decay heat
generation curve is used with both fission product and heavy
element contributions.

7. The transient analysis is initiated after blowdown at,10
minutes after a LOCA.
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8. Complete mixinq is assumed where flows aze combined in
piping.

9. No heat is assumed to be transfered through the containment
walls, piping, or spray pond liner.

10. Complete mixinq in those elements containing vater.
The set of equations that represents the system is solved using a
discrete finite differential method. The output of the computer
model provides temperatures and water inventories at various
points in the system at specified times during the transient
analysis. This information is used to plot parameters of
interest.
The heat rates, integrated heat rates, pond temperature vs. time,
and pond volume vs. time are shown in Figure 9.2-19 through 9.2-
22, respectively. The heat rates and integrated heat rates are
also presented in tabular form in tables 9.2-30 and 9.2-31.

9,2.7.3. 0 Droplet Spectrum Test

Both drift and performance models rely on droplet size input
data. A program by nozzle vendor has been established for
measurinq the droplet size spectrum from the particular nozzle
selected for the system and at the particular nozzle pressure
chosen. These measurements are based on established high speed
photographic techniques. This test program has been completed
and the maximum drift has been used in the 30 day tra nsient
analyses.

I2 X 9Z9 2.7.3.5=- Discu sion of ~< teo olo

The evaluation of spray pond performance as an ultimate heat sinkis based on conservative atmospheric conditions. The basis for
selection of these conditions is critical due to the sensitivity
of performance to variations in vind speed, temperature, and
relative humidity. This requires investigation of two somewhat
opposing sets of atmospheric conditions: one that vould result
in maximum water loss (hiqh wind speed resulting in maximum drift
loss) and one that vould result in minimum heat transfer (low
wind speed, high wet bulb temperature, and high relative
humidity). The two sets of conditions have been determined from
the available weather data.

The combined effects of wind speed, wet bulb temperature, and dry
bulb temperature were considered in selection of the worst time
periods. The results of the analyses have been used to
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synthesize separate 30 day periods of minimum heat transfer and
maximum water loss.

Minimum Heat Transfer Case

The ability of the spray pond to reject heat is dependent on both
ambient conditions and water temperature at the sprays. Xt thus
becomes important to evaluate the spray water temperature .

corresponding to any data point condition before analyzing
whether that data point is unfavorable for heat transfer.
The meteorological c'onditions for the minimum heat transfer case
are determined usinq a coefficient of performance that assigns a
relative cooling performance value to each set of coincident
meteorological conditions. The coefficient of performance is
based on the empirical work of Ranz and Marshall (Ref 9.2-1) for
coolinq of water droplets in air.
The meteorological data used for the minimum heat transfer case
was selected to comply with Requlatory Guide 1.27 Rev. 2. A 30
day period of meteorological data was synthesized by having the
worst, second worst and third worst days followed by 27 days of
the worst 30 day running average period as selected by a
coefficient of performance model. The results are summarized in
Table 9.2-9.

maximum Mater Loss Case

The major water loss mechanisms that are dependent on meteorology
are evaporation and drift loss. A coefficient of water loss was
derived based on (a) the work of Ranz and Marshall (Ref 9.2-1)
for evaporation loss and (b) the drift loss versus wind speed
curve resulting from the drift model of Subsection 9. 2.7. 3. 3.
This coefficient was used to determine the worst 30 day period
for water loss. The results, of the analysis for the worst period
for water loss are presented in Table 9.2-10.

The maximum water losses are not necessarily coincident with high
ambient temperatures. This results from consideration of bothdrift and evaporative contributions to water loss. Since the
objective is to establish the adequacy of the water supply during
periods of high total water loss, the 30 day period of highest
total water loss is considered rather than a period of «high
temperature and maximum persistent wind speeds».

9.2.7.3. 6 Discussion of Jesuits

The intent of this discussion is to compare the analytical
results of the transient analysis with all other applicable
methods of system sizing. Since the analysis has been done to
define three separate desiqn parameters (nozzle efficiency, drift
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loss, and system response), this discussion of the results will
treat each separately.

Nozzle Pfficgencg

Xt is easy-to measure the cooling effect of the spraying of water
from a nozzle; therefore, if sufficient records can be obtained
from operatinq spray ponds, it should be possible to show that
the nozzle performance as calculated is equal to or more
conservative than the recorded results. Comparison of the
conditions measured at Harwood, Canadys, and Rancho Seco Spray
Ponds indicated close agreement with the performance predicted
analytically (refer to Subsection 9.2.7.6) . The analytical
results indicate somewhat lesser cooling than was actually
measured in both cases and therefore the model provides
conservative estimates of spray cooling performance.

A further check on the conservatism of the analytical model has
been made by comparing the calculated nozzle performance with
other methods that could be found for determining nozzle
performance. Xn every case the model predicted more conservative
results (less cooling) than the other methods, and these other
methods are not all based on purely theoretical approaches. The
Spray Enqineerinq Company, for example, predicts the performance
of their nozzles on information obtained from numerous operatinginstallations.
Drift Loss

Since the information currently available on water losses from
operating spray ponds includes not only drift but all other
losses as well, no valid comparison can be made between the
Susquehanna drift model and these total losses monitored for the
operatinq ponds.

The result of drift loss calculations (drift loss versus wind
speed) are presented in Figure 9.2- 15. This represents the totaldrift loss percentage from the spray network. The drift loss
percentaqe as a function of nozzle location is presented in
Piqure 9.2-16. Pigure 9.2-15 and Pigure 9.2-16 were 'computed
using the Bechtel Drift I.oss Program. The results of this
proqram compare favorably with data obtained from the results of
tests conducted by the University of California at the Rancho
Seco spray pond. (Ref. 2 of question 371. 18) . There is a rapid
increase in drift losses for nozzles near the perimeter as the
wind speed exceeds 15 mph. Consequently, the perimeter of the
Susquehanna SES spray pond is designed to be a minimum of 60 feet
from the perimeter. This is an added conservatism since the
majority of nozzles in that row are more than 60 feet from the
perimeter.

System Resoonse

9. 2-35a
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Prom a detailed description of the system model it can be s'een
that this model is a series of mass and heat balance equations
representing the transfer processes that exist in the, reactor
heat removal circuits.
The minimum heat transfer analysis for spray pond performance was
made using one cooling division (or loop) for 30 days. The
results of the minimum heat. transfer case and the maximum water
loss case are presented in Table 9.2-12. The maximum pond
temperature observed during the thirty day minimum heat transfer
transient is 95.25OP. It is concluded that this value supports
the 95oP ESSQ temperature limit for the following reasons.
First ~ the accuracy of this calculation, considering the numerous
modeling assumptions and conservativisms involved, render the
0.25oP temperature difference insignificant. Second, the pond
temperature only briefly exceeds the 95~P temperature limit
before dropping below 95oP The impact on plant equipment from
this 0.25~P temperature difference over a short period of time is
expected to be negligible.
The solar evaporation losses calculated are, not of a sufficient
magnitude to warrant verification tests. Information on total
losses, as obtained from the tests described in Subsection
9.2.7.3. 5, will provide sufficient verification of this
calculation.

9,2.7.3 6.1 = Thermal Short-Circuiting

Spray pond thermal short-circuiting due to wind blown spray is
not considered to be a design problem. The spray nozzles are
located at least 60 feet from the intake. Wind has the greatest
displacement effect on small droplets. Wind blown spray that may
be blown toward the intake has a smaller droplet size spectrum
than that for water leaving the nozzle. It should be noted that
the heat transfer rate is inversely proportional to droplet
diameter. This smaller droplet size spectrum, combined with the
winds necessary to produce the drift and the distance the
droplets must travel to the intake assures that the small
droplets will be cooled with a closer approach to the wet bulb
temperature than the large droplets falling near the nozzles.
This has been verified by computations using the thermal
performance model and the drift model. Droplet temperatures were
computed for those that may land on the pond surface within 10
feet of the intake. The highest hourly wet-bulb temperature of
the synthesized worst day (Table 9. 2-9), 810P, and the highest
spray water temperature predicted by the system performance
model, 120. 6~P, was used in this computation. The results are
shown in Table 9.2-26 for 2 wind speeds, 20 and 30 mph.

9.2 7.3.7 Discussiog of.Conservatisms Used
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In an attempt to ensure the availability and perf ormance of the
pond under all circumstances of ambient and cooling duties, the
followinq conservatisms have been employed in the analysis.

9.2.7.3.7 1 Consegyatigmg in Meteorology

Time Stens in Neteoroloay

As suggested in Regulatory Guide 1. 27, worst day and worst 30 day
running average periods are determined and used to synthesize
conservative design meteorology.

I

Thirty-one years (January l, 1948 to December 31-, 1978) of hourly
and three-hourly meteorological observations from the National
'Reather Service Station at Harrisburg, Pennsylvania provided the
meteorological data base. This period includes the highest
temperature ever recorded at this station: 107< in July 1966

Table 2.3-4 of the FSAR presents the monthly and annual average
wind speed, dry bulb, and wet bulb temperature for the years 1973
throuqh 1975 for Harrisburg. Table 2. 3-5, of the, PSAR provides
identical .information from,the Susquehanna site for the years
1973 through 1976. From these tables it can be seen that the
wind speed is 1.1 m/sec higher ~ on the average, at Harrisburg;
dry bulb temperatures are 2.9<C higher at Harrisburg; and wet
bulb temperatures are 2.2oC higher at Harrisburg. Based upon this
comparison it is evident that the use of Harrisburg data in the
ultimate heat sink analysis was conservative with respect to
conditions to be expected at the site.
Coefficients of performance (water losses and heat losses) were
calculated for each meteorological observation. Running averages
were then sorted in ascendinq order for heat losses and desending
order for water losses. The worse case (minimum) heat loss and
(maximum) water loss were then identified as well as the
corresponding meteoroloqical data. These are the meteorological
data presented in FSAR Tables 9.2-9 and 9 2-10.

Rainwater Agggtj,ons

No credit is taken for any rainwater additions to the pond volume
over the 30 day transient.

9 2.7.3.7.2 Conservatisms gn Ogeggting

Spray Cycling

After the peak heat loads have been experienced and/or when the
ambient temperatures are lower than the stringent case considered

9 2-36
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(winter conditions), it vill be possible to cycle the spray
system on and'ff.',to conserve pond volume. The spray bypass
vould be available at this time and pond water, returned from the
plant, could, be„,infected directly to the pond without going
throuqh the sprays . The pond temperature vould be allowed to
rise under, these:-conditions until further spraying became
necessary to limit the coolinq water temperature. The use of the
bypass instead of. the sprays vill eliminate drift losses and so
curve the pond water.

I

The system has"'beJen designed assuming the spray network is in use
for the full 30'ay, transient.
Shutd ovn~2eggtions,.

The sequence, of,''shutdown operations affects.the peak pond
temperature. during> the transient. For at le'ast the first 10
minutes actions, are assumed to be fully automJatic and outside the
operator's,;control,".; The subseguent operations'are operator

4actuated.
J

The peak. temperat'ur'e'reached in the:;pond's dependent on the rate
at,which„t.he„;;heat:!4s.idissipated. As~~'discussed ..'in,,Sec tion
9. 2.7. 3; l',. the',"~shut'down, .sequences have~.,been-,developed,to provide"a .vorst casei;~r'e'al'j.'st'ic> combination of"-'heat 'loads and'. flows to the'pray, pond 'for.'both', the minimum heat, transfer, and maximum water
lo'ss analysis.,",It;„should be noted that the forced shutdown unit
scenario does;,n'ot';;i'ncl'ude the use of the RHR -„steam condensing
mode of opera'tion';!,'."»., This mode .of operationis not available
during a loss,,of. offsite power. A loss of offsite power, with
the resultinq,",,'1oss,,'of the main condensor, vas assumed to be a
governinq conditi:"on,',,'for this analysis.'herefore, the steam
condensing. mode,.",of~iR'BR, was not utilized in the- shutdown scenario.

I'*IJ,'" "
%$"dg t'

Diesel 'Oner'atioh

The 30 'day transient analysis for maximum water loss assumes all
four diesels.-'ar'e in continuous service for the first 24 hours.
Operator action„,is, assumed after 24 hours to reduce the number of
running dieseld ~to,three

'h

J .,

9,2.7.3.7.3' C'on'servytisms in Models

Drift Loss Hodel ~
,

Q

Drag force for motion in the horizontal direction is assumed to
be applied 'immediately, even though the drop is not formed untilit is a few feet from the nozzle.

J 'J
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The time the drop is in the air above the elevation necessary forit to be lost from the pond is calculated on .the basis that

a) The drag force is conservatively estimated so that the
time used in the calculation for the drop to fall fromits maximum height is longer than it will be in
practice.

b) Using the conservatively estimated drag force to
calculate the initial velocity at which the spray rises
will result in a higher velocity than will actually
occur. Conseguently the corresponding initial velocity
in the horizontal plane, which was used to calculate thedrift loss, will also be higher than the actual
horizontal velocity. Thus the calculated drift loss,
which was used to help determine the capacity of the
pond, will be larger than will actually occur.

c) Vertical airflow is included because it increases the
time the drop is in the air and hence the time the drop
is exposed to horizontal drag forces.'he vertical
airflow velocity is determined by correlation of model

"- predictions:; with -.experimental results. from .the Rancho
Seco tests. (Ref "9. 2-2)... As .,a result.o f .the. correlation,
the combined effects cf convective airflow and airflow
due to entrainment of air in the sprays themselves are
included.

The~mal Performance Model

The time the drop is exposed to the air 'is calculated assuming no
drag force. This reduces the overall exposure time, and hence
the heat transfer.
system Model

Rater loss due to natural evaporation is calculated from a
coolinq pond model ignoring the spray volume. This increases the
natural evaporation loss because the pond area available for
natural evaporation loss is greater than it would be if the pond
was beinq sprayed.

Conservative values of all input parameters, such as suppression
pool water volume, were used in the calculations made for the
system model. Assumptions 1 and 10 in paragraph 9.2.7.3.3 are
also conservatisms in the system model.

S?DS9 2 7.4 T sts and I s ecti
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The ultimate heat sink will be preoperationally tested in
accordance with the reguirements of Chapter 14 as part of tests
P14. 1, RBR Service Water, and P54. 1, Emergency Service Water.

Pre-operational tests will be performed to verify that the
controls for the system are functioning properly and that design
flows required for operation can be obtained.

A performance test will be performed on the completed pond with
heat input from unit one, to ensure that measured performance
equals or exceeds that which is predicted by analysis. A

description of the test plan, test procedures, and analysis
techniques will be submitted for NRC approval prior to operation
of Unit l.
Pipe welds are subjected to heat treating, testing, and
inspection in accordance with ASHE Section III, Class 3, and the
material specification.
The spray system will be tested regularly during normal plant
operations in accordance with the requirements of Chapter 16.

9,2,7,5 Instgugeggagigg Agy1icagions

Logics and instrumentation are discussed in Subsection 7.3. 1. 1b
and the displays are discussed in Section 7.5. A complete list
of the system's process instrumentation is provided in Table 7.5-
1.

All the motorized valves in the spray pond system are designed
for remote operation from the ccntrol room. One loop can be
operated 'from the remote shutdown panels.

The spray pond has temperature indication and alarms for high
water temperature and near freezing water temperature.

9 2.7 6 CORQARISON OP SPRAY POND THERMAL PERFOBNANCE RESULTS

In order to verify the conservatism of the spray pond thermal
performance model, the model has been applied to a spray pond
comparable in size to the one proposed for SSES and on which some
performance evaluation tests have been performed. The test's were
performed on the spray pond at Canady's Station of South Carolina
Electric and Gas Company. In addition to these tests the model
has also been applied to a smaller pond with well documented
performance, the Rancho Seco Nuclear Power Station of the
Sacramento Municipal Utility District. The two sets of test
results are discussed separately below.

Canada Station Tests-
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In order to reduce the temperature rise of the Edisto River due
to the Canady Station condenser discharge, a spray pond facility
was recently built to lower the temperature of the water returned
to the river. The South Carolina Pollution Control Authority
required that the river temperature rise not exceed 5o F for all
river flow rates. The spray pond was designed to provide the
reguired cooling based on various recommendations. It was found
that the expected performance was not realized.
Measurements of wind speed» wind direction, wet bulb and dry bulb
temperatures, water temperature before spraying, water
temperature gust before entering the pond, and pond bulk
temperature were taken. The water temperature after spraying was
measured gust above the surface of the pond at several locations
and the average reported. Due to the more extensive
instrumentation, the results of the Canady tests must be compared
to model predicted values on a point to point basis.
The general description of the Canady station spray pond is given
in Table 9.2-27. The original design specified that 120,000 gpm
were to be cooled from 102< F to 84~ F with a coincident wet bulb
temperature of 78~ F. Subsequently, the design spray flow rate
was increased to 180,000,,qpm, and the cooled water temperature to
88 F. These design conditions proved optimistic.
The results of the comparison of the Canady Station performance
with that predicted by the spray pond thermal performance model
are presented in Table 9.2-28. The model predictions agree well
with the data and are in general more conservative than the
measured efficiencies.

At the request of the Atomic Enerqy Commission, the Sacramento
Municipal Utility District {SMUD) arranged to have the Rancho
Seco spray ponds tested to verify the ability fo the ponds to
meet the design criteria. SMUD asked the University of
California, Berkeley, to perform an experience evaluation of the
performance of. the ponds. Of particular interest from a
performance standpoint was the thermal efficiency of 'the nozzles
and drift loss verses wind speed.

The same parameters recorded in the Canady Station tests were
also recorded in the Rancho Seco tests, with the addition of
accurate pond level measurements. The Rancho Seco test results
are compared with model predicted efficiency values on a point to
point basis as was done with the Canady Station tests.
The general description of the Rancho Seco spray ponds {2) is
given in Table 9.2-27. ~

The result of the comparison of the Rancho Seco performance tests
and model predictions is given in Table 9.2-29. It can be

9.2- 37c
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observed that the model predictions for performance are more
conservative that the measured ef ficiencies.

'J. Schofield P., "Nuclear Power Plant Heat Rejection in an Arid
Climate~~, H.S. Thesis, Univ. of Ariz., 1971

2. Hoore, W.E., "Spray Pond Keeps River Within 5~F Rise Limit,"
Elec. World, 169:14, Apr. 1, 1968, pp. 33-35.

3. Brannen, Glenn M. «Spray Pond Testing at Canady ~ s Station" ~
South Carolina Electric and Gas Co., Columbia, S.C.
Unpublished.

4. Schrock, V. E. and Trezek ~ G. J., "Rancho Seco Nuclear-
Service Spray Ponds Performance Evaluation", report submitted
to Sacramento Hunicipal Utility District, October, 1974.
Unpublished.

9.2 8 RAM MATER TREATMENT SYSTEH

9.2 8. 1 Design Basis

The raw water treatment has no safety related function and does
not convey radioactive materials.
The raw water treatment system is designed to provide filtered
and clarified water at an average effluent turbidity of less than
5 ppm for all plant operatinq requirements. The filtered andclarified water is furnished to the systems and components listed
in Subsection 9.2 7.2.
The system is also designed to effectively filter the waste
materials generated from the clarification process and the waste
regenerant from the makeup demineralizer system (Subsection
9.2 3).

9.2.8.2 ~S stem Description

The raw water treatment system consists of the following:
a) One sludqe recirculating'type clarifier
b) One chemical feed system designed to inject alum,

coaqulant aid, hypochlorite, and caustic solutions into
the clarifier.
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c) Two gravity filters
d) One clearwell, 15,000 qal capacity

e) Tvo clearvell pumps, each 100 percent capacity

q)

h)

One 500,000 qal capacity clarified water storage tank

Three clarified. water pumps of 100 gpm, 200 gpm, and 300
qpm capacity

One clarifier sludqe holdup sump of 10,000 gal capacity
with two discharge pumps', each 100 percent capacity

i) One 10,000 gal filter backwash holding tank with two
discharqe pumps

g) One low volume vaste treatment filter and associated
equipment

k) One 300 gal filtrate collection tank vith tvo discharge
pumps

1) Associated piping and controls for all system
operations. The piping is carbon steel for the water
lines throughout the system and is rated at 125 psig at
350> P. The chemical inlet lines to the clarifier are
stainless steel and polyvinyl chloride (PVC) for
corrosion protection.

The system is depicted on Piqure 9. 2-7

The river vater turbidity is reduced in the clarifier by the
addition of chemicals. Design flow through the clarifier is 300
qpm. The expected normal flov during station operation is 120
qpm. The flow through the clarifier is controlled by a flow
modulatinq valve on the clarifier inlet which is requlated by a
clear well level controller and clarifier inlet flow*controller.
The openinq of this valve is limited to prevent the maximum
design flov rate from beinq exceeded.

The clarifier is a positive internal recirculation upflow unit.
All chemical addition shall be in proportion to the inlet flow to
the clarifier. An inlet flow recorder vith totalizer is used to
pace the chemical feed utilizinq timers. Backflushing and sludge
blowdovn from the clarifier is automatic and controlled in
proportion to inlet flow. The sludqe is directed to the clarifer
sludge holdup sump for disposal.

The clarified water floss out of the clarifier to the gravityfilters. Normally the flow is split between the two filters.
However, the system is designed to allow one filter to pass 300
qpm flov vhile the other filter is backvashing cr out for
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maintenance. Backvashing of the filter is initiated by pressure
drop or a timer. The backwash flow is routed to the backwash
holding tank from vhere the discharge pumps operated by level
svitches pump the backwash water back to the clarifier for
further settling.
The filtered vater flows hy gravity to the clearvell. One
clearvell pump is in continuous operation'hich sends the vater
to the clarified water storage tank. Flov to the storage tank .is
controlled by a flov control valve on the clarified vater tankinlet. 'A controller Xhrottles the inlet valve in proportion .to
the;clarified:vater storage tank level. A recirculation line
from the; clearvell pumps discharge header to the clearvell is
provided .for:protection durinq low flov demand.

A sinqle header from the clarified water storage tank" supplies
the cl'arified water pumps at a positive suction pressure. The
100 gym capacity pump is in continuous operation to furnish the
expected normal demand of clarified vater. If water demands
increase, low pressure svitches on the pumps discharge headerwill start the second and third pump as required to meet the
system demands. High pressure svitches located on the discharge
header vill in turn trip the two additional pumps in sequence as
vater 'demands decrease. Hinimum flov recirculation lines to the
storaqe tank are provided for each pump discharge line for pump
protection. The clarified vater pumps furnish water for the .

follovinq use during normal operation:

a) Hake Up Demineralizer System

b) Domestic Mater System

c).„,, Clarifier Bearing Seals
'd)'o'v Volume Maste Filter Dilution Mater for Filter Aid

e) Circulatinq Water Chlorine Evaporators Hakeup

f) Circulatinq Mater Pumps Bearing and Seal Cooling

q) Service Mater Pump Bearing and Seal Coolinq.

The lov volume waste treatment filter collects the solid vastes
from the clarifier and from the makeup demineralizer system
Because the two vaste -materials are different in composition,
they are filtered separately. Waste regenerant from the
demineralizer's neutralization basin is filtered preferentially
over the clarifier sludge. The sludge holdup sump has a large
storaqe capacity and a recirculation line is provided to the sump
for sludge return whenever the waste filter is treating the vaste
regenerant. All filtering operations are automatic. Level
svitches on both the sludge sump and the neutralization basins
operate the discharge pumps.. Solid waste material is collected
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on disposable media and discharqed into a hopper for disposal.
The filtrate flows to a collection tank from which discharge
pumps operated by level switches send the filtrate into the
circulatinq vater system.

The waste filter is a flat bed type filter that uses air
displacement to produce a 30 mg/1 suspended solid contentfiltrate and a solid cake composition cf 50 percent solids on
disposable media. The clarifier sludge is pumped to a head tank
and filtered on a batch basis. The demineralizer vaste
regenerant is pumped directly through the filter with a
differential pressure svitch controlling the air displacement andfilter indexing. Filter aid is automatically injected into thefilter influent to assist the filtering process.

The raw water treatment equipment is located in the water
treatment building. The clarified water storage tank is located
in the yard. The storage tank also acts as the primary vater
source for fire protection vith a standpipe in the tank which
reserves 300,000 gal of the stored vater for fire protection.

9.2 8 3 Safety Evaluation

Failure of the system vill not compromise any safety related
system or component or prevent a safe shutdown of the plant.
There is sufficient redundancy and sizing in the raw water
treatment system to ensure a sufficient supply of clarified water
for plant operating conditions and to effectively treat the waste
materials from the water treatment processes.

9.2 8.4 Testina and Insnection Reauirements

Prior to station operation, the rav vater treatment system is
operated to furnish clarified water to the makeup demineralizer
system for startup operations. This use will verify that all
system components and controls function properly.
Since the rav water treatment system and associated equipment is
in daily use, no periodic eguipment testinq is required. All
equipment is accessible for observation vhere inspection during
use vill ensure the system's operability.
Sample sinks are provided to periodically collect samples and
analyze the clarified vater quality.
The system will be preoperationally tested in accordance vith the
requirements of Chapter 14.
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9.$ .8.5 Instrumentation g~e ugrements

The raw water treatment system is furnished with a control panellocated in the water treatment building which is designed for all
remote pushbutton control of the clarification process.
Automatic control of the clarification, chemical injection, andfilterinq of the raw water is included in this system panel.
Plow, turbidity, and pH are all monitored to verify system
performance and alarm abnormal conditions.
The low volume waste filter is furnished with a system panel thatautomatically controls the filtering of the waste products.
Flows of the two waste streams are recorded. Level switches with
low level alarms are furnished for the waste filter head andfilter aid tanks.

The clarifier sludge holdup sump is furnished with level switchesto indicate high level alarms and to control operation of the
discharqe pumps. Level switches are also provided on thefiltrate collection tank and backwash holding tank for pumpcontrol and alarms.

The clarified water storage tank is equipped with level switchesto indicate high and low level alarms in the system control
panel.

The low level switch also trips the clarified water pumps. Local
pressure indicators are provided at the discharge of all pumps inthe system for pump head indication.

9. 2.9 MAKEUP QEMZNER A$1$ EH SYSTEM

9. 2.9. 1 Design Basis

The makeup demineralizer system has no safety related function
and does not convey radioactive materials.
The makeup demineralizer system is designed to provide an ~

adequate supply of demineralized water for the plant operatingrequirements.

The system is required to provide demineralized water to variousplant systems for flushing, cleaninq, and filling, prior to
operation of the station.
The makeup demineralizers are designed to produce an effluent
havinq the followinq -analysis:

Rev. 26, 9/81
9 2-42



SSBS-FSAR

Conductivity, micromho/cm 8 25~ C
Chlorides (as Cl), ppm
pH 8 250C
Silica (as SiO ), ppm
Total dissolved solids

0 2
0. 05
6 to 8
0 005
0. 08

The makeup demineralizer system consists of the following:
t

a) One makeup deminezalizer having two trains with each
train rated for 120 gpm. Each train consists of a
cation exchanger, an anion exchanger, and a mired bed
exc ha nger.

b) One activated carbon filter rated for a maximum flow of
240 gpm.

E

c) one demineralized water storage tank of 50,000 gal
capacity.

d) ,One demineralized water jockey pump

e) Two demineralized water transfer pumps

f) Demineralizez regeneration system that includes acid and
caustic storage tanks, each 7000 gal capacity, acid and
caustic positive displacement pumps, caustic dilution
hot water heater and associated piping, valves, and
controls.

g) Two 18,000 gal capacity rubber lined concrete
neutralization basins complete with two 100 percent
capacity sample pumps and two 100 percent capacity
discharge pumps.

h) Associated piping and controls for all demineralizer
operations. The piping is stainless steel throughout
the system and is rated at 125 psig at 3500 P.

The complete system is depicted on Figure 9.2-8.
Clarified and filtered river water is supplied to the makeup
demineralizer system under pressure from the clarified water
pumps (see Subsection 9.2.8). The flow rate through the
demineralizers is controlled by a flow control valve located at
the inlet of the demineralized water storage tank. A controller
throttles the flow control valve in proportion to the
demineralized water storage tank level.
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Design flow through each demineralizer train is 120 gpm.
Expected normal flow during station operation is 60 qpm. Thedemineralizer is capable of either operating two trains inparallel or having one train operatinq while the other train is
reqenerating. During normal operation, one train will be on linewith the other train on standby. The standby unit will be placed
on line by pushbutton as required. The activated carbon filter
precedinq the demineralizers removes chlorine residual and is
capable of providinq service flow to one demineralizer trainwhile simultaneously providinq regeneration water to the othertrain.

4

Shen the ion exchange capacity of either the mixed bed vessel orthe cation-anion vessels is exhausted, the demineralizer train isautomatically removed from service. Xf exhaustion is indicated
by conductivity or silica analyzers, the cation-anion bed or
mixed bed undergo an automatic timed rinse. If proper quality isnot obtained, the train shuts down automatically. Alarm
annunciation of exhaustion is indicated in the demine zalizer
system control panel.

When regeneration of one of the trains is required, the
reqeneration operation is initiated manually by pushbutton. The
regeneration sequences are controlled automatically afterinitiation. At the end of the demineralizer regeneration, thetrain goes into the standby position.
Dilute acid and caustic solutions used in the regeneration
process are prepared by in-line dilution of concentra ted sulfuricacid and concentrated liquid caustic. The concentrated acid is
pumped by one of the 100 percent capacity acid pumps to an acid
mixing tee where it is diluted with water from the clarified
water storage tank. The concentrated caustic is pumped by one ofthe 100 percent capacity caustic pumps where it is diluted with
heated demineralized water to maintain a caustic solution
temperature of 120O P.

The neutralization basins collect the chemical wastes from thereqeneration process, in addition to chemical wastes pumped fromthe chemical waste sump in the water treatment building. All
equipment and process drains in the water treatment building arerouted to the chemical waste sump. Once regeneration isinitiated, air mixinq of the basin contents automatically beginsto aid in the neutralization. A sample pump also operates
automatically to monitor pH during neutralization. If the pH isnot within the acceptable limit, the condition is alarmed and
acid or caustic solution is added to adjust the pH. Afterneutralization is complete, basin outlet valves automatically
open and one of the two discharqe pumps operate to send thesolution to the low volume waste treatment filter for disposal.
Low level switches stop the samplinq and discharge pumps, close
the basin outlet valves, and open the inlet valve to accept
another regeneration waste influent.
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The demineralized water flows to the 50,000 gal capacity storage
tank. This water supply is used to fillthe condensate storage
tanks and the refueling water storage tanks prior to unit
operation. The demineralizer water is also used prior to unit
operation for plant systems flushing and filling. During normal
operation, the demineralized ~ater is used for the following
services:

a) makeup demineralizer acid and caustic dilution
b) Turbine building service connections

'c) Turbine buildinq sample station

d) Turbine Buildinq Closed Cooling Mater System makeup

e) Turbine Building Chilled Mater System makeup

f) Turbine building laboratory

g) Lube oil centrifuge makeup

h) Gaseous Radwaste Recombiner Closed Cooling Mater System
makeup

i) CRD test pump

5) Reactor building service boxes

k) Reactor building sample station

1) Reactor Building Closed Cooling Mater System makeup

m) Reactor Buildinq Chilled Mater System makeup

n) RHR heat exchanqer tube flushing
o) Drywell services

p) Standby Liquid Control System makeup

q) Fuel Pool Skimmer Surqe Tank makeup

r) Radwaste buildinq service connections

s) Radwaste building chilled water system makeup

t) Control Structure Chilled Mater System makeup

u) Diesel generator jacket cooling water makeup

v) Condensate and refueling water storage tank makeup

Rev. 26, 9/81
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A single header from the demineralized water storage tank
supplies the demineralized water jockey pump and transfer pumps
at a positive suction pressure. The jockey pump is in continuous
operation and is controlled by an on-off hand switch. A
recirculation line back to the demineralized water storage tankis provided for prevention of pump overheating'n low system
demands. The two transfer pumps are controlled by on-off-auto
hand switches. Durinq normal operation one transfer pump is in
the auto position and the other is in the off position. Low
pressure on the pumps discharge header will start the transfer
pump in the auto position. This pump will stop when a set high
pressure is reached. The second transfer pump can be started
manually at any time. Recirculation lines are provided for pumpprotection. A low level switch on the demineralized water
storage tank will stop the jockey and transfer pumps.

The makeup demineralizers and associated equipment are in the
water treatment building. The demineralized water storage tankis in the yard and is furnished with an electric heater to
prevent freezing

9 2.9 3 Safest Evaluation

Failure of the system will not compromise any safety related
system or component or prevent a safe shutdown of the plant.

C

9.2 9.4 Testing and Inspection Reguirements

Prior to station operation, the makeup demineralizer system is
operated to furnish demineralized water for startup operations.
This use will verify all system components and controls function
properly

Since the makeup demineralizer system is in daily use, no
periodic equipment testinq is required. All equipment is
accessible for observation where inspection during use will
ensure the system's operability.
Grab samples are periodically tested to verify demineralizer
performance and to ascertain stored water quality.
The'ystem will be preoperationally tested in accordance with the
requirements of Chapter 14.

9.2-46
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Instru men t'a t ion"peg'ui remen ts

The makeup demineralizer system is furnished with a control
panel, located in the water treatment building, that is designedfor all remote pushbutton type control of the demineralization
'process. '-'"

It( It Ir * ~
'

~

Automatic and manual control of the regeneration and
neutralization processes are also included in the system panel.
Flow, "conductivity, and'silica monitors are provided for each

~ .'demineral'izer''train'o indicate when the ion exc'hangers are readyfor regeneration. High conductivity alarms 'and high silica
content alarms are provided on the makeup demineralizer system
control panel to alert the operator to an abnormal condition

*
'

'ressure', temperature, and 'conductivity are monitored for the
acid and caustic regeneration solutions.'evel indicators and
low level alarms are provided for the acid and caustic storage
tanks.

't t

The neutralization basins are furnished with level switches to'indicate 'high'n'd low level alarms and.to control the operationof the sample"and discharge pumps.'nter'locks are provided in
the system to prevent regeneration if both basins are full. The
system ist also furnished wi'th controls to select„the empty basinfor "neutralization if the other basin is full,when a regenerationis initiated.
The demineralized water storage tank is equipped with a level'switch that alarms in the -main control room to indicate
demineralized low water level. This switch also trips the'emineralized 'water" jockey arid transfer pumps. Pressure switches
that alarm in the main control room any conditions„of system high
or 'low 'pressure are furnished "on" the common, discharge header of
the demi'neralized'ater pumps. Local pressure indicators are
provided at the discharge of all pumps in the system for pump
head indication.

I 'g
I ) ~ t

h It ~
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9 2 10 CONDENSATE STORAGE AND TRANSFER SYSTEM

9. 2. 10. 1 Design Bases

4

The condensate and refuelinq water storage system has no safety
related function and is designed to perform the following
functions:

Supply water to fill the reactor well and dryer-
separatcr pool of one unit during refueling operations
and to provide storaqe for this., water when refueling is
completed.

b) Supply condensate for. various processes in the radwaste
system and makeup for the Plant syste'ms including the
condenser hotwells

c) Supply condensate to the suctions of: the HPCI, RCIC,
Core Spray and CRD Pumps associated with Units 1 and 2

d) Provide a minimum storage ~ capacity of 135,000 qal for
the RCIC and 'HPCI Pumps associated with each unit

e) Provide the capability to demineralize the water in the
refuelinq water storaqe tank by pumping it thrcugh the
ccndensate demineralizers and returning it to the

toraqe tank

f) Provide storage for condensate rejected from the cycle
k

q) Provide storage for condensate from the radwaste system

h) Provide the capability to drain the reactor well through
the condensate demineralizer and back to the storage
tank.

j) Provide the capability for the HPCI and RCIC to recycle
water during the test made.

9.2.10.2 System Description

The condensate storage system is shown in Figure 9.2-9. The
various flow paths are listed in Table 9.2-13, which also
includes the operatinq modes to achieve these flow paths and a
diagram showinq the valves referenced by number in the operating
modes.

The system consists of the followinq:
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a) One atmospheric condensate storage tank for each unit,
each with a capacity of 300,000 gal

b) Two horizontal centrifugal condensate transfer pumps,
each full capacity, and rated at 600 gpm

c) One atmospheric refueling water storage tank with a
capacity of 680,000 gal, common to both units

d) Two horizontal centrifugal refueling water pumps, eachfull capacity, and rated at 1500 gpm

e) Interconnecting piping, valves, instruments and
controls.

Condensate Storage Tanks /Units 1 and~2

These tanks are the prefered source of water for the HPCI and
RCIC pumps for both operational use and testing. In addition,
they supply water to the core spray pumps but only for testing

The condensate transfer pumps also take their suction from these
tanks to provide water for various services in the radwaste
building, the reactor building, and for backwashing the cleanupfilter demineralizers and the fuel pool filter demineralizer.

Each condensate transfer pump is rated at 100 percent capacity
and normally only one runs. If the discharge pressure of the
operating pump falls, the second pump will start automatically.
Both pumps can he operated in parallel. Each pump is controlled
from the main control room.

Each condensate storage tank maintains a minimum storage of
135,000 gallons to service the associated HPCI and RCZC Pumps
during plant operation by use of standpipes and locked closed
valves on all other lines.
Nakeup is supplied by the demineralized water transfer pumps.

The tanks also act as surge tanks for the condensate systems by
receiving any rejected condensate from and making up any
deficiency in the heat cycle under the action of the level
controls on the condenser hotwell.
Ref ueli~n Mat er S to r~ae Ta nk

The refueling water storage tank stores the water that is used tofill the reactor well and dryer-separator pool of either Units 1

or 2~

During refueling operations the water is pumped from the storage
tank to the respective reactor well and dryer-separator pool by

Rev, 9 5/79
9. 2-49



SSES-PSAB

the refueling water pumps that are started and stopped manually.
Each pump can be controlled from either the main control room or
from the refueling floor thus permitting an operator at either of
these locations to operate the pumps. Both pumps are run in
parallel.
When refueling is complete the vater in the reactor veil and
dryer separator pool is pumped hy the refueling water pumps to
the storaqe tank throuqh the condensate filter-demineralizer.
Makeup for the refuelinq vater storage tank is supplied hy the
demineralized ~ater transfer pumps taking suction from the
demineralized water storaqe tank.

The refueling water storage tank also provides water to fillthe
spent fuel cask storage pool. This water can he returned to the
tank by the refuelinq water pumps through the condensate filter
dern inera lizer.

9,2.10~3 E~afet Evaluation

The Unit 1 condensate storage tank and the refueling water
storaqe tank are located outdoors in the area enclosed hy the
east wall of the turbine building, the north wall of the reactor
building and the west wall of the diesel generator building. The
area occupied by the tvo tanks is surrounded by a wall designed
to retain the total volume of vater contained in both the
refuelinq water storage tank and the Unit 1 condensate storage
tank if both tanks rupture simultaneously. The Unit 2 condensate
storaqe tank, also located outdoors, is surrounded by a wall
desiqned to retain the total volume of water in the tank if it
ruptures.

Before any water that collects vithin the retaining valls is
drained, it is monitored for radiation and if the reading is
above the acceptable level the water is drained to the liquid
radwaste system. If, on the other hand, the reading is below
acceptable level the water is drained to the storm sever

9.2.10 4 Tests ~and Zns ections

The condensate storaqe and transfer system is used during Plant
operation and requires only visual inspections for leakage or
deterioration and to verify operation of the various transfer
pumpse

The system vill be preoperationally tested in accordance vith the
requirements of Chapter 14.
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Each tank is provided with a level transnitter that operates a
pen in a recorder located in .,the control roon. Bach condensate
storage tank has a separate pen In addition to the, level
transmitters, each tank has high and low level switches that
alarm in the control room and a low low level switch that trips
the condensate transfer puaps if they are running.

Redundant low low level switches are installed in each tank to
provide a permissive to allow the HPCI pumps to take suction from
the respective reactor suppression pool instead of from the
respective condensate storage tank, which is the primary sourceof water to the HPCI system

n

Befue~lin Mater Storage Tank

This tank is provided with a level transmitter that operates athird pen on the control room recorder referred to above. In
addition the tank has high and low level switches which alarm in
the control room and a low low level switch that trips the
refueling water pumps if they are running.

9 2 11 POTABLE AND SANITARY HATER SYSTEMS

The potable water system provides cold and hot water of a quality
acceptable for'uman consumption to plumbing fixtures for the
entire plant.
The sanitary waste disposal system treats and disposes waste fromall the plumbing fixtures except those which could possibly
contain chemicals or radioactivity. Those wastes are handled by
the radwaste systems.

9. 2. 11 1 Design Bases

The potable water system has no safety related function and is
designed to prevent radioactive contamination of this system
Before it enters the distribution system, the potable water is
filtered and treated in order to prevent harmful physiologicaleffect to plant personnel. This treatment is described in
Subsection 9.2.8. Its bacteriological and chemical quality
conforms to the requirements of the Pennsylvania Department of
Environmental Resources.

REV. 1
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Potable water systen is designed to provide up to a naxinum of
200 gpn during peak denand periods.. The potable water is drawn
from a 500,000 gallon capacity clarified water storage tank

Hater heaters are provided to supply hot water to the toilet and
shower areas and other locations where needed The storage
capacity of the water heaters are based on the maximum hot water
demand which .is anticipated to occur during the plant personnelshift change during naintenance and refueling operations Use of
only 70 percent of the stored capacity of each unit was assumed
due to the addition of cold makeup during the drawdown.
recovery period of 5 hours was used to determine the size of the
large electric heaters which are located in the Adminstration
Building Control Structure, and the Radwaste Building.

9 2 ~11 2 S stem Deme i tien

The source of pater for the potable water system is from the
500,000 gallon capacity clarified water storage tank. The water
before it is stored in the clarified water storage tank isclarified and filtered as described in Subsection 9 2 8

The potable water system is 'designated as non-Seismic Category I
and includes the clarified water storage tank, cia rified water
pumps, hypochlorinators, potable ~ater retention tank, electric
storage water heaters and the necessary interconnecting piping
and valves.

The potable water system is shovn in Figure 9 2-7.

9 2. 1-1~2 1 Clarified Hater St~arm e 2'ant

The clarified water 'storage tank is a carbon steel tank with a
capacity of 500,000 gallons. This tank supplies water for the
demineralizer, potable water system and the initial 200,000 gpmfor the fire protection water system

9.2. 1~12 2 Clarified Water Pumps

Three pumps, one 100 qpm, one 200 gpm and one 300 gpm capacity,
supply clarified water to the makeup demineralizer system and to
the potable water system. Normally, the 100 gpm pump is in
continuous operation, with 'the larger pumps being on standby.
The 200 gpm and 300 gpm pumps start automatically and in sequence
when the system pressure drops to "lov« or »lov-lov»,
respectively. The pumps vill stop automatically when reduced
demands cause the system pressure to rise.
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The 6-inch line going to the makeup demineralizer system is
provided vith a backflow preventer using double check valves.
The makeup demineralizer water is supplied at 120 psig and this
is the only source of pressure in the system. There are no
pressure sources to initiate a backflow downstream of the
backflow preventer.

9 2 11 2.3 ~H ochlorinator

A pressure reducing valve reduces the pressure of the potable
water supply to 85 psiq dovnstream of the clarified water pumps.

One of the tvo vater-meter-driven hypochlorinator pumps injects
hypcchlorite from the hypochlorite solution tank into the potable
water system. Each pump has a maximum capacity of 50 gpm The
chlorine feed vill be proport'ional to the potable vater flow.

9.2. 11.2 4 Potable Mater Retention .Tank

The chlorine treated water is retained in a 5000-gallon capacity,
carbon steel, horizontal tank. Baffles in the tank ensure that
the vater is retained for a minimum of 35 minutes in order for
the chlorine to neutralize living orqanisms in the water before
consumption.

9.2.11.2 5 Hot Mater Stora e Heaters

Electric storage water heaters of immersion heating element type
are provided in four places in the plant. Hot vater for the
plumbing fixtures in the Control Structure is supplied by one
865-gallon storage capacity electric water heater. One 1300-
gallon capacity electric water heater located in the Service and
Administration Building vill supply all the hot vater
requirements of the Service and Administration Building. One
530 gallon storage capacity electric vater heater vill supply hot
water to the clothes washing machines and decontamination areas
in the Radvaste Building. A 30-gallon capacity electric vater
heater supplies hot water to the plumbing fixtures in the Mater
Treatment Building. The pressure tanks of the tvo large water
heaters are constructed and stamped in accordance with the latest
ASME Code Section XV for 150 psig design pressure All four
vater heaters are wired in accordance with the National Electric
Code and are UL listed.
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9.2.11 2.6 Valves

ASIDE code-rated and approved relief valves are provided on all
electric storage vater heaters for temperature and pressurerelief.
self-actuated pressure reducing regulators are provided in the
branch lines supplying each building. Pressures are set to
ensure that no plumbinq fixture or equipment connection is
subjected to a static pressure greater than 65 psig or'ess than
15 psiq.

9. 2 11. 2.7 Pi i~n

Piping materia ls used in the potable "vater distribution systemvill prevent the introduction of ob jectionable tastes, odors,
discoloration and toxic conditions into the system, and conform
to the provisions of the Uniform Plumbing Code.

Piping sizes were designed to limit the flow velocity to a
maximum of 8 fps and thus minimize noise, system shock and water
hammer Water hammer arresters, approved and certified by the
Plumbing and Drainage Institute, are installed at appropriate
locations.

9.2.11.2.8 sanltat Masts ni~sosal

All vastes from plumbinq fixtures that have no potential. for
radioactive, oil or chemical contamination are conveyed to the
Plant Sewage Treatment Plant.

The sewage treatment plant combines, pulverizes, and aerates the
influent sewage and then clarifies it by settling the sludge.
The treatment plant then removes the sludge and chlorinates the
ef fluent that discharges to the Susquehanna River The
bacteriological and chemical quality of the effluent conforms to
the requirements of the Pennsylvania Department of Environmental
Resources.

-The sevaqe treatment system is shown schematically in Figure 9 2-
10

9. 2. 11. 3 Sa fet Evaluation

The potable water and sanitary waste disposal are not safety-
related and are not designed to Seismic Category I reguirements.
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Failure of this system will not compromise any safety-related
system or component or prevent safe shutdown of the plant.

Contamination of the potable water system will be prevented by a
combination of air gaps, vacuum breakers and backflow preventers
of the reduced pressure zone type.

Backflow preventers are provided on both the 3/4-in. hot and cold
water branch lines supplying the Laundry Room and the 1-in. hot
and cold water branch'ines supplying the Radiation Chemical
Laboratory in the Control Structure.

The 2-in. cold water lines that vill supply vater to the
decontamination showers and lavatories in Units 1 and Unit 2
Reactor Buildings are provided with backflow preventers before
they enter the buildings.

Backflov preventers are also provided on the 1-1/2-in. hot and
cold vater lines that vill supply water to the decontamination
showers and lavatories, clothes washers, service sink and the
flushing nozzles of the Radvaste Solidification System in the
Hadvaste Building.

Decontamination lavatories are provided with faucets that are
photocell actuated to automatically close whenever the hands are
removed. The spout location provides an air gap of 6-1/2-in.
from the flood level All hose bibb connections to the clothes
vashers are provided with vacuum breakers. All sink faucets with
hose ccnnections are also provided with vacuum breakers. The
flushinq spray nozzles for the radvaste solidification system
discharqe to atmospheric pressure and are controlled by normally
closed, fail closed valves in addition to the 1-1/2-in. backflow
preventer.

Sanitary vaste is disposed of in accordance with the requirements
of the Pennsylvania Department of Environmental Resources
Potentially contaminated waste from the decontamination showers
and lavatories, laundry room, and chemical laboratory is directed
to the radwaste treatment system.

9.2.11.4 1ests an~Insgectinns

The potable water piping vill be subjected to a
pressure of 100 psiq. The system will be disinf
chlorine for 24 hours. The system will then be
flushed with potable water. The sanitary waste
subjected to a hydrostatic test pressure of not
foot head of water.

hydrostatic test
ected with 50 ppm
drained and
piping vill be
less than a ten-

Inspection of the entire system for compliance vith the
provisions of the Uniform Plumbing Code vill be performed.
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Periodic tests on the potable water will be performed to
determine the residual ppm chlorine content. The sanitary vaste
effluent vill be tested periodically to determine dissolved
oxygen, settable solids and pH.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

9 2. 11 5 Instrumentation A~licati~o

Pressure controllers are provided to start and stop the clarified
vater pumps as described in Subsection 9. 2.11 2.2; Thermostats,
high-temperature limit svitches, and temperature gauges are
installed on hot vater storage heaters. Alarm units, activated
upon operation of emergency showers and eyewash units, register
local alarms.

A flov meter measures, records and totalizes the effluent flov of
the sewer system. An electrical control panel with on-off
pushbuttons and indicator lights for all four blover motors,
surge tank pump, spray pumps, chlorinator and all other motors of
the sewaqe treatment plant are installed in the sevage treatment
control house. Trouble alarm for any motor failure in the
treatment plant, includinq trouble vith the motor or compressor
of the surge tank effluent pump, and the air pressure shall be
transmitted to the main plant control room with local indication
of the particular malfunction.

9 2 12 CHILLED MATER SYSTENS

9 2 12 1 Control Structure Chilled Mater System

9 2 12. 1. 1 Design Bases

The control structure chilled water system is designed to supplychilled water at 440F to the ccntrol room floor cooling system,
computer room floor coolinq system, and the control structure
HCV system. These systems maintain design air temperatures
inside the control structure during all modes of plant cperation

The control structure chilled water system is designed so that a
single failure of any active component,, assuming loss of both
offsite power and normal source of cooling water, cannot result
in loss of chilled water to the above air conditioning systems
durinq all modes of plant operation
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Codes and standards applicable for the system are listed in Table
3' 2 1 ~

il

The control structure chilled water system has three subsystems.

a) The chilled water circulation subsystem is safety
related and designed to meet Seismic Category I
requirements.

The pressure vessels, piping, pumps, valves, and tanks
in this subsystem are designed to quality group D, in
accordance with Safety Guide 26, March 1972

The system was not designed to guality group C (ASME
Section III, Class 3), since the purchase orders for the
main components (centrifugal chillers and air handling
units) were placed in May and July 1974. Regulatory
Guide 1.26 (September 1974), provides an option to
design the contrcl room chilled water system to guality
group C for the plants whose docket date of application
precedes January 1, 1975. Since the system is Q-listed
and Seismic Category I, the design meets Regulatory
Guide 1.26 with the above exception.

b) The emergency condenser cooling water subsystem.

This subsystem has a safety related function and is
safety related function and is designed to meet Seismic
Category I requirements.

The pressure vessels, pipinq, pumps, and valves in this
subsystem are designed to quality group C (ASIDE Section
III, Class 3) to comply with the design basis of the
emergency service water system.

c) The normal condenser coolinq water subsystem.

This subsystem has no safety related function and is not
Seismic Category I.
The pressure vessels, piping, pumps, and valves in the
subsystem are desiqned to quality group D in accordance
with Safety Guide 26, March 1972.

„9 2-57



SS ES-YS AR

9 2 12~1. 2 ~Sstem Description

9.2.12 1.2.1 General Deec~ri tice

The system is common to Units 1 and 2. The system consists of
two identical 100 percent capacity chilled water trains. Each
train consists oX a centrifuqal chiller, a chilled water pump,
one normal condenser water pump, one emergency condenser water
pump, six cooling coils, cl'osed expansion tank, chemical addition
tank, air separator, interconnecting piping, instrumentation, and
controls.
The system is shown schematically on Figure 9.2-11.

Heat .from the six space cooling coils is transferred to the
chiller by the circulating chilled water. The heat gained is
removed from the chilled water in the chiller evaporator, by a
flow cf refrigerant which in turn is cooled by the condenser
coolinq water.

During normal plant operation the source of condenser cooling
water is the nonsafety related service water system. Whenever
emergency conditions prevail, the safety related Emergency
Service Mater System {ESMS) provides condenser cooling water

The normal makeup water supply to the chilled water circulation
subsystem is throuqh the manually controlled valve provided in
the makeup demineralized water system. The ESSES provides a
redundant source of makeup water through a manual control valve.

The chemical addition subsystem, provided to minimize pipinq
corrosion and scale buildup,, is manually controlled and is
normally isolated. This subsystem is not safety related.

The components of the system are located in the control structure
building.
An air separator and an expansion tank are provided to
accommodate expansion and contraction in the system due to
temperature fluctuations.

9.2.12. 1.2.2 Co~m onent Description

Design data for major components of the control structure chilled
water system are listed in Table 9.2-14.
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One of the two chilled water trains vill be in operation during
all modes of plant operation including LOCA Starting a chilled
water pump from the control room initiates the operation of that
train operation. Under normal conditions, one chilled water
train will be operatinq and the other train vill be on standby.

Chilled vater outlet temperature vill be maintained at 44~F by
automatically positioninq the compressor inlet vanes that are
controlled by the temperature of the chilled water line leaving
the evaporator.

Each of the air handlinq systems is provided with a
thermostatically controlled chilled water three way valve
modulated by a temperature controller to match the cooling load
requirement. Operation of the standby control structure chilled
water train vill be automatic on failure of the operating train

The control structure chilled water system is powered from the
emergency pover supply system. On loss of offsite power the lead
chilled water train vill restart automatically according to the
diesel generator loadinq sequence.

If the water level in the closed expansion tank falls below the
low level, this condition will be annunciated in the control
room.

9.2.12.1.3 ~Safet Evaluation

The control structure chilled water system is housed within the
Seismic Cateqory I control structure. Mind and tornado
protection is discussed in Section 3.3. Flood design is
discussed in 3.4. Missile protection is discussed in Section
3.5. Protection aqainst dynamic effects associated with the
postulated rupture of piping is discussed in Section 3. 6.
Environmental design considerations are discussed in Section
3. 11.

The components of the system required for emerqency operation are
desiqned to Seismic Category I requirements. The components and
supportinq structures that are not Seismic Category I, and whose
collapse could result in a loss of a required function of the
chilled water system through either impact or flooding, are
analytically checked to verify that they vill not collapse when
subject to seismic loadinq from the Safe Shutdown Earthquake.

The chilled water system capacity is selected and tested to
provide adequate heat transfer to allow the air conditioning
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system to maintain design ambient air temperatures inside the
control structure building.
Two separate 100 percent capacity independent systems provide
mechanical redundancy. Coupled with the redundancy of electrical
design, a failure of any single active component cannot result in
a loss of both trains of engineered safety feature eguipment,
thus, enabling a safe shutdovn of the plant.
Eor a failure mode and effect analysis of chilled vater system,
refer to Table 9.2-15

9 2 12. 1 4 Tests and Inspection

j

The system vill be preoperationally tested in accordance with the
requirements of Chapter 14.

Provision is made for periodic inspection of major components to
ensure the ca'pability and integrity of the system. Local display
devices are provided to indicate all vital parameters (pressures
and temperatures) required in testing and inspections.

During normal plant operation, when the ESMS is available the
emerqency condenser vater pump of the operating chiller can be
test operated. A test svitch located in the control room can
simultaneously stop the normal condenser water pump and start the
emergency condenser vater pump without stopping the chiller.

9.2. 12. 1. 5 Instrumen~t A ylications

The hand control switches of the chilled vater pumps and the
status indicatinq lights of the major components of the chilled
water systems'are located in the control room A chilled water
train is started or set in a standby mode through the ccntrol
switch of the chilled vater pump.

The chilled vater system instrumentation is redundant and
seismically qualified. Power supplies to the instruments are
redundant and connected to the emergency buses.

Xndicators for the chilled water temperature and flow as veil as
the emergency condenser water flow are provided in the control
room and will monitor the operation, of the chilled vater loop
during erne"gency conditions.
The following abnormal conditions are alarmed in the control
room:

a) Failure of the chilled water pump
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b) Failure of. the normal condenser water pump

c) Pailure of the emergency condenser water pump

d) High and low water levels at the expansion tank

e) Chilled water high temperature.

9 2. 12 2 Turbine Buildin Chilled Qater~S stem

9.2 12 2.1 Desi n Bases

The turbine building chilled water system has no safety related
function.

During normal operation the turbine building chilled water system
is designed to supply chilled ~ater at 50oP for maintaining
design ambient air temperatures in various areas throughout the
turbine building. The system is designed to permit periodic
inspection, testing, and maintenance of principal components with
a minimum loss of normal operation

Codes and standards applicable for the system are listed in Table
3 2-1

9. .1 2.2 S stem Descri~tiom

Unit 1 turbine building chilled water system supplies chilled
water at 50oP to supply unit cooling coils, recirculation unit
cooling coils, condensate pump room unit coolers, condenser
compartment unit coolers, and access control unit cooling coils.
The Unit 2 system is identical except that the access control
coolinq load is met by the Unit 1 system. Units 1 'and 2 systems
also provide chilled water to their respective mechanical vacuum
pump seal water coolers during startup. The following is a
description of the Unit 1 system

The system consists of two centrifugal water chillers, two
evaporator chilled water circulating pumps, two condenser water
pumps, two chilled water loop circulatinq pumps, an air
separator, an expansion tank, a chemical addition tank, air
cooling coils, interconnectinq pipinq, instrumentation and
controls. Each of the chillers and pumps is sized for 100
percent of nominal system capacity
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The system is shown schematically on Figure 9.2-12.

Heat gained by the circulating chilled water is removed in thechiller evaporator by a flow of refrigerant vhich in turn is
cooled by the condenser cooling water.

Condenser cooling water is provided by the service vater system.

The makeup water supply is through the manual valve provided in
the makeup connection to the demineralized vater system.

The chemical addition subsystem provided to minimize piping
corrosion and scale buildup is manually controlled.
An air separator and an expansion tank are provided to
accommodate expansion and contraction in the system due to
temperature change.

The components of the system are located in the turbine building

Desiqn data for major components of the turbine building chilled
water system are listed in Table 9. 2-16.

9. 2. 12 2.2~3S stem 0 eration

The turbine building chilled water system operates on a year
round basis. One chilled water loop circulating pump, one
evaporator chilled vater circulating pump, one condenser water
pump, and one chiller normally operate, vhile the others remain
on automatic standby. However, if the cooling load exceeds thefull capacity of one chiller, the standby chiller will
automatically pick up a portion of the load.

The system is started by energizing a selected chilled vater loop
circulation pump. A preselected set of chiller, evaporator
chilled water pump, and condenser cooling water pump are then
sequenced in automatically.

The return chilled water is cooled by the operating chiller and
recirculated through the chilled water supply loop to the supplyair cooling coils. Two temperature sensors located in the
chilled water supply main modulate the compressor inlet guide
vanes of their respective chillers to maintain constant chilled
vater-supply temperature in the loop The condenser cooling
water outlet temperature is maintained constant by mixing the
coolinq water supply and return flow using tvo butterfly valves
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under the control of the condenser leaving water temperature
controller.
Three way mixing valves regulate chilled water flow rate through
the supply unit cooling coils, recirculation unit cooling coils,
and access control H/V unit cooling coils as described in Section
9 4

Mhen the temperature of air upstream of any of the cooling coils
in the turbine building H/V unit or access control H/V unit drops
below the set value of the temperature switches, this is
annunciated locally as indication of failure of the upstream
heatinq coil. Purther drop of air temperature will be detected
by another set of temperature s~itches which will initiate the
draining of water in the coolinq coils to prevent freezing.
Vacuumn breakers, relief valves, and water connections are
provided for draining and manual refilling purposes. manual
switches and valves are provided for coil drain system testing.

High and low levels of the expansion tank are annunciated locally
and retransmitted as a trouble alarm to the control room. The
tank is filled, drained, and pressurized through manual valves.

9 2.12.2.3 Safet Evaluation

Since the turbine building chilled water system has no safety
design basis, ao safety evaluation is provided. However the
system includes some features that ensure its reliable operation
during normal plant operation. These features include redundant
components for equipment such as chillers and pumps.

9.2.'!2.2.n 1est and Enspactions

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

Provision is made for periodic inspection of major components to
ensure the capability and integrity of the system. Local display
devices are provided to indicate vital parameters (pressures and
temperatures) required in testing and inspections.

Operation of the water chillers and chilled water pumps will be
initiated manually from a local control panel Automatic standby
operation of chillers and pumps is provided.
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Indicators on the local panel provide operation status of
chillers and pumps. Local pressure and temperature indicators
display the appropriate system parameter associated with the
chillers and pumps.

The following abnormal conditions are alarmed at the local
control panel and retransmitted to the control room as a trouble
alarm:

a)

c)

Failure of aay pump

Failure of any chiller
High and low water level in the expansion tank

d) Low temperature at the upstream face of the cooling coil
in the access control heating/ventilating unit and
turbine building supply unit.

92123 eactor Buil in@ Chilled Mater S stem

B 2.12.3.1 Design Bases

Portions of the Reactor Building Chilled Mater System have safety
related functions. The safety related portions include the
primary containment piping penetratioas and containment
isolation valves. The safety related portions ar'e designed to
meet Seismic Category I requirements.

The chilled water piping inside the drywell will have no adverse
effects oa adjacent safety related equipment

During normal operation the Reactor Building Chilled Mater System
is designed to maintain normal design air temperatures in various
areas in the reactor building, including the emergency switchgear
and load center room and the drywell.

The system is also designed to supply chilled water to the
reactor recirculation pump motor coolers inside the drywell to
maintain motor temperature within allowable limits.
The Reactor Building Chilled Mater System is designed to permit
periodic inspection, testing, and maiatenance of principal
components with a minimum loss of normal operation.

The Reactor Building Closed Cooling Mater System provides a
backup to the portion of the Reactor Building Chilled Mater
System that serves the primary containment., to maintain drywell
temperatures and provide reduced cooling to the recirculation
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pump motor coolers during loss of offsite power or failure of the
Reactor Building Chilled Mater System.

Codes and standards applicable for the System are listed in Table
3 2-1

9. 2. 1 2. 3. 2 S stem Descr i t ion

9.2.12 3.2.1 General Descri tion

Unit 1 Reactor Building Chilled Mater System supplies chilled
water at 50~P to the Zones I and III air supply unit cooling
coils, emergency switchqear and load center room air handling
units, reactor recirculation pump motor coolers, and drywell unit
coolers.

The Unit 2 system is identical except that Zone I (Unit 1 portion
of the coolinq load) is replaced by Zone II for Unit 2.

The followinq discussion is applicable for the Unit ) system.

The system consists of two centrifugal water chillers, two
evaporator chilled water circulatinq pumps, two condenser water
pumps, two chilled water loop circulating pumps, an air
separator, an expansion tank, a chemical addition tank, air
coolinq coils, interconnecting piping, instrumentation, and
controls. Each of the chillers and pumps is sized for 100
percent of system capacity.

The system is shown schematically on Figure 9.2-13a and 9.2-13b.

Heat qained by the circulating chilled water is removed in the
chiller evaporator by a flow of refrigerant, which in turn is
cooled by the condenser coolinq water.

Coolinq water to the chiller condensers is provided from the
plant Service Mater System. Nakeup water supply is through a
manual valve, provided in the branch connection from the
demineralized water supply system.

The chemical addition subsystem, provided to minimize piping
corrosion and scale buildup, is manually controlled and is not
safety related.
An air separator and an expansion tank are provided to
accommodate expansion and contraction in the system due to
variations in temperature.

The components of the system are located in the reactor building.
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9.2.12 3.2.2 Com onent Descri tion

Desiqn data for major components of the Reactor Building Chilled
Water System are listed in Table 9.2-17

9.2 12 3.2.3 S stem 0 eration

The Beactor Building Chilled Mater System operates continuously.
one chilled water loop circulating pump, one evaporator chilled
vater circulating pump, one condenser water pump, and one chiller
normally operate vhile the redundant units remain on automatic
standby. However, if the cooling load exceeds the full capacity
of one chiller, the standby chiller vill automatically pick up a
portion of the load

The system is started by energizing a selected chilled water loop
circulation pump. A preselected chiller, evaporator chilled
vater pump, and condenser cooling water pump are then
automatically started in sequence.

The return chilled water is cooled by the operating chiller and
recirculated through the chilled water supply loop to the air
coolinq coils.
Tvo temperature sensors in the chilled water main supply header
modulate the compressor inlet guide vanes of their respective
chillers to maintain constant chilled water supply temperature in
the loop. A temperature controller maintains constant condenser
cooling water outlet temperature by modulating butterfly valves
on the cooling water supply, and return.
Three vay valves are used for regulating the chilled water flow
rate through the cooling coils except those in the dryvell unit
coolers and recirculation pump motor coolers, which are balanced
for constant flow.

When the temperature of air upstream of any of the cooling coils
in the Zone I and Zone III supply air unit drops below the set
value of the temperature switches, this is annunciated as
indication of failure of the upstream heating coil. Further drop
of air temperature vill be detected by 'another set of temperature
svitches which vill initiate the draining of water in the cooling
coils. There are tvo sets of unit coolers vith seven unit coolers
in each set for the drywell. Each set is on a separate piping
loop, and each is sized for the normal load. This redundancywill ensure 100 percent cooling capacity for the dryvell, if
either loop fails. Two separate piping connections supply
chilled vater to recirculation pump motor coolers A and B.
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On failure of both chillers, the flow valves on the chilled water
connections to the drywell coolers close and the interconnecting
valves on the Reactor Building Closed Cooling Water System 'open
automatically to supply cooling water to the dryvell units except
on loss of offsite power vhen this transfer is performed manually
after transfer of RBCCW heat exchanger to the ESW,system. The
flow valves in the Chilled Water System will return to their
normal positions when one of'he two chillers restores the supply
of chilled vater or the offsite power is restored.

During a DBA, there will be no chilled vater or reactor building
closed cooling water supply .to the drywell, because the
containment isolation valves vill be closed.

During refueling operations, the chilled vater available for the
Zone XII cooling coils is increased by shutting off the supply to
the recirculation pump motor coolers. This will provide more
comfortable vorking conditions for plant personnel on the
refueling floor if plant, shutdown occurs during periods of high
outside air temperature.

The operation of the Reactor Building Chilled Water System has no
safety related function. The isolated portions of the
containment are safety related as described in Subsection 6.2.4.

The chilled water piping inside the dryvell has been examined to
ensure that in the event of a SSE it vill have no adverse

effects'n

adjacent safety related equipment.

9.2 12.3.4 Test and Ins ections

The system vill be preoperationally tested in accordance vith the
requirements of Chapter 14.

t

Provision is made for periodic, inspection of major components to
ensure the capability and integrity of the system I,ocal display
devices are provided to indicate vital parameters ('ressures and
temperatures) required in testing and inspection.

9~12. 3.5 Irrstrnssnt A lications

Operation of the water chillers and chilled vater pumps will be
initiated manually from a local control station. Automatic
standby operation of chillers and pumps is provided.
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Indications are displayed at the local control panel to show
operation status of chillers and pumps. Local pressure and
temperature indicators display the appropriate system parameter
associated with the chillers and pumps.

Chilled water flow into and out of the containment will be
controlled by isolation valves that vill close automatically on
isolation signal or power failure at the valve For complete
discussion on containment isolation, refer to Section 6.2. 4.

The following abnormal conditions are alarmed at the local
control panel and retransmitted to the control room as a trouble
alarm:

a) Failure .of any pump

b) Failure of any chiller
c) High and low water level at the expansion tank

d) Low temperature at Zones I and XIX cooling coils
e) Dryvell cooling coils outlet vater high temperature

9.2 12.a Rad~ma te Bni~ldin Chilled Mater System

~9 12 4 1 Des~i n Bases

The Radwaste Building Chilled Water System has no safety related
function.

The Radwaste Building Chilled Water System is designed to supply

!

chilled water at 48oF to six cooling coils in the supply air unit
and to four coils in the off-gas area unit to maintain design
ambient air temperatures in various areas of the radwaste
building
The system is designed to permit periodic inspection, testing,
and maintenance of principal components with a minimum loss of
normal operation.

Codes and standards applicable for the system are discussed in"
Table 3.2-1.
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9.2. 12.4 2 ~S stem Description

9 2. 12.4.2 1 General Des~cri tion

The system is common to both Units 1 and 2. It consists of two
centrifugal water chillers, two evaporator chilled water
circulating pumps, two condenser water pumps, two chilled water
loop circulating pumps, an air separator, an expansion tank, a
chemical addition tank, air cooling coils, interconnecting
piping, and controls. Each chiller and pump is sized for 100
percent of nominal system capacity The system is shown
schematically on Figure 9.2-14

Heat gained by the circulating chilled water is removed in the
chiller evaporator refrigerant which in-turn is cooled by the
condenser cooling water.

Cooling water to the chiller condenser is provided from the
normal Service Water System.

The makeup water supply comes through the manual valve provided
in the makeup connection to the demineralized water system

The chemical addition subsystem provided to-minimize piping
corrosion and scale buildup is manually controlled.
An air separator and an expansion tank are provided to
accommodate expansion and contraction in the system due to
temperature change.

The components of the system are located in the radwaste
building.

9.2 12.4 2 2 Con2onent Des~cci tion

Design data for major components of the Radwaste Building Chilled
Mater System are listed in Table 9.2-18.

9 2 12 4. 2. 3 S stem 0 eration,

A preselected chilled water circulating pump and a chiller with
its associated evaporator and condenser water circulating pumps
start automatically when the outside air temperature reaches
52oF If the cooling load exceeds the full capacity of the
operating chiller, the standby chiller will automatically pick up
a portion of the load.
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The system can be manually started by energizing a selected
chilled water loop circulation pump. A preselected set that
includes the chiller, evaporator chilled water pump, and
condenser cooling water pump is then sequenced in automatically
The return chilled water is cooled by the operating chiller and,
recirculated through the chilled water supply loop to the air
cooling coils. Two temperature sensors located downstream of the
chillers in the chilled water supply main modulate the compressorinlet guide vanes of their respective chillers to maintain
constant chill'ed water supply temperature in the loop.

A temperature controller maintains constant condenser cooling
water outlet temperature by modulating a three way valve between
the cooling water supply and return line.
Three-way valves are also provided for regulating the chilled
water flow rate through the air supply unit and off-gas area unit
cooling coils.
Mhen the temperature of air upstream of any of the air supply
unit cooling coils drops below the set value of the temperature
switches, this is annunciated at the local control panel as
indication of failure of the upstream heating coil Further drop
of air temperature will be detected by another set of temperature
switches, which will initiate the draining of water in the
cooling coils to prevent freezing. Vacuum breakers, relief
valves, and water connections are provided for draining and
manual refilling purposes. Manual switches and valves are
provided for coil drain system testing.
High and low levels of the expansion tank are annunciated locally
and as a trouble alarm to the control room. The tank is filled,
drained, and pressurized through manual valves.

9 2 12.9-3 EgretEvalaatlaa

Because the Radwaste Building Chilled Rater System has no safety
design basis, no safety evaluation is provided. However, the
system has features that ensure its reliable operation during
plant normal operati,on. These features include redundant
eguipment such as chillers and pumps. Additional features
include fail-safe positions on the system controls and equipment
safety controls.

9.2.12 4 4 Tests and Ins ections

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.
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Provision is made for periodic inspection of major components to
ensure the capability and integrity of the system. Local display
devices are provided to indicate vital parameters (pressures and
temperatures) required in testing and inspections.

9.2.12.4.5 Instrument Applications

Gperation of the chilled water system wi11 be initiated manually
from a local control panel. Automatic standby operation of
chillers and pumps is provided.

Indications displayed on the local control panel give the
operating status of chillers and pumps. Local pressure and
temperature indicators display the appropriate system parameters
associated with the chiller and pumps.

The following abnormal conditions are alarmed at the
local'ontrolpanel and retransmitted to the control room as a trouble

alar m:

a) Failure of any pump

b) Failure of any chiller
c) , High and low water level in the expansion tank

d) Low air temperature at the upstream side of the air
supply unit cooling coils
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Table 9. 2-1

LIST OF COOLERS SUPPLIED COOLING iPATER BY THE
S ERVICE M ATER S YST Eil

Generator Stator Coolers

2 Generator Hydrogen Coolers

3. Alterrex Air Coolers

4. Iso-Phase Bus Coolers

5. Gaseous Badvaste Recombiner CCM Heat Exchangers

6. Turbine Building CCM Heat Exchangers

7 Turbine Lube Oil Coolers

8. Reactor Feed Pump Turbine Lube Oil Coolers

9. Reactor Recirculation Pump N-G Set Fluid Coolers

10.

12

13

14

15.

16.

17

18.

Reactor Building CCM Heat Exchangers

Fuel Pool Heat Exchangers

Pipe Tunnel Coolers

Turbine Building Chillers
Reactor Building Chillers
Control Structure Chillers
Radwaste Building Chillers
Radwaste Evaporator Condensers

Radwaste Ambient Charcoal Chillers
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TABLE 9.2-2

EMERGENCY SERVICE MATER SYSTEM PLOWS
(EACH LOOP) (TWO GENERATING UNITS)

Co m~one nt

1. Emergency Diesel Generator Heat
Exchangers

2. RHR Pump Seal Coolers

3. RHR Pump Motor Bearing Oil Coolers

4. RHR Pump Boom Unit Coolers

5. Core Spray Pump Room Unit Coolers

6. HPCI Pump Room Unit Coolers

7- RCIC Pump Room Unit Coolers (>)

8. Control Structure Chiller
9. Emergency Svitchgear and Load Center

Cooler

Plant ShutdoMn
Flovrate ~pm/

4840

72

24

504

160

112

80

740

90

10 RBCCif Heat Exchanger

11. TBCCM Heat Exchanger

12, Makeup to Fuel Pools

TOTAL

Division II (Loop B) only
Division I (Loop A) only
Maximum Demand Per Loop

2800¹

490¹

120

9920 (GPM (Division I) ~

.9952 GPM (Division II) ~

¹Non-essential service and on one loop only
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TABLE 9.2-3

DEFINITION OF ESW FIOWS AND HEAT LOADS FOR UNITS 1 6 2

Comeonenn

No. of
Users

,~Pen too

Unit 1 Unit 2

ESW Flow
Per User
~(m)

Total ESW Cooling Duty
Flow Per Per User

~(6

2.

Standby diesel-
generator htx

RHR pump room unit
cooler

RHR pump motor
bearing oil cooler

4 Common
Total

1,210

126

4,840

504

24

9. 555

.51

.05

4. RHR pump seal cooler 18 72

5.

6.

7.

8.

9.

*10.

Core spray pump
room unit cooler

HPCI pump room
unit cooler

RCIC pump room
unit cooler

Control structure
chiller

Emergency switchgear
S load center cooler

RBCCW heat exchanger
a) drywell coolers
b) clean up recirc pump

coolers
c) reactor recirc pump

and motor coolers

1 Common
per loop

40

28

20

740

45

1,400

160

80(2)

740

90

2,800

.2

.14

.100

3.7

0.2

5.60

.7

1.0

7.3

*ll

12.

TBCCW heat exchanger 1
a) CRD pump unit coolers

Makeup to fuel
pools

245

60

490

120

.04

No pond duty

Total Loop Flow

Division II (Loop B) Only.(1) .t Division I (Loop A) Only.
Maximum Demand Per Loop.

* On One Loop Only.

9,920 GPM (Division I) (3)
(3)

9,952 GPM (Division II)
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TABLE 9.2-4

ESW COOLING DUTY FOLLOWING DBA FOR MINIMUMHEAT TRANSFER CASE (LOSS OF ALL AUXILIARYPOWER FOLLOWED BY A SINGLE UNIT IOCA)

Time
Operating
~Safe uards

LOCA S/D
Unit Unit

Cooling Duties
On ESW

Number In Use
LOCA Unit S/D Unit

Total ESW

Cooling Duty
(X10 BTU Hr.)

0-10 Mins. 1) RHR Pumps
2) RHR Hx's

3) CS Pumps
4) ADS Valves
5) RCIC Pumps
6) HPCI Pumps
7) RHR SW Pumps
8) ESW Pumps
9) Diesels

4-LPCI 0
0 0

4 0
Closed Open

0 1
0 1
0 0

All 4 Run
All 4 Run

1) Diesel-generator Hx
2) Control Structure Cooler

Chiller
3) Em. Switchgear and Load Center
4) RBCCW Hx
5) TBCCW Hx
6) RHR Room Cooler
7) RHR Motor Oil Cooler
8) RHR Pump Seal Cooler
9) C.S. Room Cooler

10) HPCI Room Cooler
ll) RCIC Room Cooler

4 - Common
1 - Common

Total

38.22
3.7

0 '00
0
0

1.02
.200
.400
.40
.140
.10

44.58

10-30 Mins. 1) .RHR l.~s
2) RHR Hx's
3) CS Pumps

4) ADS Valves
5) RCIC Pumps
6) HPCI Pumps
7) RHR SW Pumps
8) ESW Pumps
9) Diesels

2-Cont 1 Pool
Spray Cool
1 1
4 0

Closed Open
0 1
0 0
1 1

All 4 Run
All 4 Run

1) Diesel-generator Hx

2) Control Structure Cooler
3) Em. Switchgear and I,oad

Center Cooler
4) RBCCW Hx
5) TBCCW Hx
6) RHR Room Cooler
7) RHR Motor Oil Cooler
8) RHR Pump Seal Cooler
9) C.S. Room Cooler

10) RCIC Room Cooler

4 - Common

1 — Common

Total

38.22

3.7

0.400
0
0

1.02
.15
.30
.40
.100

44.29
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ESW COOLING DUTY FOLLOWING DBA FOR MINIMUMHEAT TRANSFER CASE LOSS OF ALL AUXILIARYPOWER FOLLOWED BY A SINGLE UNIT IOCA

Time
Operating
~Safe aaada

I,OCA S/D
Unit Unit

Cooling Duties
On ESW

Number In Use
rocA vasa v~n unia

Total ESW

Cooling Duty

30 Mins.- 1)
Approx.3 hrs.

2)
3)
4)
5)
6)
7)
8)
93

RHR Pumps

RHR Hx's
CS Pumps
ADS Valves
RCIC Pumps
HPCI Pumps
RHR SW Pumps
ESW Pumps
Diesels

2-Cont 1 Pool
Spray Cool
1 1
2 0

Closed Open
0 1
0 0
1 1

All 4 Run
All 4 Run

1) Diesel-generator Hx

2) Control Structure Chiller
3) Em. Switchgear and Ioad Cooler
4) RBCCW Hx
5) TBCCW Hx
6) RHR Room Cooler
7) RHR Motor Oil Cooler
8) RHR Pump Seal Cooler
9) C.S. Room Cooler

10) RCIC Room Cooler

4 - Common

1 - Common
1

38.22

3.7
.400

0
0

1.02
.15
.30
.20
.100

RHR Pumps

RHR Hx's

3) CS Pumps

4)
5)
6)
73
8)
9)

ADS Valve
RCIC Pumps
HPCI Pumps
RHR SW Pumps
ESW Pumps
Diesel

Approx.3 hrs.-l)
24 hrs.

2)

2-Cont 1 Shutdown
Spray Cool
1 1 Shutdown

Cool
2 0

Closed Closed
0 0
0 0
1 1

All 4 Run
All 4 Run

1) Diesel-generator Hx

2) Control Structure Chiller

3) Em. Switchgear and Load
Center Cooler

4) RBCCW Hx
5) TBCCW Hx
6) RHR Room Cooler
7) RHR Motor Oil Cooler
8) RHR Pump Seal Cooler
9) C.S. Room Cooler

4 - Common

1 - Common

1
1
1-
1
1

Total

Total

44.09

38.22

3.7

0.400

7.300
.04

1.02
.150
.300
.20

51.33
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TABLE 9.2-4 (cont'd) Page 3

ESW COOLING DUTY FOIIOWING DBA FOR MINIMUM HEAT TRANSFER CASE (LOSS OF ALL AUXILIARYPOWER FOLLOWED BY A SINGLE UNIT LOCA)

Time

24 hrs.
30 days

Operating
~Safe eaada

1) RHR Pumps

2) RHR Hx's

3) CS Pumps

4) ADS Valve
5) RCIC Pumps
6) HPCI Pumps
7), RHR SW Pumps
8) ESW Pumps
9) Diesel

Closed Closed
0 0
0 0
1 1
3 Run
3 Run

4)
5)
6)
7)
8)
9)

LOCA S/D
Unit Unit

2-Cont 1 Shutdown 1)
Spray Cool
1-Cont 1 Shutdown 2)
Spray Cool
2 0 3)

Cooling Duties
On ESW

Diesel-generator Hx

Control Structure Chiller

Em. Switchgear and I.oad
Center Cooler
RBCCW Hx
TBCCW Hx
RHR Room Cooler
RHR Motor Oil Cooler
RHR Pump Seal Cooler
C.S. Room Cooler

Number In Use
LOCA Unit S D Unit

3 - Common

1 - Common

Total ESW

Cooling Duty
(X10 DTU Hr.)

28.665

3.7

0.400

7.300
.04

1.02
.15
.30
.20

Total 41.775

-It is assumed that after four hours the shutdown unit RBCCW and TBCCW Heat
Exchangers are manually brought into service to assist the shutdown operations.
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TABLE 9.2-5

ESW COOLING DUTY FOLLOWING DBA FOR MAXIMUM WATER LOSS CASE (LOSS OF ALL AUXILIARYPOWER FOLLOWED BY A SINGLE UNIT LOCA

Time
Operating
~Safe uaeds

LOCA S/D
Unit Unit

Cooling Duties
On ESW

Number In Use
LOCA Unit S/D Unit

Total ESW

Cooling Duty
(X10 BTU Hr.)

0-10 Mins. 1) RHR Pumps
2) RHR Hx's

3) CS Pumps
4) ADS Valves
5) RCIC Pumps
6) HPCI Pumps
7) RHR SW Pumps
8) ESW Pumps
9) Diesels

4-LPCI 0
0 0

4 0
Closed Open

0 1
0 1
0 0

All 4 Run
All 4 Run

1) Diesel-generator Hx
2) Control Structure Cooler

Chiller
3) Em. Switchgear and Load Center
4) RBCCW Hx
5) TBCCW Hx
6) RHR Room Cooler
7) RHR Motor Oil Cooler
8) RHR Pump Seal Cooler
9) C.S. Room Cooler

10) HPCI Room Cooler
ll) RCIC Room Cooler

4 - Common
1 - Common

Total

38.22
3.7

0.400
0
0

1.02
.200
.400
.4
. 140
.1

44.58

10-30 Mins. 1) RHR Pumps

2) RHR Hx's
3) CS Pumps

4) ADS Valves
5) RCIC Pumps
6) HPCI Pumps
7) RHR SW Pumps
8) ESW Pumps
9) Diesels

4"Cont 2 Pool
Spray Cool
2 2
4 0

Closed Open
0 1
0 0
2 2

All 4 Run
All 4 Run .

1) Diesel-generator Hx

2) Control Structure Cooler
3) Em. Switchgear and Load

Center Cooler
4) RBCCW Hx
5) TBCCW Hx
6) RHR Room Coole"
7) RHR Motor Oil Cooler
8) RHR Pump Seal Cooler
9) C.S. Room Cooler

10) RCIC Room Cooler

4 - Common

1 — Common

Total

38.22

3.7

0.400
0
0

2.04
.3
.6
.4
.100

45.76
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TABLE 9.2-5 (contfd) Page 2

ESW COOLING DUTY FOLLOWING DBA FOR MAXIMUMWATER LOSS CASE IOSS OF ALL AUXILIARYPOWER FOLIOWED BY A SINGLE UNIT LOCA)

Time
Operating
S~afe uaeds

LOCA S/D
Unit Unit

Cooling Duties
On ESW

Number In Use
LOCA Unit S/D Unit

Total ESW

Cooling Duty"')

30 Mins.-
6 hrs.

1) RHR Pumps

2) RHR Hx's
3) CS Pumps
4) ADS Valves
5) RCIC Pumps
6) HPCI Pumps
7) RHR SW Pumps
8) ESW Pumps
9) Diesels

4-Cont 2 Pool
Spray Cool
2 2
2 0

Closed Open
0 1
0 0
2 2

All 4 Run
All 4 Run

1) Diesel-generator Hx

2) Control Structure Chiller
3) Em. Switchgear and Load Cooler
4) RBCCW Hx
5) TBCCW Hx
6) RHR Room Cooler
7) RHR Motor Oil Cooler
8) RHR Pump Seal Cooler
9) C.ST Room Cooler

10) RCIC Room Cooler

4 - Common

1 - Common
1 1

38.22

F 7
.400

0
0

2.04
.3
.6
.2
.100

6 hrs.-
24 hrs.

I) RHR Pumps

2) RHR Hx's

3) CS Pumps

4) ADS Valve
5) RCIC Pumps
6) HPCI Pumps
7) RHR SW Pumps
8) ESW Pumps
9) Diesel

Closed Closed
0 0
0 0
2 2

All 4 Run
All 4 Run

4)
5)
6)
7)
8)
9)

4-Cont 2 1)
Spray
2 1 Shutdown 2)

Cool
1

2 0 Pool Cool 3)

Diesel-generator Hx

Control Structure Chiller

Em. Switchgear and Load
Center Cooler
RBCCW Hx
TBCCW Hx
RHR Room Cooler
RHR Motor Oil Cooler
RHR Pump Seal Cooler
C.S. Room Cooler

4 - Common

1 - Common

Total

Total

45.56

38.22

3.7

0.400

7.300
.04

2.04
.3
.6
.2

52.8
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TABLE 9.2-5 {cont'd) Page 3

ESM COOLING CUTY FOLLOMING DBA FOR HAXIMUN 'MATER LOSS CASE (LOSS OF ALL AUXILIARYPOWER FOLLOWED BY A SINGLE UNIT TOGA)

Time

24 hrs.-
30 days

Operating
~Safe aazda

4)
5)
6)
7)
8)
9)

ADS Valve
RCIC Pumps
HPCI Pumps
RHR SM Pumps
ESM Pumps
Diesel

1) RHR Pumps

2) RHR Hx's

3) CS Pumps

LOCA S/D
Unit Unit

2-Cont 1 Shutdown
Spray Cool
1-Cont 1 Shutdown
Spray Cool
2 0

Closed Closed
0 0
0 0
1 1
3 Run
3 Run

Cooling Duties
On ESW

1) Diesel-generator Hx

2) Control Structure Chiller

3) Em. Switchgear and Load
Center Cooler

4) RBCCW Hx
5) TBCCW Hx
6) RHR Room Cooler
7) RHR Hotor Oil Cooler
8) RHR Pump Seal Cooler
9) C.S. Room Cooler

Number In Use
LOCA Unit S/D Unit

3 - Common

1 - Common

Total ESW

Cooling Duty
(X10 DTU/Hr.)

28.665

3.7

0.400

7.300
.04

1.02
.15
.30
.20

Total

"It is assumed that after four hours the shutdown unit RBCCM and TBCCW Heat
Exchangers are manually brought into service to assist the shutdown operations.

41.175
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TABLE 9.2-20

EMERGENCY SERVICE WATER SYSTEM HEAT LOADS BOTH UNITS

(X106 Btu/hr)

I. Minimum Heat Transfer Case (One Spray Division for 30 days,
second Division on bypass for 30 min.)

Time ~Loo A ~Loo B Diesels 0 cretin

0-10 min.
10-30 min.
30 min.-4 hrs.
4 hrs.-l day
1 day-30 days

43.43
43.43
44.09
51.33
41.78

1.15
1.67
1.47
1.47

0

II. Maximum Water Loss Case

Time ~Loo A ~Loo B Diesels 0 eoeeio

0-10 min.
10-30 min.
30 min.-4 hrs.
4 hrs.-l day
1 day-30 days

43.43
43.43
44.09
51.33
41.78

1.15
1.67 4
1.47 4
1.47

0 3
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TABLE 9.2-21

RHR AND RHR SERVICE WATER SYSTEM FLOW RATES
MINIMUMHEAT TRANSFER CASE

Time

10-30 min.

30-240 min.

4 hrs-30 days

Parameter

Core Spray (2 loops)
Safety Relief valves & RCICS
RHRHX (shell side) Flow, Loop A
RHRHX (shell side) Flow, Loop B

RHRHX (tube side) Flow, Loop A
RHRHX (tube side) Flow, Loop B

Core Spray (1 loop)
RHRHX (tube side) Flow, Loop A
RHRHX (tube side) Flow, Loop B
RHRHX (shell side) Flow, Loop A
RHRHX (shell side) Flow, Loop B

Core Spray (1 loop)
RHRHX (tube side) Flow, Loop A
RHRHX (tube side) Flow, Loop B

RHRHX (shell side) Flow, Loop A
RHRHX (shell side) Flow, Loop B

LOCA

12,700
0

11,260
0

9,000
0

6,350
11,260

0
9,000

0

6,350
11,260

0
9,000

0

S/D

0
(1)

10,000
0

9,000
0

0
9,000

0
10,000

0

0
9,000

0
101000

0

NOTE (1) Flow Rate Determined by cooldown
rate.

(2) LOCA Unit RHR Flow Rates denote
containment spray mode of operation.

(3) S.D. Unit RHR Flow Rates denote suppression
pool cooling mode of operation for approximately
the first three hours of the transient followed
by shutdown cooling mode of operation for the
remainder of the thirty-day period.
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TABLE 9.2-2la

RHR AND RHR SERVICE WATER SYSTEM FLOW RATES
MAXIMUMWATER LOSS CASE

Time

10-30 min.

30-360 min.

6-24 hrs.

Parameter

Core Spray (2 loops)
Safety Relief valves & RCICS
RHRHX (shell side) Flow, Loop A
RHRHX (shell side) Flow, Loop B

RHRHX (tube side) Flow, Loop A
RHRHX (tube side) Flow, Loop B

Core Spray (1 loop)
RHRHX (tube side) Flow, Loop A
RHRHX (tube side) Flow, Loop B

RHRHX (shell side) Flow, Loop A
RHRHX (shell side) Flow, Loop B

Core Spray (1 loop)
RHRHX (tube side) Flow, Loop A
RHRHX (tube side) Flow, Loop B

RHRHX (shell side) Flow, Loop A
RHRHX (shell side) Flow, Loop B

LOCA

12,700
NA

11,260
11,260
9,000
9,000

6,350
9, 000
9,000

11>260
11,260

6,350
9,000
9,000

11,260
11,260

S/D

0

(1)
10,000
10,000

9,000
9,000

0
9,000
9,000

10,000
10,000

0
9,000
9, 000

10,000
10,000

1-30 days Core Spray (1 loop)
RHRHX (tube side) Flow, Loop A
RHRHX (tube side) Flow, Loop B

RHRHX (sheel tube) Flow, Loop A
RHRHX (sheel side) Flow, Loop B

)

NOTE (1) Flow Rate Determined by cooldown
rate.

6,350
9,000

0
11, 260

0

0
9,000
9,000

10,000
10,000

(2) LOCA Unit RHR Flow Rates denote
containment spray modes of operation.

(3) S.D. Unit RHR Flow Rates denote two divisions
of suppression pool cooling operation for
approximately the first three hours of the
transient followed by one division of shutdown
cooling operation and one division of pool
cooling operation for the remainder of the thirty days.
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TABLE 9.2-22

EMERGENCY SERVICE WATER SYSTEM FLOW RATES

( MHT AND MWL CASES

Time ~Loo A ~Loo $

0-4 hrs.
'4 hrs.-l day
1-30 days

6, 510
8,155
75065

962
962
481
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TABLE 9.2-25

1NPUT PARANETERS FOR DRIFT LOSS

From SRr~a ~n<nr. Co.

Dr~o Size Spectrum

"OroRlet Size SRectram Tests ReRort™

Dia.

200
260
300
330
365
400
425
460
520
580
640'55

1000
1190
1340
1650
2000
2290
2800
3600
4000

Volume Fraction~'X

0. 05
0 05
0. 10
0. 10
0. 10
0. 10
0 20
0. 30
0 40
0. 60
2. 00
3.00
3.00
5. 00
5. 00
10. 00
10. 00
10 00
20. 00
15 00
15 00

Nozzle Distance from Perimeter of Spray Pond in 'Feet

60
67
75. 75
82. 75
91-50
98. 50
107 25
114.25
123. 00
130 00
138.75
145 75
154 50
161 50
170. 25
177. 25
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TABLE 9.2-27

SIZE COMPARISON OF SPRAY POINDS INVESTIGATED

Water Flov Rate,
gpm

Nozzles

Water Pressure at
Nozzle, psig

Pond Length, feet
Width, feet

Depth, feet

Volume (approx.)

x 106 gallons

Area Acres

~Caaad s

180,000

1,800
8 100 gpm

10

32.4

10

SSES

55,968
(max)

1,056
6 53 gpm

1,250
425to225

10.5

25.0

Rancho
Seco

16,500

304
8 53 gpm

330
165

5.7

1.3
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TABLE 9.2-29

PERFORMANCE COMPARISON OF RANCHO SECO TEST RESULTS AND MODEL RESULTS

Date Time TWB,'F TDB, F W.S.,MPH

Rancho Model
Seco % Prediction

T,'F Efficiency Efficiency

5/19/73 1424
5/19/73 1615
5/20/73 0400

5/20/73 0630
5/20/73 1000

5/20/73 1148

5/18/73 1500
5/18/73 1700

61.0
61.5
51. 0

48.5
56.6

(56.5) *
57.5

72.4
69.7

81.5
81.0
55.0

52.0
65.0

71.0

95.0
93.0

5/18/73 1900 66.6 85.7

5/18/73 2200 60.9 72.3

7/19/73 2300 60.2 69.3

5/20/73 2300
5/20/73 2330

54. 2
53. 0

58.0
57.0

5/20/73 2400 52.0 56.0

5/20/73 0330 49.0 53.0

5/20/73 0415 48.0 51.0

13.0
12.5
4.9

(5,3)*
2.8
6.2

( 6.0)*
6.2

(6 ~ 5) *
7.0
6.5

(6 ')*
8.5

(8 ~ 4) *
3.4

(3.8)*
2.6

(3. 8) *
1.0
1.2

(1.6)*
1.2

(1,3)*
1.4

(1.0)*
0.80

(0.59)*

79.8
80.0
77.4

77.4
77.6

41.4
47.1
33.9

28.8
30. 8

78.6 34.7

80. 1
(80. 3) *
79.7

33.6

28.5

101.4
98.5

(100.0)*
97.8

(97.9)*
101.7

37.4
36.5

38.3

36.7

97.4 36.1

80.0 38.3
81.1 36.6

(81.2)*
80.7

41.35
42.62
27.12

22. 95
29. 65

31.52

37.46
36.55

38.90

25.56'5.66

30.89
34.13

31.49

29.75

26.04
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TABLE 9.2-30

HEAT RATE BTU'S/HR X 10+

&TIME

11.000
15.000
20. 000
30.000
40.000
50.000
60.000
90.000
120.00
150.00
180.00
240.00
300.00
360.00
480.00
600.00
720.00
900.00
1200.0
1440.0
1800.0
2160.0
2880.0
4320.0
5760.0
7200.0
8640.0
11520.
14400.
21600.
28800.
36000.
43200.

DECAY HT RATE

6.37800+08
5 .99844+08
5.20392+08
4.67892+08
4.27596+08
3.96276+08
3.71748+08
3.24204+08
2.97816+08
2.80896+08
2.68428+08
2.49456+08
2.34336+08
2.21592+08
2.01324+08
1.86204+08
1.74744+08
1.62240+08
1.48704+08
1.41372+08
1.33128+08
1.26564+08
1.15900+08
9.99288+07
8.86488+07
8.04516+07
7.43544+07

-6.59820+07
6.04692+07
5.18244+07
4.60548+07
4.15992+07
3.80028+07

AUXILIARYRATE

4.42908+07
4.42908+07
4.42908+07
4.42908+07
4.42908+07
4.42908+07
4.42908+07
4.42908+07
4.42908+07
4.42908+07
4.42908+07
4.42908+07
5.13300+07
5.13300+07
5.13300+07
5.13300+07
5.13300+07
5.13300+07
5.13300+07
5.13300+07
4.15500+07
4.15500+07
4.15500+07
4.15500+07
4.15500+07
4.15500+07
4.15500+07
4.15500+07
4.15500+07
4.15500+07
4.15500+07
4.15500+07
4.15500+07

SENSIBLERATE*

-5.51298+08
-5.06106+08
-4.19454+08
-3.62748+08
-3.12948+08
-2.71560+08
-2.38314+08
-1.69146+08
-1.25052+08
-9.30900+07

7.47840+07
2.17026+07
9.49320+06
8.72880+06
1.28790+07
1.56972+07
1.65240+07
1.54728+07
1.17804+07
9.39300+06
6.38520+06
4.36842+06
3.41928+06
3.15408+06
2.69976+06
2.03448+06
1.41624+06
9.75240+05
6.48660+05
3.90606+05
2.22810+05
1.56222+05
92070.

TOTAL RATE

1.31051+08
1.38306+08
1.45520+08
1.49729+08
1.59758+08
1.69348W8
1.78075+08
1.99748+08
2.17484+08
2.32564+08
3.88275+08
3.16081+08
2.95750+08
2.82213+08
2.66061+08
2.53736+08
2.43085+08
2.29498+08
2.12234+08
2.02504+08
1.81422+08
1.72825+08
1.61192+08
1.44919+08
1.33166+08
1.24288+08
1.17554+08
1.08727+08
1. 028 75+08
9. 39528+07
8.80038+07
8.34714+07
7.98042+07

* Negative numbers indicate
numbers indicate sensible

&Time in min.

sensible heat is being stored and positive
heat is being released.
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9 3 PROCESS AUXILIARIES

9 3 1 - COMPRESSED AIR SYSTEMS

9-.3.1 Q Instrument Air ~Sstem

9. 3. 1. 'I. 1 Des i~nBases

The instrument air system has no safety related function. The
instrument air system is desiqned to provide a continuous supply
of filtered, dry, and oil free air for all pneumatic instruments
and controls in the plant except those described in Subsections
9 3.1 0 and 9.3.1.5.

Each compressor unit is powered from a separate electrical bus.

Codes and standards applicable to the compressed air system are
listed in Table 3.2-1. The compressed air system is designed and
constructed in accordance with quality. qroup D specifications.

9. 3. 1. 1. 2 System De~sc igtion

Gene~a~lescrigtion

Units 1 and 2 instrument air systems are identical. The
followinq discussion is for the Unit 1 system. The system
includes two identical 100 percent capacity trains consisting of
an air intake filter silencer, a compressor unit, an aftercooler,
an air receiver, two parallel prefilters, a dryer unit, and two
parallel afterf ilters. The two trains are connected in parallel
by a common header that branches into the instrument air
subsystems. All of the above components and a common alarm and.
control panel for each unit are located in the turbine building.
The system is shown schematically in Fiqure 9.3-1.

The ma1or components and the desiqn data of the compressed air
system are presented in Table 9.3-1.

~S stem Operation

Durinq normal unit operation, one of the two instrument air
compressors will be selected as the lead compressor for.
continuous operation, automatical1y loaded or unloaded in
response to the instrument air system demand. The other
instrument air compressor will serve as a standby. The standby
compressor will start automatically if the lead compressor fails,
or if its continuous operation cannot meet the instrument air
system demand

9. 3-1
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The service air compressors. serve as backup to the instrument air
compressors. The interconnecting valves between the two sy-tems
must be opened manually. The Unit 2 instrument air system also
serves as backup to the entire Unit 1 system 'and vice versa. Tho
interconnecting valves must be operated manually.

The Unit 1 system supplies instrument air to common areas such as
the control structure, radwaste building, diesel generator
buildinq, circulating water pump house, and chlorination
bui ldinq.

9-3-1-1.3 Safety Evaluation

Host instruments required for the operation of engineered safety
features are operated electrically. Instrument air operated
components, which are essential for the safe shutdown of the
plant, are desiqned to assume the safe position upon loss of air
pressure.'heir energy source for safety operation is not the
nonsafety related instrument air. The list of such components is
shown in Table 9.3-2. The operation of the containment isolation
valves is described in Subsection 6.2.4. For a failure mode and
effect analysis, See Table 9.3-3.

The compressed air system is switched automatically to the
standby ac power supply during a loss of offsite power. Both
Unit 1 and 2 compressors are tripped off the standby ac powor
source upon receivinq a "LOCA signal" from either operating unit
coincident with loss of offsite power. One or more compressors
may be restarted manually when the "LOCA signal" is no longer
present.

9.3 1. 1.4 Tests and Inspections

The compressors, aftercoolers, receivers, prefilters, dryer
units, afterfilters, and the control panel are shop inspected and
tested Air compressors and associated components on standby are
checked and operated periodically. Air filters are perioaically
inspected for cleanliness, and the desiccant in the dryer units
is sampled every six months to verify its useful life. Xf the
sample is dark brown or black in color, the desiccant is
replaced.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

9. 3-2
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9. 3. 1 1. 5 Instrumentation~A~licat ion:

Instrumentation is provided for each instrument air compressor
train to monitor and automatically control each compressor's
operation.

Switches monitorinq the followinq parameters alarm arid trip their
respective compressor: oil low pressure, oil high temperatu:e,
discharqe air high temperature, cooling water high temperature,
coolinq ~ater low pressure, and intercooler separator liquid high
level. Instrumentation temperatiire is indicated locally on the
compressor discharge and the moisture separator. Local
instrument air pressure is indicated on the air receiver.
Malfunction of the operating compressor and pressure loss in the
main header wild. be annunciated in the control room. All of the
compressor controls, includinq start-stop and load-unload are
furnished in the local panel. Hand switches for starting or
stopping the units are provided in the control room panel.

The instrument air dryer packaqe has the following controls and
instrumentation. The prefilters and afterfilters each have
pressure differential indicators. Each of the dryer towers has a
pressure indicator, temperature indicator, and hiqh and low
temperature switches for heatinq element control and low

tern

pe rat ure ala rm.

9.3.1.~ Service ni~rs stem

9 3 1. 2. 1 Design Bases

The service air system has no safety-related functions. It is
designed to provide compressed air for service air outlets
located throughout the plant and as a backup system for
instrument air.
Codes and standards applicable to the service air system are
listed in Table 3.2-1. The compressed air system is designed and
constructed in accordance with quality group D specifications.

9.3. 1- 2,g System De~seri ticn

9. 3-3
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9.3. 1.2. 2. 1 General Description

The Unit 1 system includes two identical 100 percent capacity air
compressing trains, each consisting of an air intake
filter/silencer, a compressor unit, an aftercooler and an air
receiver The two trains are connected in parallel by a common
header that branches into the service air subsystems. All of the
above components with their common alarm and control panels are
in the turbine buildinq. The system is shown schematically on
Figure 9.3-2.

The Unit 2 system includes only a single compressing train
identical to those of Unit 1. The system is schematically shown
on Figure 9.3-3. The Unit 2 system serves as backup to the Unit
1 system and vice versa. The interconnecting valves mu t be
operated ma nual 1y.

The major components and their desiqn data of the service air
system are presented in Table 9..3-4.

~Sstem~neration

During normal plant operation of Unit 1, one of the two
compressors will be selected as the lead compressor and will
operate, automatically, being loaded or unloaded in response to
the service air system pressure. The other service air
compressor will serve as a standby. The standby compressor will
start automatically if the lead compressor fails, or if its
continuous operation cannot meet the service air system demand.

The Unit 2 compressor normally runs automatically and is loaded
or unloaded in response to service air system demand. Mhen itfails, Unit 1 standby compressor will be manually started to
supply Unit 2 service air demand after manually opening the valve
interconnecting the two systems.

9 3.1.2.3 Safest Evaluation

As the service air system has no safety design basis, no safety
evaluation is provided.

9.3 1 2 4 Tests and Inspections

The compressors, aftercoolers, receivers, and the control panels
are shop inspected and tested prior to installation. Air
compressors and associated components on standby are checked and
operated periodically. Air filters are periodically inspected
for cleanliness.

9. 3-4
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The system will be preoperationally tested in" accordance with the
requirements of Chapter 14.

9.3.1.2.5 Instrumentation A lication

C C

Instrumentation is provided for .each service air compressor train
to monitor and automatically control each compressor's operation.

Switches monitoring the following parameters alarm and trip their
respective compressor: lubricator failure, oil low pressure, oil
high temperature, discharge air high temperature, cooling water
high temperature, cooling water low pressure, and intercooler
separator liquid high level. Local temperature indicators

are'rovidedin the compressor discharge. Local pressure indication
is located on the service air receiver. Low pressure of the
service air header is indicated and annunciated in the control
room. All of the compressor controls, including start-stop and
load-unload, are furnished in the local panel.

Hand switches for starting or stopping the. units are provided in
the control room panel. There is also a common trouble alarm in
the control room panel.

1

9.3.1.3 Radwaste Buildin Low Pressure Air S stem

9.3.1.3.1 Desi n Bases

The radwaste building low pressure air system has no safety-
related function.

The radwaste building low pressure air system is designed to
provide filtered oil free low pressure compressed air for the
liquid radwaste filters and the liquid radwaste demineralizer, as
these processes require. This system serves also as a backup
source of air for the cement silo should its integral blowerfail.
Codes and standards applicable to the low pressure air system are
listed in Table 3.2-1. The low pressure air system is designed
and constructed in accordance with quality group D requirements.

'

Rev. 27, l0/Sl 9.3- 5
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9.3.1.3.2 S stem Descri tion

General Descri tion

The system includes two intake filter silencers, one compressor,
one aftercooler with moisture separator, and one air receiver.
The system is shown schematically on Figure 9.3-4.

The ma)or components and their design data are presented in Table
9. 3-5.

S stem 0 eration

The system operates intermittently based on air demand from the
liquid radwaste processing system equipment. The demand on the
system will be as follows:

a) Radwaste filters cake drying: 30 min to 1 hr duration—
four times a week, quantity 700 scfm

b) Demineralizer — 20 min duration, once a year, demand
325 scfm

c) Cement silo — 35 scfm. This demand will occur only if
the cement silo blower fails.

Generally, not more than one of the above four demands will occur
at one time.

The compressor has an auto dual capacity control system. During
periods when air is being used, the compressor runs and is loaded
or unloaded automatically in response to the system pressure.
When the demand for air ceases, the compressor stops
automatically after a set time interval, restarts, and loads and
unloads again if the demand resumes. The compressor can be
started manually from the radwaste building control room, or from
the local panel mounted on the compressor skid.

The system is common to both Units 1 and 2.

There is no standby provision because of the intermittent
operation of the system.

Any abnormal operating condition of the low pressure air system
will be annunciated in the radwaste control room on panel OC-301.
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9.3. 1. 3. 3 Saf ety Evaluation

The low pressure compressed air system has no safety related
function and no safety evaluation is provided.

9.3.1.3.4 Tests and In~s ections

The compressor, aftqrcooler, receiver, and the control panel are
shop inspected and tested prior to installation.
The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

9.3. 1.3e5 Instrumentation~A plications

Instrumentation is provided for the low pressure air compressor
train to monitor and automatically control the compressor's
operation.

Switches monitoring the following parameters alarm and trip the
compressor: oil low pressure, oil high temperature, discharge
air high temperature, cooling water high temperature, and cooling
water low pressure. Local temperature indication is on the
compressor discharge and the moisture separator. 'Local pressure
indication is on the low pressure air receiver. All of the
compressor controls, ie, start-stop and load-'unload, are
furnished in the compressor package.

9.3.1.S 1 Desiqn Bases

The river intake structure compressed air system has no safety-
related function. The river intake structure compressed air
system provides a continuous supply of dry, filtered, oil free
air for pneumatic instruments and controls and for limited
service air use inside the river intake structure building.
Codes and standards applicable to the compressed air system are
shown in Table 3.2-1. The compressed air system is designed and
constructed in accordance with quality group D specifications.

9. 3-7
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9.3. 1. 4. 2 System Descr~iti on

General Description

The river intake structure compressed air system is common to
both Units 1 and 2. The system includes two identical duplex air
compressor packages and a on dryer unit. Each duplex unit
contains two identical compressors with motors and aftercoolers;
a common air receiver, instrumentation, controls, interconnecting
piping, and electrical wiring. The duplex air compressor
packages are connected in parallel by a common header from which
service air can be drawn for limited maintenance use. The dryerunit is also fed from this common header. The individual
instrument air branch connections are tapped from the dryeroutlet header. All of the above components are located in the
river intake structure. The system is shown schematically on
Pigure 9.3-4.

The major components and their design data are presented in Table
9 3-6.

~S stem ~O eration

During normal plant operation, one of the two duplex units will
be selected as the lead unit for continuous operation. The two
compressors within the duplex will alternate,

with each compressor automatically stored or stopped in
response to the instrument air system pressure. The other duplex
unit will serve as a standby. The standby unit will start
automatically if the lead unit fails, or if its continuous
operation cannot meet the air system demand.

9.3. 1. 4.3 Safet Evaluation

The river intake structure compressed air system has no safety
function.
Por plant availability purposes, there is a redundancy on the
compressor train. Pailure of this system will not endanger the
operation of any safety related instruments and controls.

9.3. 1.4.4 Tests and In~s ections

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.
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9.3.1.Q.5 Instrumentatio~nA plication

Instrumentation is provided for each compressor of the duplex
unit to monitor and automatically control its operation. A low
cylinder oil level s~itch trips the compressor on low oil level.
Local pressure indication is provided on each air receiver. All
of the compressor controls, ie, start-stop, load-unload, are
furnished in each compressor package.

The river intake structure air dryer packages have local
temperature and pressure indicators and controls for automatic
operation.' failure-to-cycle alarm is provided in the dryer
unit panel.

The air hea,der low pressure switch alarms locally and starts the
standby duplex compressor set. A los-low pressure switch
annunciates locally if the standby set cannot maintain system
pressure. - Any trouble alarm in the local panel is transmitted to
the control room as a common alarm.

II

9 3 1.5 Containment Instrument Gas System

9.3.1 5.1 Design Basis

Unit 1 and Unit 2 containment instrument gas systems are
identical. The Unit 1 system is described in this Subsection.

The containment instrument gas system is designed to providefiltered, dry, oil-free instrument gas to the pneumatic devices
located inside the dryvell and suppression chamber.

Portions of the containment instrument gas system are safety
related as shorn in Figure 9.3-5.

I

The safety related 'portions included are containment
penetrations, the emergency backup nitrogen - storage system and
the gas distribution piping to the six main steam relief valves
that are part of the Automatic Depressurizakion System (ADS).

~
The system provides instrument gas at 150 psig for the safety
related main steam relief valves with ADS function and at 90 psig
for all other pneumatic devices inside, the containment. The
safety related backup nitrogen storage system is maintained at
2200 psig.

The safety related nitrogen storage system contains adeguate gas
in storage for 30 days after a postulated DBA.
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The normal supply of compressed gas is not safety related;
however, it has 100 percent redundancy on its major components.

Each compressor unit is powered from a separate electrical bus.

Cod,es and standards applicable to the instrument gas systems are
listed in Table 3.2-1. All of the instrument gas systems except
the safety related portions are designed and constructed in
accordance with quality group D specifications. The safety
related portions are designed and constructed to quality group c
specifications except the storage bottles, and connection
fittinqs. These storage bottles conform to Department of
Transportation (DOT) Standards, Title 49, Section 178.37,
Specification 3AA and ICC Specifications. The connection
fittings are standard stainless steel tubing connection
assemblies.

Although these, bottles provide the gas supply for the safety
t

related function, such bottles complete with shut off valves and
connection fittings are not readily available as Q listed and N

stamped. However, the manufacturing and testing of these tanks
conform to DOT and ICC standards, which are in excess of those
required by ASME Section III, Class 3.

9.3.1. 5.2 System Description

Genera/ Qescgigtxon

Containment instrument gas is a recylinq system that, for normal
operation, takes suction from the drywell atmosphere.

For normal operation the system includes one intake screenfilter, one inlet moisture 'separator, two inlet gas filters, twofull capacity gas compressors,'wo gas aftercoolers with moisture
separators, two gas receivers, two gas dryer systems, two outlet
qas filters, two pressure reducing stations, one instrument gas
accumulator,'ssociated piping, valves, controls and instruments.

For emerqency operation, the system includes two loops of high
pressure bottled nitrogen. Each loop consists of nitrogen
storage bottles, pigtails, station valves, manifold, shut off

~ valve, two stage regulator, and other instruments and controls as
shown on Figure 9.3-5.

The system is shown schematically on Figure 9.3-5. Table 9.3-7
is a list of pneumatically operated devices in the Containment
Instrument Gas System. Some of these valves are required for
safe shutdown, and they assume the safe position in the event of
a loss of instrument g1s pressure. Some of these valves have
individual safety related accumulators with redundant normal
compressed qas supply. Valves designated for ADS function have
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safety related individual accumulators with redundant normal
compressed gas supply and emergency backup supply.

The major components of the instrument gas system and their
design data are presented in Table 9 3-8.

System ~O eration

During normal unit operation, the compressor controls are
designed to permit automatic start and stop operation of one or
two compressors in response to system demand. One comp essor
normally provides the instrument gas needs. The second
compressor serves as a standby for abnormal instrument gas
demands.

When the normal gas pressure in the piping headers leading to the
ADS function relief valves falls below 150 psig because of the
failure of both of the compressors or because of containment
isolation, the high pressure (2200 psig) nitrogen storage bottles
automatically provide instrument gas at 150 psig to the ADS
function main steam relief valves. Instrument gas pressure from
the storage bottles is reduced to 150 psig for transmission to
the ADS function relief valve accumulators.

9 3. 1. 5 3 Sa fet~ Evaluation

Failure of the nonsafety related portions of the compressed gas
system does not impair the operation of Engineered Safety Feature
(ESF) Systems or the integrity of containment isolation during
the accidents described in Chapter 15. For a failure mode and
effect analysis, see Table 9.3-9.

Pneumatically operated devices, which are essential for the, safe
shutdown of the plant, are designed to operate in the safe
position upon loss of gas pressure or they are provided with
individual accumulators and/or a backup source. of safety related
high pressure nitrogen gas.

The compressed gas system's nonsafety related compressors are
switched automatically to standby electrical power. These
compressors are tripped of the standby ac power source upon
receiving a LOCA signal from either operating unit coincident
with loss of offsite power. The compressors may be started
manually when the LOCA signal is no longer present.
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The system is housed within the reactor building. Mind and
tornado protection is discussed in Section 3.3. Flood design is
discussed in Section 3.4. Missile protection is discussed in
Section 3.5 Protection against dynamic effects associated with
the postulated rupture of piping is discussed in Section 3.6.
Environmental design considerations are discussed in Section
3 11.

The compressed gas penetrations of the containments are designed,fabricated, and installed in accordance with the requirements of
ASIDE Section III, Class 2 and Seismic Category I to prevent
release of radioactive materials in the event of an accident.
These penetrations will function as part of the Containment
Isolation System, discussed in Subsection 6. 2. 4.

Because of the provisions of redundant system components and
separate sources of electric power for the normal compressed gas
system, the failure of a component or an electric power supplywill not interrupt the operation of the Containment Instrument
Gas System.

9.3 1.5.4 Tests and In~s ections

The compressors, aftercoolers, receivers, prefilters, desiccant
chambers, afterfilters, and the control panel are shop inspected
or tested prior to installation.
During normal plant, operation, gas compressors and associated
components on standby are checked and operated periodically. Gasfilters are inspected for cleanliness, and the desiccant is
inspected for its useful life.
The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

9.3.1.5.5 Instrumentation Applications

Instrumentation is provided for each compressor train to monitor
and automatically control each compressor's operation.

A compressor suction line pressure switch shuts down the
compressors if the suction line pressure drops, as 'following a
containment isolation. A suction line temperature switch shuts
down the compressors if high temperature gas, such as steam from
a ruptured pipe inside the containment, is drawn into the suction
1 ine.

In the compressor packages, compressor lube oil pressure, gas
discharge temperature, and cooling water temperatures and,
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pressure are monitored and will alarm locally and shut down their
respective compressor if abnormal conditions are measured. A

control room alarm, actuated by low-low pressure, monitors the
instrument qas receiver of each compressor. Pressure s~itches on
the header start their respective compressor if the compressor is
in standby mode.

A pressure transmitter on the header transmits to a pressure
indicator in the main control room. Two local pressure gages
indicate the pressure in the manifold of each safety related
instrument qas supply bottle header. A pressure switch on each
header annunciates safety related header low pressure in the main
control room.

Reduced pressure instrument gas is provided via a pressure
reducinq valve Local and control room indication of this
pressure is provided, as well as local pressure indication on the
instrument qas accumulator.

9.3 2 PROCESS SNNPLYNG SYSYEN

The process sampling system is provided to monitor the operation
of plant equipment and to provide information needed to make
operational decisions.

The process sampling system provides remote sampling facilities
and the capability for samplinq fluids of various process systems
during normal plant power operation and shutdown conditions.

The monitoring of qaseous and liquid process streams for nuclear
radiation is covered separately in Section 11. 5

9. 3.2 1 Des~in Bases

The portion of the process samplinq system running from the
reactor coolant system to the first isolation valve outside'he
containment is constructed in accordance with ASNE Boiler and
Pressure Vessel Code, Section III, Class 1. Other sample piping,
from the point where it connects to the process system and
includinq the first process shutoff valve (root valve), will be
the same classification as the system piping to which it
connects. For ASNE ZIZ, Class l, 2, and 3 systems the sampling
pipinq downstream 'from the root valve will be ASt!E III, Class 3

up to and includinq the isolation valve above the sample station.

All ASIDE Section III Class l 2 and 3 sample pipinq and valves
are designed to Seismic Category I requirements

9.3-13
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Lines connected to reactor water or main steam systems are of
sufficient lenqth to permit decay of short lived nuclides so that
samplinq personnel will not be unnecessarily exposed to
radiation. Additionally, shielding i installed at points on
samplinq piping to further curtail exposures (as described in
Chapter 12) and ensure that they be kept below the limits of
10C FR 20.

The process samplinq system is designed to. ensure that
representative samples of all appropriate process fluids will be
ob tai ned.

Process samplinq system piping is large enough to avoid being
cloqqed by anticipated solids. Piping size is minimized to
permit effective line purqinq with a minimum loss of fluid
volume

The process sampling system is designed so that the sample
stations will not affect plant safety.

The process sampling system is designed to provide the capability
to conduct continuous analysis as well as analysis of discrete
samples (qrab samples) .

The process samplinq system is designed to prevent hazards to
operatinq personnel from high pressure, temperature, or radiation
levels of the process fluid durinq all modes of operation.

The process samplinq systems for each unit is designed to be
functionally similar but operationally independent.

9. 3,2,g System Description

The process samplinq system is illustrated schematically by
Figures 9.3-6 thru 9.3-9. Locations of sample points are shown
on the appropriate system piping and instrumentation diagrams for
the systems to be sampled. The process samplinq system consists
of sampling lines, heat exchanqers, sample vessels, sample sinks,
and analysis equipment and instrumentation.

Sampling stations are located in the reactor, turbine, and
radwaste buildings. The liquid radwaste collection sample
station and the auxiliary boiler sample station are common for
Units 1 and 2. The reactor and turbine buildinq sample stations
are operationally independent systems with the followinq
exception: the spare fuel pocl filter demineralizer effluent
sample and the common offqas recombiner closed loop coolinq water
sample are located in Unit 1 stations.
Local grab samples rather than permanently installed sample lines
to a control sampling station are provided for process points
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that require weekly sampling and are in zones where radioactivity
is less than 15 mrem/hr (radiation Zones .I, II, or III):.,-';

Samples of reactor feedwater, reactor recirculation water, main
steam, and fuel pool water are routed to 'the reactor building
sampling station. Samples of condensate and samples from
secondary cooling water loops are brought to the turbine building
sample station of each unit.

The reactor and turbine building stations are equipped
with'utomaticmonitors that continuously determine the critical

parameters in the samples drawn from process lines.

Grab samples can also be taken periodically, in the laboratory or
by portable instruments, from each point at each station to
determine chlorides and other components. Portable instruments
are also used for periodic calibration of the automatic monitors.

When working with grab samples, the operator is protected by a,
fume hood that is exhausted through the ventilation ductwork.

Sample flow rates to the monitors can be read and ad)usted with a
valve to provide the following'onditions:

a) Ensure turbulence in the sample line to prevent plate-
out of radioactive materials

b) Minimize lag time to monitors

c) Slow the sample flow'ate, as required for the decay of
radioactive nitrogen prior to entering the stations

d) Minimize the waste of high purity water as well as
input to the radwaste system.

g
"

h ~ ~
>"

Representative samples are drawn from process lines by sample
nozzles extending into or from the pipe. Where practicable, a
sample probe is located after a run of straight process pipe of
about 10 but no less than three pipe diameters. On horizontal
process pipes, the connection is made on the side rather than on
the bottom of the pipe. Sample lines are as short as possible,
avoiding traps, dead legs, and dips upstream of the sample
stations. The connecting tubing is sized for optimal flow rates
to the stations.

At each station, samples are automatically conditioned for
pressure and temperature to the needs of the monitoring
instruments and as required for the operators'afety. A ,

constant temperature bath ensures that all samples are measured
at the reference temperature of 25 'C. Condensate sample waste is
returned to the condenser hotwell. Fuel pool water sample waste
is returned to the fuel pool. All other sample wastes are
returned to the radwaste collection system.
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Primary sample coolers, pressure reducers, and secondary coolers
condition the samples to safe levels of pressure and tempe at«re.

Prior to takinq discrete samples, the sample line is pucqed (to
the sample sink) vith the fluid to be sampled so that a
cepresentative sample may be obtained. Sampling lirre - used t'oc
continuous samples do not require an additional purge»q prior to
takirrq a sample.

Tubinq loops in ithe sample stations (for decontamination) can be
purqed by connectinq the demineralized water hose to the qcarr
sample outlet while shuttinq off th<'. sample inlet valve.

All sample panels ace open in the oack with tubing and coi<rpo«ents
visible and accessible, so that leaks are easily detected. a rd
repaired.

9.3.2.3 Safetv Evaluation

The process ssamnlinq lines connected to ttro reactor coolant
system are designed in accordance with Seismic Category
requirements as specified in Section 3.2 thcouqh the fir!sr..
,isolation valve outside containment. Process sampling lirre
connected to other Seismic Category I components are Seismic
Category I from the component through the fir..z, normally =hut
valve.

Sample lines that penetrate the containmerrt ace p!.ovideR wi+.h
isolation valves in acco" dance witt< 10crR50, Appendix A-',„',G< trecal
Design Criteria 55.

The samplinq system is desiqned to limit th-;. discharge flow.-,
undec normal operation and during postulated malfunctiorr~ oc
failures, to p recL u<le any fiss ion- p cod uc t release lea ding to
exposures tha t exceed the site boundary limits stipulat.ed r.rr

10CFD20. Adequate .- afety feature ace provided to pr:otect
personnel snd prevent tn» spread of contamination from the
samplinq stat.iorr.

The sample station is composed of closed:-ystems; qcab sampL:.s
vill be taken under a chemical fume hoo:3 zo preclude cadiolo<ricxl
hazard. The hood will maintain a constant air v<.loci ty ot 150
ft/min through the hood working face to ensure that axrno rre
contamination wiLL not enter the coom undec oper.atirrq corrditiorr:"..
The fume hood < xhaust air will be exhausted to the buildinq.-.
equipment compartment exhaust system. The samplinq sirrks ar~
provided with demineralized water for washdo'n. The 'iflKs d: <in
to the .liquid cadwaste system.



SSES-FSAR

The process sampling system is not required to .function during an
accident, nor is it required to prevent or mitigate the
consequences of a n accident.

9.3.2.4 Testing and Inspection

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

Most components will be used regularly during power operation,
yielding cumulative data that will ensure the performance of the
sampling system. Also, grab samples,,will he used to periodically
test, calibrate, and check instrument response. Normal operating
procedures at the stations provide for:

a) Adjusting pressure, temperature, and sample flow
controls

b) Calibrating the monitors

c) Inspecting and cleaning conductivity, pH, and other
sensors

d) Inspecting tubing and valves for leakages

e) 'Inspecting and cleaning sample coolers

Inspecting chiller-.corn pressor stations (for the
secondary sample coolers) .

9 3 2.5 Instrumentation Applications

Xocal pressure, temperature, and flow indicators are used to
facilitate manual operation and to verify sample conditions
before samples are drawn.

The monitors used are solid state electronic instruments of
standard industrial design. The analytical variables are
recorded in the sample stations or in the main control room.

The main variables pertaining to the quality of the reactor
coolant are entered into the computer. All monitored variables
have alarm trips that signal when preset, limits have been
exceeded. Common trouble alarms are transmitted to. the main
control room.
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9 3~3M UZNMENT AND PIOOB DBAINAGE SYSTEM

The Equipment and Floor D rainage System (EFDS) is pro vided
throughout the plant to collect liquid wastes from their points
of origin and transfer them to the Liquid Waste management
System, the plant discharge water treatment facilities, or the
Storm Drainage System.

9.3 3 1 Design Bases

The ENDS is capable of handling the maximum expected influent.
The turbine, reactor, circulating" water pump, and diesel
generator buildings influent is based upon 5 min of Fire
Protection System operation. Por the drywell and radwaste
building the maximum expected leakage from equipment provides the
design hase.

The EFDS in the chlorine evaporator and sulfuric acid storage
building is designed to drain rainwater from the acid unloading
pad and from the open sides of the building.
The transformer gravel pits are sized to retain the oil contained
in the transformers, in addition to the water volume f rom 15 min
operation of the Deluge Pire Protection System.

The water treatment building acid unloading pad drainage system
is designed to catch all acid leakage from the delivery trucks.

To prevent back flow into the Engineered Safety Features (ESF)
equipment rooms, normally closed manual valves are provided in
each drain line from those rooms.

'eismicCategory I level switches, which are designed per IEEE
279 and 308 standards,'alarm in the control room on FSF room high
water level.
The EFDS is designed and arranged so that no inadvertent
introduction of radioactive or potentially radioactive fluid to.
the segregated Sanitary and Storm Drainage Systems will occur.

Sump and drain tank pumps are designed to discharge at a flow
rate adequate to keep'he sumps and drain tanks from overflowing
because of the expected influents o'utlined above. A backup pump
is provided for each sump and drain tank, except for'the
condenser area transfer sump and the pipe tunnel sump. Backup
pumps are started if .the water level rises above the first pump
start level.
The drywell equipment drain tank drains by gravity. The drain
tank's discharge valves automatically open when a predetermined
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high level in the tank is reached. The discharge valves close at
a predetermined low level.
Normally closed equipment and piping drains and vents discharging
occasionally into the ZFDS do not control the sizing of the
syste m.

The sump and drain tank live capacities (water volume between
pump start and stop levels). are based on not less than 5 min
pump-out time with one pump.

The inlet pipes to the sumps are a minimum of 1 ft submerged atall times to prevent back gassing.
Vent lines from sumps containing potentially radioactive ~astes
are connected to the building ventilation systems.

Static oil interceptors with oil sumps precede the lowconductivity sumps in the turbine and reactor buildings.
Drainage lines from areas that are required to maintain an air
pressure differential but drain to the same header are providedwith water seals. Sequenced makeup water 'is provided to the
water seals to maintain the air pressure differential. Where
they penetrate the containment, the drywell floor drain sump pumpand equipment drain tank discharge lines, including the
containment isolation valves, are safety related.

9.3.3. 1 1 Codes and Standards

The Equipment and Floor Drainage Systems are designed,fabricated, and installed in accordance with the requirements of
the applicable codes and standards shown in Section 3.2, Table
3- 2-1

9 3.3.2 System Descr~ition

9 3 3 2.1 General Des~cri tion

The combined Equipment and Floor Drainage Systems provided forcollection of various liquid wastes are shown on Figures 9. 3-10,9.3-11, and 9.3-12. The chemical waste sump of the water
treatment building is shown on Figure 9.2-8.

a) For potentially radioactive liquid wastes:

1) The Liquid Radwaste {LRR) Collection Systemcollects potentially radioactive liquid wastes at
atmospheric pressure from equipment and floor
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drainage of the drywells, containments, reactor
buildings, turbine building and radwaste building.

2) The Chemical Radwaste (CRW) Collection'ystem
collects corrosive, potentially radioactive liquid
wastes at atmospheric pressure from the wash-down
areas, sample stations, chemical equipment, and
floor drains in the turbine and radwaste
buildings. Nonradioactive, high conductivity
wastes from the auxiliary boiler blow-down lines
and the turbine building closed cooling water
chemical addition tanks, at atmospheric pressure,
are also collected by the CRW System.

The Detergent Hadwaste (DetRW) Collection System
collects potentially radioactive liquid wastes at
atmospheric pressure from the wash-down areas,
personnel decontamination stations, and laundry
facilities in the reactor buildings, control
building, and radwaste building.

The drainage sources and expected inputs from areas of potential
radioactivity are shown in Table 11.2-1.

b) For nonradioactive liquid wastes:

Oily Waste Drainage Systems collect liquid wastesf om the nonradioactive equipment areas in whichoil is expected to be present. These areas
include the circulating water pumphouse, diesel
generator building, transformer areas, lube and
diesel oil storage tank areas, oil circuit breaker
areas, and auxiliary buildings.

2) Acid Waste Drainage Systems collect liquid wastes
containing nonradioactive chemicals and corrosive
substances from equipment and floor drains, in the
chlorine evaporator and sulphuric acid storage
building and the water treatment building.

3) Sanitary Drainage Systems collect liquid wastes
from all plumbing fixtures of the plant outside
the restricted access areas.

4) Storm Drainage Systems collect water resulting
from precipitation on all building roofs and
areaways, paved and unpaved surface areas outside
the buildings.

The radioactive and nonradioactive EFDS consist of collection
piping, equipment drains, floor drains, vents, traps, cleanouts,
collection sumps, sump pumps, tanks, oil separators, and
instrumentation.
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The arrangement is such that the nonradioactive drain systems
serve only nonrestricted areas where no radioactivity potential
is present, exclusive of the water closet and urinal wastes in
the access control area that are collected by the Sanitary
Drainage System. „

The potentially radioactive wastes from personnel decontamination
facilities and floor drains in the access control area are
collected by the Detergent Radioactive Raste Collection System.

9.3.3 2 2 Co~m onent Description

Components of the Equipment and Ploor Drainage Systems are
described in the following paragraphs. Major components, such as
sumps and sump pumps are shown in Table 9.3-10.

Xn areas of potential radioactivity, the collection system piping
for liguid and detergent waste is made of carbon steel; the
Chemical Haste Collection System piping is made of stainless
steel. The piping has a slope that induces waste to flow in the
piping at a velocity of not less than 2 fps. Equipment drainage
piping terminates not less than 3 in. above the finished floor at
each location where the discharge from eguipment is collected.
Surface Drain Units {SDU) in the Oily Haste System are provided
with backwater valves to prevent spread of potential fires
All floor drains are installed with rims flush with the low point
elevation of the finished floor. Floor drains in areas of
potential radioactivity are welded directly to the collection
piping and provided with threaded T-handle plugs of the same
material. The T-handle plugs are used to seal off the floor
drains for pressure testing of the drainage systems. They may be
installed to prevent aspiration of radioactive particulates into
the normally dry systems.

Inlets to all drainage systems (except those in areas of
potential radioactivity, and those in rainwater and clean
drainage service) are provided with a vented P-trap water seal to
minimize entry of vermin, foul odors, and toxic, corrosive, or
inflammable vapors into the building. Air pressure vent lines to
the outside atmosphere are provided downstream of the P-traps to
prevent excessive backpressures that could cause blowout or
siphonage of the water seal. Normally, traps are not installed
on inlets in areas of potential radioactivity in order to reduce
the potential for accumulation of radioactivity in the traps, and
because of the difficulty of maintaining a water seal in the
trap.
Cleanouts are provided (when practicable) in all collection
system piping where the change of direction in horizontal runs is
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.90 degrees, at offsets where the aggregate change is 135 degrees
or greater, and at maximum intervals of 50 ft. Cleanouts for the
potentially radioactive collection systems are welded directly to
the piping.
Sources of the Laundry Hadwaste and Chemical Radwaste Systems,
which are too low in elevation to drain by gravity to the
designated collection tank in the radwaste building, drain to
local laundry and chemical drain tanks in the turbine building.
Prom these drain tanks, the wastes are pumped to the main laundry
and chemical waste tanks in the radwaste building.
All sumps are recessed in concrete located at the lowest
elevation of the area served. Except for the drywell sumps, pipetunnel drain sump, turbine building condenser area and chemical
sumps, which are provided with removable steel cover sections,all sumps have access manholes.

Equipment and piping drains are separated by an air gap from the
drainage piping to prevent pressurization of the drainage piping.
Mhere necessary for contamination control, splash guards are
provided over air gaps.

9 3.3.2 3 ~S stem Operation

The various wastes drain to the appropriate sumps or tanks bygravity. Except for the condenser area sump pump, each sump pumpstarts automatically when a predetermined high level in its sumpis reached; the sump pump stops at a predetermined low waterlevel.
at

Potentially radioactive wastes'.are pumped to waste collection
tanks in the radwaste buildin'jv
Leaks inside the drywell drain to the drywell floor drain sumps,
except for piped valve and pump seal leak-offs which are routed
to the drywell equipment drain tank for identification.
At the operator~s option the manual valves in these seal leak-off
lines can be closed to make use of the double seals on the
leakage monitored valves and pumps. Leakages through the second
seals, which are collected in the drywell floor drain sumps, are
not identified to their source.

Floor and equipment drains from the condenser area are routed to
the condenser area sump, which overflows to the turbine building
central area oil separator. The overflow pipe contains anisolation valve that automatically closes when any of the
following conditions occurs:
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Activation of any of the three wet pipe sprinkler
systems in the condenser area

b) High water level in the condenser area sump

c) Oil carry-over into the turbine building central area
sump»

In case of fire or a large leakage from the circulating water
piping, the condenser area transfer pump is started manually andthe waste is pumped to the condensate tank berm for storage
pending final disposition. Depending on the quality of the
wastewater, it is then discharged either to the storm sewer or tothe T.iquid Radwaste System.

The Oily Waste System collects liquid that enters surface drainunits (SDU) located in areas with no sources of potentiallyradioactive wastes, and where the possibility for oil spillageexists. The oily wastes are conveyed by gravity to oil
separators of either the API or baffle type.
The oily waste in the circulating water pumphouse flows through
an API type oil interceptor of 90 percent oil removal efficiency,
and the effluent is pumped to a baffle type oil separatorBaffle type oil separators provide an effluent with a total oilconcentration of less than 10 ppm, conforming to the requirementsof Pennsylvania's Department of Environmental Resources. Theclarified effluent discharges to the circulating water pumphouse sump. Water collected in the sump is discharged to thecirculating water pump suction line. Oil collected in the oil
separator is periodically pumped into a portable drum fordisposal.

Floor and equipment drains from the four diesel generator baysare collected in the diesel generator building sump after passingthrough a baffle type oil separator. The clarified effluent is
pumped to the storm sewer.

Equipment drains from the main turbine bearings and the turbine
lube oil centrifuges are piped directly to the turbine buildingouter area oil sumps. The turbine lube oil reservoir rooms are
recessed from the normal floor level in order to contain all thelube oil in case of a tank rupture. The floor drains. from theturbine lube oil reservoir rooms can be conveyed directly or
through the oil interceptor to the oil sump by opening one of the
two normally closed valves on two drainage branch lines.
The Acid Waste System collects liquid waste containing chemicals
and corrosive substances discharged by laboratory fixtures and
equipment. The Acid Waste System also serves the floor drains,
which are located in the water treatment building, and conveysthe liquid waste directly or by means of the chemical waste sump
pumps to a pair of neutralization basins. Floor drains from the
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acid storage and chlorine evaporator building containing acid
contamination are collected in a sump and automatically pumped to
the neutralization basins, or if it is determined that the sump
contains only rainwater, to the storm sewer.

The Sanitary Drainage System collects liquid wastes and some
.entrained solids discharged by all plumbing fixtures located in
areas with no sources of potentially radioactive wastes, oily
wastes, or acid wastes and conveys them to a sewage treatment
facility described in Subsection 9.2. 4.

The drain lines were designed to.accommodate fize protection
system design flow when actuated.

9 3 3 3 Safest Evaluation

With the exception of the drywell equipment drain and drywell
floor drain sump discharge pipe penetrations through the primary.
containment and the associated isolation valves, the failure of
the ZFDS cannot affect plant safety. The drywell floor drain
sumps and the associated leak detection instrumentation are
designed to Seismic Category X. Pump operability is not required

!

for the functioning of the differential level Drywell Floor Drain
Leak Detection System.

Each of the six pump rooms (ECCS and RCIC) is provided with a
separate dzain line to the reactor building sump inlet header. A
normally closed manual valve is provided in each drain line
outside the pump room to prevent backflow. Seismic Category I
level instrumentation provides for main control room alarms if
the water level in the pump rooms rises above a preset value.

9 3.3 4 Tests and In~sections

All waste collection piping was hydrostatically tested prior to
its embedment in concrete. Potentially radioactive drainage
piping was tested to 75 psig, in accordance with ANSI B31.1.0.

" Nonradioactive oily, acid, sanitary, and storm drainage piping
was tested to the equivalent of a 10 ft head of watez for at
least 15 min. The operability of Equipment and Floor Drainage
Systems can be checked by normal use and through the
instrumentation provided in the sumps and the'ain control room.
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9. 3. 3. 5 Instrumentation A2plica tion

High and low level switches are provided in each sump. For sumps
having two pumps, the level switch will actuate the second pump
at a higher l.evel. The first pump to stact is alternately on each
pumping cycle to equalize run times. Table 9. 3-10 shows the
usage factors resulting from this provision.

The drywell equipment d ain tank drains by gravity. The drain
tank's discharge valves automatically open when a predetermined
high .level in the bank is reached. The discharge valves close at
a predetermined low level.
Oil sumps are o.quipped with lo.vel switches a nd high level alarms
in the main control room.

To detect leaks, a level alarm will be provided in the. main
control room for each ESF equipment room.

The drywell floor drain sump and the drywell equipment drain tank
temperatures are indicate<l, and a high alarm is ann»ncia ted on a
local panel in the reactor building of each unit.

4q Q, I

The levels in the drywe31 fl.oor drain sumns and drywell equipment
drain tanks are recorded, and, a high level alarm is annunciated
in the main control room. Refer to S»bsect ion 5. 2. 5 and Section
7.6 for further details of the Leak Detection System.

9 3 4 CHFNICAL AND VOLHNF, CONTROL SYSTEN

Not applicable to BHR ~ s.
I

~
I 0 ~

9 3 5 STANDBY LIQHTD CONTROL SYSTF.,"l

9. 3. 5. 1 Design Bases

The standby liquid control system is a special safety sys em ann
is designed in accordance with Seismic Category I requirementIt shall meet the foll.owing safety design bases:

(a) Backup capability for reactivity control shall. be
provided independent of normal reactivity cont.ol
provisions in the nuclear reactor, to bo able to shut,
down the reactor i f the normal control ever b< comes

, inope cat ive.
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shutdown margin, to assure complete shutdown f rom the
most reactive condition at any time in core life.

(c) The time required for actuation and effectiveness of the
backup control shall be consistent with the nuclearreactivity rate of chanqe predicted betweeri rated
operatinq and cold shutdown coriditions. A fast scram of
the reactor or operational control of fast reactivity
transients is not specified to be accomplished by tni,.
system.

(d) Neans shall be provided by which the functional
performance capability of the backup control system
components can be verified periodically under conditions
approaching actual use requirements. Demineralized
water, rather than the actual neutron absorber solutioii,
can oe in jected into the reactor to test the operation
of all components of the redundant conti.ol .,ystem.

(ej'' The neutron absorber shall be di persed within the
reactor cori in sufficient quantity to provide a
reasonable margin for leakaqe for. imper feet mixxnq.

(f) The system shall be reliable to a degree consisteiit wit«its'role as a, special safety system; the pos'ibilzty ofunintentional or accidental . hutdown of the reacto; bythis system shall be minimized.

9.3 5.2 Svstem Descriotion

The standby liquid control system (see Figure 9.3-13) is ma'n»al).yinitiated throuqh a single„ i(eylock switch in the„maxn, control
rocm to'ump a horon neutron ab-orber solution irito the reactorif the operator determines the reactor cannot be shut dew« or
kept shut down with the control rods. The keylocked control room
switch is provided to assure positive action from 'the maincontrol room should the need arise. Procedural coiitrols are
applied to 'the operation of the keylocked control room switch.
The boron solution tank, the test water tanN., the two positive
displacement "oumps, the two explosive valves, the two

pumo suction valves, arid associate.l local valves andcontrols are locatod in the reactor buildiiiq. 'Che liquid is
piped int".o the reactor vessel and discharged iiear the bottom of
the core shroud so it mixes with the coolinq water risiiig through
the core (see Section 5.3) .

The specified neutron absorber solution i -odium pentaborat».
(Na2 B~o 0~6 10H~A) . ''t is prepared by dis-olviiig stoichzometric
quantities of borax and boric acid in demineralized wa tor. Ariair sparger is provided in tne tank for. mixinq. To prevent

3. 3-26
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system plugqinq, the tank outlet is raised above the bottom of
the tank

The SLC system is sized to deliver enough sodium pentaborate
solution into the reactor (see Figure 9.3-14) to assure reactor
shutdown.

The saturation temperature of the recommended solution is 59~F at
the low level alarm volume and approximately 49oP at the tank
overflow volume (see Figure 9.3-15) . The equipment containinq
the solution is installed in a room in which the air temperature
is to be maintained within the range of 70~ to 100~F. In
addition, a heater system maintains the solution temperature at
75~ to 850F to prevent precipitation of the sodium pentaborate
from the soluticn during storage. Hiqh or low temperature, or
high or low liquid level, causes an alarm in the control room.

Each positive displacement pump is sized to inject the solution
into the reactor in 50 to 125 minutes, independent of the amount
of soluticn in the tank. The pump and system design pressure
between the explosive valves and the pump discharge is '1400 psig.
The two relief valves are set slightly under 1400 psiq. To
prevent bypass flow from one pump in case of relief valve failure
in the line from the other pump, a check valve is installed
downstream of each relief valve line in the pump discharge pipe.

The two explosive-actuated injection valves provide assurance of
openinq when needed and ensure that boron will not leak into the
reactor even when the pumps are being tested.

Each explosive valve is closed by a plug in the inlet chamber.
The plug is circumscribed with a deep groove so the end will
readily shear off when pushed with the valve plunger. This opens,
the inlet hole through the plug. The sheared end is pushed out
of the way in the chamber; it is shaped so it will not block the
ports after release.

The shearinq plunger is actuated by an explosive charge with dual
ignition primers inserted in the side chamber of the valve.
Ignition circuit continuity is monitored by a trickle current,
and an alarm occurs in the control room if either circuit opens.
Indicator lights show which primary circuit opened.

The SIC system is actuated by a three-position keylocked switch
on the control room console. This assures that switching from
the "off~'osition is a deliberate act. Switching to either side
starts an injection pump, actuates both of the explosive valves,
and closes the reactor cleanup system outboard isolation valve to
prevent loss or dilution of the boron.

A liqht in the control room indicates that power is available to
the pump motor contactor and that the contactor is deenerqized
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(pump not running). Another light indicates that the contactor
is energized tpump running).

Storage tank liquid level, tank outlet valve position, pump
discharge pressure, and loss of continuity on the explosive
valves indicate that the system is functioning If any of those
items indicate that the liquid may not be flowing, the operator
may immediately change the othez switch status to "run" thereby
activating the redundant train of the SLC system. The local
switch vill not have a "stop" position. This prevents the
isolation of the pump from the control room. Pump discharge
pressure and valve status are indicated in the control room.

Equipment drains and tank overflow are not piped to the radwaste
system but to separate containers tsuch as 55-gal. d'rums) that
can be removed and disposed of independently to prevent any trace
of boron from inadvertently reaching the reactor.
Instrumentation consisting of solution temperature indication and
control, solution level, and heater system status is provided
locally at the storage tank. Table 9.3-11 contains the process
data, for the various modes of operation of the SLC.

9.3 5 3 Sa~fet Evaluation

The standby liquid control system is a reactivity contzol system
and is maintained in an operable status whenever the reactor iscritical. The system is expected never to be needed for safety
zeasons because of the large number of independent control rods
available to shut down the reactor.
To assure the availability of the SLC system, and to facilitate
maintenance and testing, two sets of the components required to
actuate the system — pumps and explosive valves are provided in
parallel redundancy.

The system is designed to bring the reactor from rated power to a
cold shutdown at any time in core life. The reactivity
compensation provided vill reduce reactor power from rated to
zero level and allow cooling the nuclear system to room
temperature, with the control rods remaining withdrawn in the
rated power pattern. It includes the reactivity gains that
result from complete decay of the rated power xenon inventory.It also includes the positive reactivity effects from eliminating
steam voids, changing water density from hot to cold, reduced
Doppler effect in uranium, reducing neutron leakage from boiling
to cold, and decreasing. control rod worth as the moderator cools.
The minimum average concentration of natural boron in the reactor
to provide adequate shutdown margin, after operation of the SLC
system, is 660 ppm. Calculation of the minimum quantity of
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sodium pentaborate ta be injected into the reactor is based on
the required 660 ppm average concentration in the reactor coolant
including recirculation loops, at 70OP and reactor normal water
level. The result is increased by 25% to allow for imperfect
mixing and leakage. Additional sodium pentaborate is provided to
accommodate dilution by the RHR systen in the shutdown cooling
mode. This concentratian will be achieved if the solution is
prepared as defined in Subsection 9.3.5.2 and maintained above
saturation temperature.

Cooldown of the nuclear system will require a minimum of several
hours to remave the thermal energy stored in the reactor, cooling
water, and associated equipment. The controlled limit for the
reactor vessel cooldown is 100OF per hour, and normal operating
temperature is approximately 550>Z. Use of the main condenser
and various shutdown cooling systems requires 10 to 24 hours to
lower the reactor vessel to room temperature (70oP); this is'he
condition of maximum reactivity and~ therefore, the condition
that requires the maximum concentration of boron.

The specified boron injectian rate is limited to the range of 6to 25 ppm per minute. The lower rate assures that the boron is
injected into the reactor in approximatley two hours. Thisresulting reactivity insertion is considerably quickez than that
covered by the cooldown. The upper limit injection rate assuresthat there is sufficient mixing so that boron does not
recirculate through the core in uneven concentrations that could
possibly cause reactor power to rise and fall cyclically.
The SLC system is requized to be operable in the event of astation power failure, therefore the pumps, heaters, valves, andcontrols are poaered from or connectable to the standby a-c posersupply. The pumps and valves are powered and controlled from
separate buses and circuits so that a single electrical failurewill not prevent injection of sodium pentabarate on demand. fin

The SLC system and pumps have sufficient pressure margin, up to
the system relief valve setting of approximately 1400 psig, to
assure solution injection into the reactor above the normal
pressure in the bottom of the reactor.. The nuclear system relief
and safety valves begin to-relieve pressure above approximately
1100 psig. Therefore, the SLC system positive displacement pumps
cannot overpressurize the nuclear system.

Only one of the two standby liquid control pumps is needed for
system operation. If a redundant component. (e.g., one pump) is
found to be inoperable, there is no immediate threat to shutdowncapability, and reactar operation can continue during repairs.,
The time during which one redundant component upstream of the
explosive valves may be out of operation should be consistent
with„the following: the probability of failure of both thecontrol rod shutdown capability and the alternate component in
the SLC system; and the fact that nuclear system cooldown takes
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several hours while liquid control solution injection takes
approximately two hours. Since this probability is small,
considerable time is available for repairing and restoring the
SLC system to an operable condition while reactor operation
continues. Assurance that the system will still fulfillits
function luring repairs is obtained, by demonstrating operation of
the operable pump.

In the event of a loss of the thermostatically-controlled storage
tank heater "A", a. low temperature alarm would eventually be
annunciated in the control room anl would alert the operator to
control storage tank temperature manually from the local panel by
means of the mixing heater »B».

A low-temperature alarm will also annunciate in the control roomif there is a loss of the suction piping heat tracing. The alarm
setpoint is sufficiently above saturation temperature of the
sodiu'm pentaborate solution such that, even in the unlikely event
that ambient temperature is below 70F, sufficient time will be
available to enable the operating personnel to take appropriate
temporary measures to heat the suction piping before
precipitation occurs.

The SLC system is evaluated against the applicable General Design
Criteria as follows:

Criterion 2: The SLCS is located in the area outside of the
priaary containsent (drywall) and below th'e refueling floor. In
this location it is protected by the containment and compartment
walls from external natural phenomena such as earthquakes,
tornadoes, hurricanes and floods and internally from effects of
such events and internal postulated events.

Criterion 4: The SLCS is designed for the expected environment
in the containment and specifically for the compartment in whichit is located. In this compartment, it is not subject to the
more violent conditions postulatel in this criterion such as
missiles, whipping pipes, anl discharging fluids. This system is
only called upon to perform a pseudo-safety function under normal
operation conditions

C~rterion 21: Criterion 21 is applicable to protection systems
only. The SLC system is a reactivity control system and should
be evaluatel against Criterion 29.

Criterion 26: The SLCS is the second reactivity control system
required by this criterion. The requirements of this criterion
do not apply within the SLCS itself..
Criter~ion I: This criterion applies no specific reguireaents
onto the SLCS and, therefore, is not applicable. See the General
Design Criteria Section (Section 3.1) for discussion of combined
capability.
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Criterion 29: The SLCS pumps and valves cutboard of the
isolation valves are redundant. Two pumps, and two injection
valves are arranged and cross-tied such that operation of any one
of each results in successful operation of the system. The SLCS
also has test capability. A special test tank is supplied for
providing test fluid for the yearly injection test. Pumping
capability may be tested at any time. A trickle current
continuously monitors continuity of the firing mechanisms of the
injection squib valves.

The SLC system is evaluated against the applicable regulatory
guides as follows:
'~Re ulatory Guide 1.26 Revision 2: Because the SLCS is a
reactivity control system, all mechanical components are at least
Quality Group B. Those portions which are part of the Reactor
Cooling Pressure Boundary are Quality Group A. This is shown in
Table 3.2-1.

~Re ul~ator Guide l. 29 Revision 'I: All GR supplied components of
the SLCS which are necessary for injection of neutron absorber
into the reactor are Seismic Category I. This is shown in Table
3 2-1

Since the SIC system is located within its own compartment wit;hin
the reactor building, it is adequately protected from flooding,
tornadoes, and internally and externally generated missiles. SLC
system equipment is protected from pipe break by providing
adequate distance between the seismic and non-seismic SLC system
equipment where such protection is necessary. In addition,
appropriate distance is provided between the SLC system and other
piping systems. Rhere adequate protection cannot be assured,
barriers have been considered to assure SLC system protection
.from pipe break (See Section 3.6).
It should be noted that the SLC system is not required to provide
a safety function during any postulated pipe break events. This
system is only required under an extremely low probability event
where all of the control rods are assumed to be inoperable while
the reactor is at normal full power operation. Therefore, the
protection provided is considered over and above that required to
meet the intent of APCSB 3-1 and MEB 3-1.

This system is used in a couple of special plant capability
demonstration events cited in Appendix A of Chapter 15.
Specifically Events 51, 52, and 53 which are extremely low
probability non-design basis postulated incidents. The analyses
given there are to demonstrate additional plant safety
consideration .far beyond reasonable and conservative assumptions.

A system-level, qualitative-type .failure mode and effects
analysis is presented in Subsection 15A.6 6.
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9.3.5.4 Testing and In~s ection Reguirements

Operational testing of the SLC system is performed in at least
two parts to avoid inadvertently injecting boron into the
reactor.

Mith the valve from the storage tank closed and the valves to and
from the test tank opened, demineralized water in the test tank
can be recirculated by locally starting either pump.

During a refueling or maintenance outage, the injection portio'n
of the system can be functionally tested by valving the suction
line to the test tank and actuating the system from the control
room. System operation is indicated in the control room.

After functional tests, the injection valve shear plugs and
explosive charges must be replaced and all the valves returned to
their normal positions as indicated

After closing a local locked-open valve to the reactor, leakage
through the injection valves can be detected by opening valves at
a test connection in the line between the containment isolation
check valves. Position indicator lights in the control room
indicate that the local valve is closed for tests or open and
ready .for operation. Leakage form the reactor through the first
check valve can be detected by opening the same test connection
in the line between the Containment Isolation Check Valves when
the reactor is pressurized.

The test tank contains demineralized water for approximately 3
minutes of pump operation. Demineralized water from the makeup
system or the condensate storage system is available for
refilling or flushing the system

Should the boron solution ever be injected into the reactor,
either intentionally or inadvertently, then after making certain
that the normal reactivity controls will keep the reactor
subcritical, the boron is removed from the reactor coolant system
.by flushing for gross dilution followed by operating the reactor
cleanup system. There is practically no effe'ct on reactor
operations when the boron concentration has been reduced below
approximately 50 ppm.

The concentration of the sodium pentaborate in the solution tank
is determined periodically by chemical analysis. Flectrical
supplies and relief valves are also sub jected to periodic testing
(see Chapter 16) .

The SLC system is preoperationally tested in accordance with the
reguirements of Chapter 14.
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-9.3 5.5 Instrumentation Requirements

The instrumentation and control system for the SLC is designed to
allow the injection of liquid poison into the reactor and the
maintenance of the liquid poison solution well above the
saturation temperature. A further discussion of the SLC
instrumentation may be found in Chapter 7
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TABLE 9 3-2

INSTBUHEHT AIB SYSTEH

PNEUHATICALLY OPEBATED VALVES MHICH HAVE A SAFETY FUHCTIOH C<)

SYSTEH AHD FIGURE
HUHBER LOCATIOH DESIGN FUNCTION

NORHAL PAIL SAPE
POSITION POSITION POSITION

Service Mater
Piqure 9.2-la and 9.2-lb
HV-10943A2

Turbine building closed
coolinq water heat
exchanger outlets

Heat removal from turbine
building closed cooling water
heat exchangers

Closed closed Closed

HV-10943B2 Turbine building closed
cooling vater heat
exchanger outlets

Heat removal from turbine
building closed cooling water
heat exchangers

Closed Closed Closed

HV-10943A3

8 V 1094383

Turbine building closed
cooling vater heat
exchanger outlets

Turbine building closed
coolinq vater heat
exchanger outlets

Heat removal from tu"bine
building closed cooling water
heat exchangers

Heat removal from turbine
building closed cooling water
heat exchangers,

Open

Open

Open

Open

Open

Open

Emerqency Service Mater
Figures 9. 2-Sa and9.2-5b
HV-11 1 43 A

Turbine building closed
coolinq water heat
exchanger inlet

Heat removal from turbine
building closed coolinq vater
heat exchangers

Closed Closed Closed

HV-11143B Turbine building closed
cooling vater heat
exchanger inlet

Heat removal from turbine
building closed cooling water
heat exchangers

Closed Closed Closed

Reactor Core Isolation
Coolinq
Figure 9.2-6
HV-1P088

Steam supply Bypass closed Closed Closed

HV-1F025

HV-1P026

LV-1F054

Steam drain line
Steam drain line
Steam drain line

.;.Isolation

Isolation
Bypass

Open

Closed

Closed

Closed

Closed

Closed

Open Closed Closed

BCIC Turbine-Pump
Piqure 9.2-6
HV-1P004

Drain line on the BCIC
vacuum tank condensate pump

Drain isolation Closed Closed Closed

HV-1P005 Drain line on the RCIC
vacuum tank condensate pump

Drain isolation Open Closed Closed
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TABLE 9 3-2 /Continued)

SYSTEN AND FIGURE
NUNBER LOCATION DESIGN FUNCTION

NORNAL FAIL SAPE
POSITION POSITION POSITION

HPCI Turbine Pump
Figure 9.2-6
HV-1P 026

Drain line on the HPCI
turbine pump

Drain isolation Closed Closed Closed

HV-1P025 Drain line on the HPCI
turbine pump

Drain isolation Open Closed Closed

Containment Atmos. Control Nitrogen supply line to
primary containment

P V-05719

Supply shut-off (isolation) Closed Closed Closed

Control Rod Drive

XV-1F0 11

XV-1P010

XV-126

XV-127

PV-1P002A

PV-1P002B

Scram discharge volume
piping

Scram discharge volume

Scram inlet valve

Scram exhaust valve

Nanyauto station drive
water pump discharge

Nan/auto station drive
water pump discharge

Vent valve isolation

Drain line isolation
Scram inlet
Scram exhaust

Plow control

Flow control

Open

Open

Closed

Closed

Open

Open

Closed Closed

Closed Closed

Open

Open

Closed

Open

Open

Closed

Closed Closed
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TABLE 9.3-2 /continued)

SYS1EN AND FIGURE
NONEER LOCATION DESIGN FH NCTION

NORNAL FAIL SAFE
POSITION POSITION POSITION

Reactor Buildinq !IVAC
System
Fiqure 9.4-6, 9. 4-7,
and 9.4-8
HD-17564 AG 8

HD-17586AGB

HD-17576AG3

HD-17502AG 8

HD-17514AG3

HD-17524AGB

HD-17508AC 8

Fan discharqe (V212AGB)

Zone III supply fan
discharge (1V2128)

Zone I supply fan
discharge (1V202ASB)

Zone I exhaust fan inlet
(1 V205 AG 8)

Zone III exhaust systea
inlet (1V213AGB)

Zone III filtered exhaust
system (1V217AGB)

Zone I equipment comp.
exhaust system (1V206AGB)

On duct from Zone I or II
dryvell purge to SGTS

Isolation

Isolation

Isolation

Isolation

Isolation

Isolation

Isolation

Open

Open

Open

Open

Open

Open

Open

Closed Closed

Closed Closed

Closed Closed

Closed Closed

Closed Closed

Closed closed

Closed Closed

TV-07550AGB Fire protection isolation
valve for SGTS

Isolation Closed Closed Closed

HV-07551A1,2, 3C4
HV 0755181 r2w3G4

SGTS drain valves Drain off fire protection
vater

Closed Closed Closed

HD- 17534 A thru H

HD-07543ACB

R.B. air locks

R. B. recirculation system
outlet

Isolation
Interconnection betveen SGTS C

Recirculation System

Open

closed

Closed

Open

Closed

Open

HD-17601 AS 8
HD-17602ACB
HD-17657 AGB

R. B. recirculation systea
inlet

Interconnection betveen
Recirculation System RB
Duct

Closed Closed Closed

PDD-07554AGB
PDD-07543ACB

R.B. SGTS inlet from
R. B. Recirculation

R.B. negative pressure
(No Dulation)

Open As Is As Is
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~$g~ Q-g ~Cont~nu

SYSTEN AND PIGURE
NUNBER LOCATION DESIGN PU NCT ION

NORNAL PAIL SAPE
POSITION POSITION POSITION

Control Structure HVAC
System
Piqure*9.4-2
TV-07813A
TV-078138

Mater spray to the
activated charcoal filters

Pire protection

Mater spray isolation Closed Closed Closed

HD-07824A1 ~ 81
HD-07824A3, 83
HD-07824ASiB5

HD-07824A2,82
HD-07824 A4, 84
HD-07824 A6, 86

HD-07802AGB

HD-07833AGB

Return air to units
OV103AGB

Supply air from units
OV103AGB

Outside air to units
OV103AGB

Control room floor relief
fan inlet

Isolation

Isolation

Isolation

Isolation

Open

Open

Open

Open

Closed Closed

closed closed

Closed Closed

Closed Closed

HD-07873 AG 8 Control room kitchen exhaust
fan inlet

Isolation Open Closed Closed

HD-07872AGB Control room toilet fan
inlet

Isolation Open Closed Closed

A complete list of pneumatically operated valves required for containment isolation is found in
Table 6.2-12
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TABLE 9.3-4

SERVICE AIR SYSTEM DESIGN PARAMETERS
FOR UNIT 1( <)

Quantity
Capacity, each, scf m

Discharge pressure, psiq
Coolinq water: flow rate, qpm

temp. in OF

temp. out ~P

2() )

440
125
13
105
125

Aftercoolers

Quantity
Capacity, each, scfm
Operating pressure, psiq
Coolinq water: flow rate. qpm

temp. in OP

temp. out op

2(1)
440
125
10 8
105
125

Receivers

Quantity
Capacity. each ft~
Desiqn pressure, psiq
Desiqn temperature, ~F

2( l )

223
139
200

The design parameters for Units 162 are identical except
the quantity of each compcnent for Unit 2 is one.
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TABLE 9.3-5

LOFTI PRESSURE AIR SYSTEM DESIGN PARAMETERS
(COMMON TO UNITS 1 6 2)

Quantity
Capacity'cfm
Discharge pressure. psiq
Coolinq water: flow rate, qpm

temp. inlet OF

temp. outlet OF

1

700
35
7
105
125

Aftercooler

Quantity
Capacity, scfm
Operatinq pressure, psiq
Coolinq water: flow rate, gpm

temp inlet OF

temp. outlet oF

1

700
125
19
105
125

Quantity
Capacity. ft~
Desiqn pressure, psiq
Desiqn temperature, ~F

Receiver'

151
125
200
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TABLE 9-3-7

LIST OF INSTRUMENT GAS OPERATED DEVICES

1 Four main steam isolation valves.

2 Sixteen main steam relief valves, including six valves with
auto depressurizing function (ADF) .

3. One recirculation sample line valve.

4: Two RHR check valves.

5. Two equalizing valves for RHR check valves.

6. Two core spray check valves.

7. Two equalizing valves for core spray check valves.

8. Five tip indexing mechanisms.

9. Ten vacuum relief valves.

10. Eight reactor building chilled water valves.

11. Containment leak chase detection system.

12. One Reactor Core Isolation Cooling (RCIC) steam line
equalizing valve.

13. One High Pressure Coolant Injection (HPCI) steam line
equalizing valve.

Rev. 12, 9/79
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9 4 AIB CON DITIONINGR HEATZNGR COOLINGR AND
- ~ VENTIL~TIOQ~SST~S

~94 ~CORTROL ROOII RND C~ON ROL STRIICTHRR HVRC SYSTEMS

The followinq systems are covered under this subsection.

a) Control Room Floor Cooling System

b) Computer Room Floor Coolinq System

c) Control Structure HGV System

d) Emerqency Outside Air Supply System

e) SGTS Equipment Boom HSV Systems

f) Battery Rooms Exhaust System

q) Smoke Removal System

h) Access Control and Lab Area Supply System

i) Lab Fume Hood Makeup and Exhaust Systems

All HVAC systems in the control structure are common -ystems
which are shared by two power plant units (Unit l and Unit 2).

~9~4-1~/ 1 - Contgol Room Floog Cooling System QOV-117)

This system provides ventilation, coolinq, and control of
environmental conditions in the control room and associated areas
on the 728 ft elevation of the control structure.'he system is
desiqned to accomplish the followinq ob electives during normal
plant operation as well as under emergency conditions:

a)

b)

Maintain the space- temperature at 75~F x 5~F, to control
the air movement for -personnel comfort and to ensure the
operability of control room equipment and instruments
under normal and design basis accident conditions

Naintain the space relative humidity at 50 percent s 5
percent for personnel comfort and equipment performance
under normal operation

REV. 2 9/78 9. 4-1
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c) Maintain a positive pressure above atmosphere to inhibit
air leakage into the control room during high radiation
isolation modes

d) Isolate the space and divert the outside air supply
throuqh the emergency outside air filter system when
high radiation is detected in the outside air

e) Recirculate and. clean up room air when chlorine is
present in the outside a ir

f) Monitor radiation and detect chlorine in the outside air
supply

q) Operate during normal, shutdown, and design basis
accident conditions without loss of function

The control room floor coolinq system (OU-117) has a safety
related function and is desiqned to meet the Seismic Category I
requirements. The kitchen exhaust fan, toilet exhaust fan,
reheat coils, and the humidification systems are not safety
related.

This system provides ventilation, coolinq, and control of
environmental conditions in the computer room, lower relay room,
maintenance rooms, and Uninterruptible Power Supply (UPS) rooms.
The coolinq system is desiqned to.

a) Maintain the space temperature at 750P i 100F (except
the UPS rooms which are 1040F maximum) ~ to control air
movement for personnel comfort and to ensure the
operability of the computer equipment under normal
conditions.

b) . Maintain the space relative humidity at 50 percent a10
percent as required for computer perf ormance under
normal operation.

~4 /~13 ~ Coo~teal S tuctuve HSV Slstem~OV-103$

This system serves all elevations within the control structure
envelope (refer to Fiqure 9 4-1), except elevation 728 ft
(control room floor) and elevation 697 ft (computer room floor).
The system is designed to accomplish the following objectives
durinq normal plant operation as well as under DBA conditions:

REV. 2 9/78 9 ~ 4-2
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a) Haintain temperatures in the various spaces within
specified limits.

b) . Beet the specified cooling and ventilation requirements
to ensure the operability of the equipment and
instruments without loss of function.

c) Haintain a positive pressure above atmosphere to inhibitair leakage into the control structure envelope.

Isolate the control structure envelope and divert the
outside air supply through the emerqency outside airfilter system during accident conditions.

~4~~4~e c s e-- p~ Supply Sgstea ~OV-1O~1

This system is designed to:
a) Filter radioactivity from the outside a.ir supply

b) Recirculate and clean up room air when chlorine is
present in the outside air

c) tlaintain the specified outside air supply to the control
room and control structure envelope during accident
conditions

d) Maintain a positive pressure above atmospheric toinhibit air leakage into the control room duringradiation isolation
e) Operate during and after desiqn basis accident'and

reactor building isolation mode conditions without loss
of function

f) Provide radiation monitoring and chlorine detection of
outside air supply.

The emerqency outside air supply system has safety related
functions and is designed to Seismic Category I requirements.

9 4- TS oo HCV S~ste~m

The SGTS equipment room heating system (OV-144) and ventilation
system (OV-11S) are desiqned to:

a) Naintain temperatures in the space within a.'range
suitabl'e for equipment performance

REV. 2 9/78 9 4-g
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b) Haintain adequate air flow for ventilation;
The SGTS equipment room is located at Elevation 806 ft. All
ductwork amd equipment has safety related functions and is
desiqned. to Seismic Category I requirements.

yf ~System OV-116

The function of the battery room exhaust system is to maintain
desiqn temperature and pressure conditions and provide adequate
airflow for ventilation The battery room exhaust system is
desiqned to ensure that hydroqen concentrations remain within
acceptable limits.

~9<L~1- a7 SEohe ~eoval Exhaus~ts stes~0V~104

The purpose of the smoke removal system is to exhaust smoke and
qas after a fire has been extinquished from areas in the contxol
structure between the elevations of 697 ft-0 in and 771 ft-0 in.
includinq the control room

The system has no safety related function. However, the
isolation dampers in the top of the duct shaft wall and those in
the control structure envelope boundary are of Seismic Category I
construction. The connecting ductwork between these isolation
dampers is also of Seismic Cateqory I design

~94~-1~1~$ - access Contgol and Lab brea Su l S stem OV-105

This system serves the access control and laboratory area at
eleva<ion 676 ft-0 in. of the control structure This area is
located outside the control structure envelope boundary The
equipment that serves this area is located in turbine building
Unit 1 at elevation 762 ft-0 in. (HSV equipment room) . The
system has no safety related function and is designed to
accomplish the followinq objectives during normal plant
ope ration:

a) Haintain temperature in the various areas within
personnel comfort limits, (750P x 100P)

b) Maintain adequate airflow for comfort and ventilation
c) liaintain space pressure at approximately atmospheric.

REV. 2 9/78
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9.4.1.1.9 Lab Fume Hood Makeup and Exhaust Systems(OV-106 and
OV-114)

These systems have no safety related function. The design basis
is to accomplish the following objectives during normal plant
operation:

a) Maintain air balance for fume hoods

b) Filter contaminated air from fume hoods and exhaust it
through turbine building Vnit 1 exhaust vent to the
atmosphere,

The laboratory fume hoods are located in the control structure at
elevation 676 ft-0 in., the filter units at elevation 686 ft-0
in., and the exhaust fan at elevation 806 ft-0 in.

The laboratory fume hood makeup air unit is located in the
turbine building Unit 1 HRU equipment room at elevation 762 ft-0
in. All the above lab fume hood systems equipment is located
outside the control structure boundary.

9.4.1.2 S stem Descri tion

9.4.1.2.1 Control Room Floor Cooling System (OV-117) and
Com 'uter Room Floor Coolin S stem (OV-115)

The control room floor and computer zoom floor cooling systems
(OU-117 and OU-,115 respectively) are symmetrically designed. One
serves the control room and the other serves the computer room.
Both systems are shown on Figures 9.4-1 and 9.4-2. Design
parameters for the control room floor and computer room floor
cooling systems are listed in Table 9.4-2.

Each system is served by two 100 percent capacity redundant air
handling units (one operating and one on standby). Each unit
contains a ventilation filter bank, chilled water cooling coils,
a centrifugal fan, and a fan outlet damper. The two units are
connected to a common Seismic Category. I supply and return duct
system that distributes supply air throughout the space and
returns room air to the units. The conditioned air is cooled by
water cooling coils. The chilled water supply'ystem is
described in Subsection 9.2.12. The control room and the
computer room air conditioning equipment is located within a
Seismic Category I structure. All equipment in each redundant
system is powered from an -independent Class IE power source.

Rev. 27, 10/81
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The chilled water for the cooling coils in each system is
supplied by a Seismic Category I, independent chilled water
supply system. The chilled water systems are interlocked with
their respective supply air fans in the same division.

When the chiller train starts, the fans on the same division
automatically start. Failure of any of these fans is annunciatedin the control room and also trips the chilled water system and
the fans in that division. The standby chilled water and air
systems start automatically.

Redundant temperature switches are provided at the suction sideof the fans of both systems. When the suction trip air temperature
for the fans is high, the operating fan and its associated chiller trainis tripped and the standby chiller train and its associated fans all
started simultaneously.

Fan selector switches in the control room panel allow manual
selection of systems.

Each air system is provided with an air temperature control'ler
that regulates the temperature of the return air. The controllerwill modulate a three-way mixing valve to control chilled water
flows through the cooling coils.

For further description of the chilled water system see
Subsection 9.2.12.

Each system supplies a minimum quantity of outside air and
recirculates conditioned air to maintain space requirements;
space humidity will be controlled during normal operations.

The outside air is taken from an outside air intake system that
is described in Subsection 9 '.1.2.4. The control room floor and
computer room floor cooling systems are supplied with outside air
through a branch duct from the outside air intake system. A
preset quantity of outside air is provided for these systems.
This branch outside air duct is equipped with an electric duct
heater. A duct mounted thermostat regulates a controller to
modulate the leaving air temperature to a minimum of 500F. The
duct heater unit is Seismic Category I, but the control for the
heater is not safety related. During emergency 'operation, this
heater is not required to operate; the outside air will be heated
by the emergency outside air system.

A four step humidification system is provided for the control
room and computer room. A humidistat mounted in the control room
return air duct regulates a step controller to maintain humidity
in the control room. The humidification is designed for normal
operation only and is not a safety related system.

Rev. 27, 10/81 9. 4-6
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The humidification system is supported independantly except for
the steam distributor which is mounted in the duct. In the event
of a DBA if the distributor,fails, it will not affect the
operation of the control room HVAC system.

The plant security office and locker rooms are equipped with duct
'mounted heating coils that operate during normal operation only
and are not safety related. These reheat -coils are controlled by
space thermostats set at 75 F. The heating coils are interlocked
with the system supply fan.

The control structure envelope is designed to be
maintained at a positive pressure of approximately 1/8 in. water
gauge above atmospheric pressure during the high radiation
isolation phase and normal operation. The TSC and DSC are
equipped with a nonsafety related duct mounted reheat coil for
normal operations. The reheat coil is modulated by a space
thermostat to control space temperature and is interlocked with
the system supply fan.

During normal operation the pressurized air in the control roomwill be relieved through a fan,.(OV-119). The fan is not safety
related.

The operation of the control room HVAC system during the
isolation phase is described in Subsection.9.4.1,.2.4.

9.4.1.2.2 Com uter Room Floor Coolin S stem

See Subsection 9.4.1.2.1 for description of Computer Room Floor
Cooling System.

9.4.1.2.3 Control Structure H&V S stems (OV-103)

The system is shown on Figures 9.4-1 and 9.4-2 . Design
parameters are listed in Table 9.4-2.

The system consists of two 100 percent capacity redundant air
handling units (one operating and one standby). Each unit
contains a ventilation filter bank, two electric heating coils,
two chilled water cooling coils, a centrifugal fan, and a fan
discharge damper. The units are connected to a common Seismic
Category I supply and return duct system that distributes supplyair throughout the areas served and returns room air to the
units. The control structure H&V equipment is located within a
Seismic Category I structure. All components in each redundant
system are powered from an independent Class 1E power source.

Rev. 27, 10/81 9,4-7
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The control structure HGV systems supplies a fixed quantity of
outside air through the outside air duct system and recirculates
conditioned air to maintain space requirements. In each space
the return air, exhaust air, and exfiltration will be balanced
to:

a) Provide supply air to maintain specified temperature
conditions in the battery room floor, elevation 771 ft
and furnish ventilation air to the battery room exhaust
system (OV-116). For further discussion see Subsection
9.4.1.2.6.

b) Maintain space temperature conditions in the following
areas:

Elevation 783 ft - HRV equipment room

Elevation 753 ft - Upper relay rooms, upper cable
spreading rooms, and electrician's
office

Elevation 741 ft - Technical support center

Elevation 714 ft - Lower cable spreading rooms

The control structure HRV system is designed to handle the
heating and cooling load for the spaces mentioned above.

The chilled water systems that supply the control structure H&V
unit cooling coils and their operation are described in
Subsection 9.2.12.

In each fan system air temperature controllers, (one heating and
one cooling), sense the temperature in the return air. The

!

heating controller regulates the output of the electric heating
coil through an SCR (Silicon Control Rectifier). Chilled water
flow through the cooling coil is modulated by a three way mixing
valve controlled by the cooling controller.

Rev. 27, 10/81, 9.4-s
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9.4.1.2.4 Control Structure Emer enc ,Outside Air Su 1 S stem (OV-101)(CSEOASS)
e

This system consists of two 100 percent redundant, Seismic
Category I filter trains complete with fans as described in
Subsection 6.5.1.2. Each redundant system is powered from an
independent Class IE power source.

The system as shown on Figures 9.4-1 and 9.4-2. Design
parameters are listed in Table 9.4-2.

Each filter train is connected to a common- Seismic Category I
duct system. The emergency outside air supply system is located
within a Seismic Category I structure.,

When the emergency outside supply system is in operation the
volume of air flowing in the main supply duct is continuously
indicated and,recorded in the control room. The upstream HEPAfilter pressure differential is also continuously recorded in the
control room. The loss of airflow will automatically trip and
isolate the operating train and,start the standby train. Both
loss of airflow and high pressure differential across the abovefilter are alarmed in the control room. Temperature detectors
monitor the temperature of the charcoal adsorber. The pre-
ignition temperature (set at 190'F) is alarmed„ in the control
room and indicated locally on the unit's heat detection control
panel which is located on elevation 806 ft. The ignition
temperature (set at 450 F) is also alarmed in the control room
and indicated locally. In addition, the ignition temperature
signal will automatically trip the train and open the fire
protection water deluge valves (see'ubsection 6.5.1.2). Note
also that there are two valves in series. The air operated valve
adjacent to the filter housing is Seismic Category I. The
upstream valve is a standard fire protection deluge valve.

The temperature differential across the filter train is also
monitored. When this temperature differential increases to 30~Fit is alarmed in the control room. When it decreases to
approximately 10 F this is also alarmed in the control room and-
also trips the supply fan. The low temperature differential is
normally an indication of the failure of the electric heater.

The outside air for the control room floor cooling system
(OV-117), computer room floor, cooling system (OV-115), control
structure HRV system (OV-103), and.the SGTS equipment floor
ventilation system are taken from a common outside air intake.
The outside air intake is missile protected and connected to
Seismic Category I design duct systems.

During normal operation, the outside air is drawn through the
ducts and distributed to each system as described in above.

Rev. 27, 10/81
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When hi'gh radiation is detected at the outside air intake, this
is annunciated in the control room, and the outside air is
automatically diverted through the emergency outside air filter
system (OV-101). The isolation dampers at the control roomrelief air duct are closed and all the nonsafety related systems
are tripped. The smoke removal system dampers are normally
closed.

When chlorine is detected at the outside air intake, the high
chlorine signal is annunciated in the control room. All
isolation dampers in the control structure envelope close
automatically. This includes:

a) All exhaust isolation dampers

b) Control room relief air duct isolation dampers

c) All outside supply air isolation dampers including the
normal and emergency outside air dampers.

The entire control structure is isolated before chlorine reaches
the intake isolation dampers. All the nonsafety related systems
are tripped. The smoke removal system dampers are normally
closed. After control room isolation is initiated, the emergency
outside air: system (OV-101) can be started up and operated
manually to recirculate and clean up space air in the control
room. The outside air intake dampers remain closed during this
mode of operation.

The high chlorine signal stops the battery room exhaust fans
(OV-116 Z and S).

When reactor building isolation is initiated, as described in
Subsection 9.4.2.1, the emergency outside air system will
automatically operate in the radiation isolation mode.

9.4.1.2.5 SGTS Equipment Room Heating and Ventilating
S stems (OV-144 and OV-118)

The equipment in both the heating and the ventilating systems is
100 percent redundant. The systems are shown on Figures 9.4-1
and 9.4-3 . Design parameters are listed in Table 9.4-2. Each
redundant system is powered from an independent Class IE power
source,

Rev. 27, 10/81
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,.The redundant equipment is connected to coaaon Seisnic Category I
ductwork systems ~ There are two redundant heating systea units
each containing a ventilation filter, an electric heating coil,
and a centriqual fan with a discharge damper The two redundantventilation systeas each contain a fan and discharge damper The
heating units (OV-144) recirculate room air and the space
thermostat controls the heating coil to maintain a minimua room
tempe rat ure of 40 OP.

The SGTS equipment roon is ventilated by outside air that is
introduced into the room through the outside air intake duct
systems and exhausted by the ventilation system (OV-118) through
the SGTS vent" duct to atmosphere. The exhaust fan is controlled
by a roon thermostat that is set at 100oP

'~94. Q~-6- ~ /he

The system consists of redundant exhaust fans and redundantisolation dampers Each redundant systea is powered from an
independent Class IE power source

The system is shown on Figures 9.4-1 and 9 4 3 . Design
parameters are listed in Table 9.4-2.

The individual battery rooms are not equipped with independent
fans. The system is designed to operate with one fan on standby
and one operatinq. The branch ducts to each battery room are
connected into a common duct system

I

The battery rooms'akeup air is introduced by the control
structure HSV system (OV-103). The exhaust fan (OV-116) systemis desiqned to exhaust air from each battery room and discharge
through the SGTS vent duct to the. atmosphere

Shen chlorine is detected at the outside ai.r intake, the chlorineisolation siqnal will trip the exhaust fan and close all
redundant isolation dampers.

The control structure smoke removal system is composed of two
100 percent capacity redundant centrifugal fans, normally openfire dampers, normally closed control dampers, and associated
ductwork and control.
The system is shown on Pigures 9 4-1 and 9 4-3 Design
para me te rs are listed in Table 9. 4-2

REV. 2 9/78
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The hand control switches and associated status indicating lights
of the fans and dampers are located in the control room on thefire protection control board

pire dampers are provided for each floor area under supervisory.
control The dampers are normally closed. Hhen fire has been
detected and suppressed, the smoke removal fan is manually
switched on and the redundant fan is put into automatic standby.
Smoke from affected floor areas is then purged by manually
opening the appropriate fire dampers If the operating fan failsit is alarmed in the control room and the standby unit
automatically starts Smoke is exhausted to the turbine building
exhaust vent.,
The smoke removal system will not be operated during accident
conditions.

The system is shown on Figures 9.4-1 and 9.4-3. Design
parameters are listed in Table 9.4-2

The access control and laboratory area supply unit contains aventilation filter bank, an electric heating coil, chilled water
cooling coils, and. a centrifugal fan.

The system is designed to maintain a temperature of 75~P t 5~F
for personnel comfort and provides makeup air during normal
operation.

The control switch, located in a local panel, starts, the supply
fan. The system d'scharge air temperature controller directly
controls the amount of chilled water flowing into the chilled
water cooling coils. This temperature, controller also controls
the output of the electric heating coil through a stepcontroller
Control structure isolation signals will shut down the supply
fan, which will in turn stop all other interlocked systems tsee
Subsection 9.4.1.5).
There are seven zones in this system; each zone contains anelectric reheat coil. h zone thermostat will maintain each zone
temperature. Each zone reheat coil is interlocked with the
supply fans.

The control switch and associated status indicahing lights and
instruments are located in a local control panel installed in the
turbine building Unit 1, HCV equipment room.

9 4-12
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A unit heater in the personnel access corridor entry at elevation
676 ft-0 in. will temper infiltration from the entrance. The
unit heater will maintain temperature under the control of a
local thermostat.

9 4.1.2.9 Lab Fume Hood Makeup Air System (OV-106),
Contaminated Filter Units Exhaust System (OV-114)
and Hood Exhaust Filter Systems

'I

These systems are shown on Figures 9.4-1 and 9.4-3. Design
parameters are listed in Table 9.4-2.

The 'laboratory fume hood makeup air system consists of an air
handling unit eguipped with a ventilation filter bank, an
electric heating coil and a centrifugal fan, vith the associated
ductvork. dampers and controls. The makeup air supply unit
supplies auxiliary air type fume hoods that are located in the
control structure laboratories at elevation 676 ft-0 in.
The fan control is interlocked with the contaminated filter units
exhaust fans. When the fan is in operation the system discharge
air temperature controller controls the output of the electric
heating coil, to provide tempered makeup air to the fume hood.

9.4.1.2. 10 Control Room Toilet (OV-107), Control Room
Kitchen (OV-108), Access Control Area Toilet
(OV-112), and Access Control General Area
~OV-113) Exhaust Fan Systems

These systems are shovn on Fi.gures 9.4-1 and 9 4-3. Design
parameters are listed in Table 9.4-2.

The hand control switches of all the fans are located on the
local control panel. The operation of these fans is strictly
manual and they vill operate only if the access contxol and lab
area supply fan (OV-105) is operating. Since the control room
may be directly exposed to the outside environment through the
control room toilet and kitchen exhaust systems, fail-closed,
redundant isolation dampers in series are installed at the intake
of the toilet and kitchen exhaust fans. These isolation dampers
are automatically closed by the high outside air radiation or
chlorine signals.

9. 4-13
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9.4.1.2.11 Radiation Chemical Labo"atory, Sample Room and
Decontamination Area Hood Exhaust Filter Systems

These systems are shown on Figures 9.4-1 and 9.4-3. Design
parameters are listed in Table 9.4-2.

Each hood exhaust filter train consists of a pre-filter, HEPAfilter, charcoal filter, fire detection system, filter train
inlet and outlet dampers, and associated controls and
instrumentation.

The inlet and outlet dampers are manually operated through a hand
switch located at the hood or on a local control station as in
the case of the decontamination area hood exhaust filter system.

Local differential pressure indicator is provided across eachfilter and high differential pressure across the HEPA filter is
alarmed at the local control panel.

The fire detection system has four temperature sensors. Two
sensors to monitor pre-iqnition (set at 190~P) and ignition (set
at 450~F) temperatures are embedded in the charcoal filter., Two
more identical sensors are located at the air ou'tlet end of thefilter train. The pre-iqnition and ignition temperatures alarm
directly in the control room. At ignition temperature, the inlet
and outlet dampers are automatically closed to isolate the wholefilter train, and the water deluge valve is opened to flood the
charcoal filter.
Temperature indicators are provided at the local control panel to
monitor the temperature of the inlet and outlet air of the filtertrain. In addition, high temperature differential between theinlet and outlet air of the filter train is alarmed at the local
control panel.

9.4 1.3 Safetv Evaluation

All safety related control structure and control room systems are
desiqned to maintain functional inteqrity during a design basis
accident. Each system is provided with redundant equipment and,
controls to maintain uninterrupted room air circulation, cooling
and heating for personnel comfort and instrument functioning.
All equipment is located within the control structure, a
protected Seismic Category I structure During loss of offsite
power, standby power is available from the standby diesel
generators for the continued operation of all safety related
equipment.
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The single failure criteria for active safety related equipment
are met by using redundant equipment and controls and
automatically s~itching from one redundant system to the other.
Active equipment such as fans, controls, dampers, pumps, and
chillers are redundant. Passive system components such as supply
and return ductworks systems are common.

For failure mode and effect analysis see Tables 9.4-16 through
9. 4-21 for saf ety related modes of operation.

All ductwork and supports for the safety related systems meet the
Seismic Category I requirements.

The control room HVAC system is designed to maintain
environmental conditions within the space as specified for
habitability and equipment operation under the normal and
abnormal operating conditions. All equipment in the system is
designed to Seismic Category I requirements, except the
humidification equipment.

A radiation monitoring system is provided in the outside air
intake to detect high radiation and initiate measures to ensure
that personnel safety and equipment functions are not impaired
and that the requirements of 10CFR20 are satisfied. In the event
of a high radiation condition, the normal outside air supply to
the system is diverted throuqh the emergency outside air filter
train befo're being delivered to the control room. All isolation
dampers except those on the battery room exhaust and emergency

'utside air intake will be closed. These operations will be
annunciated in the control room.

The emerqency outside air filter train and the control room
shieldinq envelope are designed to limit the occupational dose
level as required by General Design Criterion 19 of 10CFR50.

The introduction of a predetermined quantity of outside air
maintains the control room and the other areas served by the
control room floor system at a positive pressure with respect to
surrounding areas. This positive pressure is maintained during
all the plant operating conditions except when the system is in
the recirculation mode.

Chlorine detectors are provided at the outside air intake to
detect chlorine in the environment. In the event of a high
chlorine concentration, all isolation dampers will be closed,
includinq those on the outside air intakes, and all nonsafety
related fan systems will be tripped.. The control zoom HVAC
system will be manually switched to the recirculation mode to
cycle room air through the emergency outside air filter train
{charcoal adsorber) system.
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A smoke removal system is provided with a capability of purging
any one of the floor areas under supervisory control.

9.4.1.4 'ests and I~ns ections

The control room HVAC system and its components are thoroughly
tested in a program consisting of the following:

a) Factory and component qualification tests (see Table
9 4-1)

b) Onsite preoperational testing (see Chapter 14)

c) Onsite subsequent periodic testing (see Chapter 16) .

Written test procedures establish minimum acceptable values forall tests. Test results are recorded as a matter of performance
record, thus enablinq early detection of faulty performance.

All equipment is factory inspected and tested in accordance with
the applicable equipment specifications, codes, and quality
assurance requirements. Refer to Table 9.4-1 for details of
inspection and testing.
The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

9 4. 1. 5 Instrumentation Reauirements

The control switches and the associated status indicating lightsof all safety related equipment of the control room and control
structure HVAC systems are located in the control room. Control
switches and indicating lights of all isolation dampers are
located on local control panels. Except for the isolation
dampers between Units 1 and 2, status indicating lights of allisolation dampers are duplicated in the control room.

Althouqh the control switches of isolation dampers are remote
from the control room, the redundant isolation dampers are always
in series and are designed to fail safe in the closed position.
In addition, the redundant isolation signals of the isolation
dampers are wired so that they override their corresponding
control switch.

The control switches and status indicating lights of all
nonsafety related eguipment, except the smoke removal system, are
located on the equipment, on local panels, or on local control
stations. Control switches and indicating lights. of the smoke
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removal system fans and dampers are located on the fire
protection panel in the control room.

All safety related equipment failures, such as fans failing to
establish airflow when required, are alarmed in the control room
on one of two separate annunciators (one annunciator for Division
I equipment and one for Division II). In addition, the following
are alarmed in the control room:

a) High chlorine gas in the outside air

b) High radiation in the outside air

c) High-high radiation in the outside air (upscale)

d) Outside air radiation detection systems failure

e) High temperature (pre-ignition) in a charcoal adsorber of the Control
Structure Emergency Outside Air Supply Systems (CSEOASS)

f) High-high temperature (ignition) in a charcoal adsorber
of the CSEOASS

g) High pressure differential across an upstream HEPA
filter of the CSEOASS

h) High temperature differential across a filter train of
the CSEOASS

i) Normal outside air supply isolation damper failed closed
in the absence of control structure isolation signals

j) Loss of control power to the electronic instruments

k) Battery rooms isolation damper failed closed in the
absence of high chlorine isolation signal.

The outside air radiation level is continuously recorded in the
control room.

~s,

Failure of nonsafety related equipment is'larmed on local
control panels and is retransmitted to the control room as a
trouble alarm.

All safety related equipment with maintained contacts type
control switches have automatic input to the bypass indication
systems {see Section 7.5) when the switch is in the "OFF"
position.

Instruments of the safety related systems are seismically
qualified and redundant to meet the single failure criteria. In
particular, the emergency outside air supply systems (atmosphere

Rev. 27, 10/81
9.(-17



SS ES-FS AR

cleanup) are instrumented to comply with the requirements of
Regulatory Guide 1.52. Airflow in these systems is indicated,
recorded, and alarmed (loss of flow) in the control room.
Upstream HEPA filter pressure differentials are recorded and
alarmed (hiqh pressure differential) in the control room.

9 4-2 REACTOR BUILDING VENTILATION SYSTEM

The following systems are covered under this subsection:

a)

b)

Reactor building HVAC systems for normal operation
Safety related and RCIC air cooling systems include; 1)
Emergency Core Cooling Systems (ECCS) and RCIC„pump
rooms unit coolers and 2) emergency SMGR room'nd load
center room coolinq units {for normal and emergency
operation) .

The ESF reactor building recirculation system is covered in
Subsection 6.5.3, and the standby qas treatment system (SGTS) is
described in Subsection 6.5.1.

9.4.g.j Reactor Building HVAC Systems for Normal Operation

The secondary containment is divided into three isolatedventilation zones. Zones I and II surround respective Units 1

and 2 containments below the floor at elevation 779 ft-1 in.
Zone III includes Units 1 and 2 secondary containments above the.floor at elevation 779 ft-1 in. including the refueling floor.
(See Figures 9. 4-4 and 9. 4-5) .

This section discusses Unit 1 secondary containment HVAC systems
(Zones I and III of Unit 1) . The Unit 2 secondary'containment
HVAC systems (Zones II and III of Unit 2) are identical to those
described for Unit, 1.

Each of the ventilation zones is provided with independent HVAC
systems designed to operate durinq plant normal operation and
durinq shutdown. Zone III systems will function during normalfuel handling and storage operation. The recirculation system
and SGTS will be used after a fuel handling accident.

Sp

E

,e,
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9.4.2. 1. 1 Design Basis

The reactor building HVAC system is designed to accomplish thefollowinq objectives during stable and transient operatingconditions, from start-up to full load to shutdown:

a) Provide filtered outside air at approximately 2.9 air
changes per hour

b) Haintain air flow from areas of lesser to areas of
greater potential contamination

c) The building will not exceed the maximum temperature of
1000F in the refueling floor, 1200P in the reactorbuilding portion of the steam pipe tunnel, and 1040F or
100~P in the various remaining areas of the building,
except for a maximum of 1100F in the fuel pool filterdemineralizer rooms, cleanup filter demineralizer rooms,in the surge tank vault, and regenerative and
nonregenerative heat exchanger rooms

d) The building's minimum temperature will not be below 600
F

e) Maintain the secondary containment at minimum negative
pressure of approximately 0.25 in. wg.

f) Supply ventilation or purge air to the primary
conta in me nt

q) Provide ventilation, cooling, and heating to the ECCS
pump rooms during normal plant operation. Por safetyrelated cooling see Subsection 9.4.2.2.

h) Filter air exhausted from areas of greater potential
contamination (eguipment rooms — all zones)

i) Nonitor radiation in the unfiltered air from the ZoneIII exhaust system (V-213), and isolates the Zone IXI
portion of the secondary containment on a high radiation
signa l

j) Provide for radiation sampling in the reactor building
exhaust vent

k) Provide for a transit time of exhaust air from theradiation monitors to the isolation dampers of, Zone IIIunfiltered exhaust system, greater than the damper
closing time plus the radiation monitor response time
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l) Isolate appropriate ventilation zone or zones and start
the recirculation system upon receipt of the reactor
building isolation signal

m) Isolate supply and exhaust duct's of rooms containing
high energy pipelines after a pipe break.

The portion of the reactor building ventilation system that is
associated with the recirculation system is safety related. The
remaininq portion of the ductwork within the secondary
containment boundary is wot safety related; however, it is
seismically designed and analyzed to ensure that it will not
damage the safety related equipment and systems. Safety
classifications are shown on the airflow diagrams, Figures 9.4-4
and 9.4-5.

Monitorinq of radiation levels in the spent fuel pool is
discussed in Subsection 12.3.4.

9 4.2. 1.2 System Descry tion

The air flow diagrams for the reactor building are shown on
Figures 9 4-4 and 9.4-5. System design parameters are listed in
Table ~ 9.4-3. Cooling water is supplied to the air cooling coils
in the HVAC systems by the reactor building chilled water system
described in Subsection 9.2. 12. The controls and instrumentation
associated with each system are an integral part of that system.
The instruments and controls are shown on Figures 9.4-6 through
9.4-9.

All the equipment of the Unit 1 air handling systems are located
in two HGV equipment rooms (El. 779 ft-. 1 in. and 799 ft-1 in.
east of the spent fuel pool). The two rooms are outside the
secondary 'containment boundary.

Access to any zone from outdoors, to HBV equipment rooms, or
access between the zones is through air locks with, airtight doors
on the potentially contaminated'ide and conventional doors on
the clean side. The air lock is continuously exhausted.

Zone I Supply Unit SystemgV-202} and Zone III Supply Unit
System QV-212}

Each system supplies the respective zone with conditioned 100
percent outdoor air.
Each system includes, in the direction of air flow: outdoor air
intake; filters bank, four 35 percent capacity each electric
heating coils; four 35 percent capacity each, chilled water
coolinq coils; two 100 percent capacity fans; two disc type
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isolation dampers, in-series, distribution ductwork with dampers,
supply air outlets, and associated controls.

Zone I Ega i~ment ComEartment Exhaust SZstemgV-206$ an6 ZoneIII Filtered Exhaust System~V-217)

Each system exhausts air from the respective zone equipment
compartments and from rooms with the higher potential for
radioactive contamination.

Each system includes, in the direction of air flow: distribution
ductwork with exhaust registers and dampers; two disc type
isolation dampers, in-series, two filter trains, approximately 55
percent capacity each; two 100 percent capacity fans; system
discharge ductwork connecting to the reactor building exhaust
vent, and associated controls. Each filter train contains
prefilters, upstream HEPA filters, charcoal adsorber (6 in. deep
vertical bed), and downstream HEPA filters.

Zone I Exhaust System QV-205) and Zone III Exhaust System

Each system exhausts air from the respective zone areas of lesser
radioactive contamination potential. Each system includes, in
the direction of air flow: distribution ductwork with exhaust
registers and dampers; two disc type, isolation dampers in-
series; two 100 pe cent capacity fans, discharge ductwork
connecting to the reactor building exhaust vent, and associated
controls.
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V-201 Recirculation~Sstem~See Subsection 6.5 3 2

During normal plant operation the reactor building ventilation
systems maintain the design temperature and pressure in the
respective zones of the secondary containments of Units 1 and 2.
The supply air systems (V-202 and V-212) supply the respective
zone with constant air volume. Fan discharge dampers of the
exhaust systems V-205 and V-213 are modulated by appropriate
pressure differential controllers to maintain, a negative pressure
of approximately 0.25 in. wg in the secondary containment. Theair flow of exhaust systems V-206 and V-217 is controlled bytheir pressure differential controllers to maintain the air flow
from areas of lesser to areas of greater potential contamination.
Each supply system is provided with two air temperature
controllers to control the temperature of the air leaving the
fans (one for heating and one for cooling) . The output of theelectric heating coils is regulated by a step controller.
Chilled water flow through the cooling coils is modulated by
three-way mixinq valves controlled by the cooling controller.
supply system V-212 (Zone III) there is a manual cooling
controller override to provide full capacity cooling during the
refuelinq operation.

On

All panel mounted instruments and controls, including fan manual
switches, are installed on local control,panels A group alarm
from each panel is annunciated in the control room. In addition
a ~~no ventilation" alarm for each zone is annunciated in the
control room.

The chilled water coolinq coils are protected from freeze-up by
two sets of temperature switches (low and low-low) mounted on the
face of each coil. (See Subsection 9.2.12.)
Two back draft isolation dampers (BDID) in-series, are provided
on supply and exhaust ducts of selected rooms (see Figure 9. 4-4)
housing ECCS pumps or containing high energy piping. Each BDIDis provided with a. pressure differential switch that trips the
release mechanism to close the damper on sensing high pressure
inside the room.

The trip circuits are connected to uninterruptable dc power
supply.

Only one fan of each system is running during plant normal
operation. On loss of air flow from the running fan, its
associated discharge damper closes and the standby fan starts
automatically.

Failure of both fans on any one system to establish air flow will
result in an automatic shutdown of the remaining ventilation
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systems in that zone. The loss of the zone ventila tion is
alarmed in the control room.

Redundant radiation monitors are provided on three branch ducts
of V-213 (Zone XII exhaust system) . A high radiation signal from
any monitor will automaticall'y isolate Zone III as described in
Subsection 9.4.2. 1.3. Exhaust air transit time between the
monitors and the V-213 system isolation dampers is greater then
the combined time of damper closure and the monitor response.

The systems ~ intake louvers and exhaust vents are not safety
related and are outside the secondary containment; therefore, no
provisions for missile protection are made for these components.

The primary containment is purqed at a rate of 10,500 cfm. This
amount of air is diverted to the primary containment from the
Zone I supply system. From there the air is filtered through the
SGTS and exhausted to the environment.

The reactor building exhaust vent is provided with a radiation
sampler. High radiation level in the exhaust air is alarmed in
the control room.

9.4. 2. 1. 3 Sa fet@ Evaluation

The Reactor Buildinq Ventilation system is housed within the
Seismic Category I reactor building. Mind and tornado protection
is discussed in Section 3.3. Flood design is discussed in
Section 3.4. Missile protection is discussed in Section 3.5.
Protection against dynamic effects associated with the postulated
rupture of piping is discussed in Section 3.6. Environmental
design considerations are discussed in Section 3. 11.

The secondary containment isolation is the only active safety
related function of the normal operation of the reactor building
HVAC system. The system passive safety related function is the
use of related ductwork in the reactor building recirculation
mode which is discussed in Subsection 6.5.3

The isolation dampers which are used for secondary containment
isolation are redundant (two in series), fail close, disc type
dampers, operated by spring loaded air cylinder. If an'active
failure disables one of the two dampers, the other one is able to
perform the isolation function.

All hand control switches and indicating lights for safety
related isolation dampers are located in the control room.
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The reactor building ventilation system is started manually from
the local control panel. The primary containment purge supplyair damper is manually operated from the control room.

The appropriate ventilation zones of the secondary containment
are automatically isolated and the recirculation system is
actuated upon receipt of one of the following signals:

Signal Isolates Zonegs}

High radiation in the refueling
floor exhaust ducts

High radiation in the railroad
access shaft exhaust duct
(Unit 1 only)

High pressure in the drywell
Low reactor water level

I+ 6 III
l~ 6 III

A manual signal from the
control room III or I~ C III
Or Zone II it the signal is from Unit 2 drywell
or reactor.

Any of the above isolation signals, will result in the following
automatic sequence for the affected zone or zones:

a) Trip all running ventilation fans and prevent standbyunits from operating

b)

c)

k

Close normally open isolation dampers (two in-series
separating safety related from nonsafety related .

portions of each system)
t

Open normally closed isolation dampers (two, inparallel), on each duct connecting the recirculation
system fans into the ventilation system ductwork to be
used in the recircula tion mode of opera tion

d) Start the recirculation system (Subsection 6.5.3)

e) Start the SGTS (Subsection 6.5.1)

During the plant normal or emergency operation the following
events will result in the secondary containment' not being
maintained at a pressure below atmospheric:

a) Loss of offsite power (emergency operation)
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b) A normally opened isolation damper on any of the supply
or exhaust systems failing in a closed position results
in a system trip

c) Loss of the reactor building ventilation due to failure,
malf unction of system components.

The loss of the reactor building's ventilation will be alarmed in
the control room, and the isolation of the affected ventilation
zone(s) of the secondary containment may be initiated manually.
As a result, the preferred air flow from areas of lesser to areas
of hiqher potential contamination may not be maintained; however,
the affected secondary containment will be maintained at a
negative pressure of approximately 0.25 in. wg.

Each ventilation system is provided with two 100 percent capacity
fans. When failure of a running fan or its discharge damper is
detected by a flow switch, the respective standby fan will
automatically start. On failure of a fan or its discharge
damper, the preferred air flow pattern will not be affected.

The failure of a BDID in a closed position will result in a loss
of ventilation for the equipment room affected and trouble alarm
on a local HVAC panel. Each trouble alarm will be sounded in the
control room as the panel group alarm. Indicating lights on the
local panel will identify the failed damper, which can be
manually reset to the open position.

Refer to Subsection 9.4. 2. 1 5 for a list of abnormal conditions
which are alarmed on the local HVAC control panels.

High outlet air and water temperature from each drywell unit
cooler is indicated, as an alarm light, on a local control panel
and annunciated in the control room.

The operational degradation of ventilation system components can
be detected by direct equipment status indication (indicating
lights for damper position, fan runninq status) or can be
concluded based on abnormal temperature, differential pressure,
alarms, and indication. Corrective action can then be taken.

~9.4.2..4 Tests and Zns2cctions

All tests and inspections described in Table 9.4-1 apply to the
reactor building HVAC systems, which are used during normal
operation.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.
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9.4.2. 1. 5 Instrumentation Requirements

The following systems or equipment are provided with hand
switches and status indicating lights in the control room:

a) Each isolation damper, except for air locks isolation
dampers

b) Each ECCS pump room unit cooler

c) Each SWGR coolinq unit.
Hand switches and status indicating lights for the balance of theair handling systems, and for the air locks isolation dampers are
located on local HVAC control panels.

The followi'ng alarms are annunciated in the control room:

a) Pan failure, each safety related fan

b) High supply air temperature for emergency SWGRs .

c) High radiation in Zone III exhaust ducts, and the
downscale signal from radiation monitors

d)

e)

High and low flow conditions in the reactor building
exhaust vent radiation sampler

High flow in ducts interconnecting Zone I or II
ventilation systems with the recirculation system fans.
This is to detect isolation dampers which fail open in
the ventilation zone which is not being recirculated.

f) Loss of ventilation in any of the three ventilation
zones (Zone I, II or III)

g) Group alarm on closure of any of the steam flooding
backdraft isolation dampers

h) Group alarm .from each HVAC local control panel

i) Manually induced inoperability of the safety related
systems is alarmed and continuously indicated in the
control room on bypass indication system

j) Pre-ignition and ignition temperatures of charcoal
absorbers.

In addition, the followinq conditions are alarmed on the local
HVAC control panels and transmitted to the control room as a
qroup alarm:
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a) Fan failure, each non-safety related fan

b) High pressure drop across filters
c) Hiqh or low pressure in the zone or one of the

potentially contaminated areas

d) Low air temperature entering cooling coils (freeze
protection), on coils handling outside air

e) High pressure differential across the upstream HEPAfilter bank of each filter train
f) Pre-ignition and ignition charcoal absorber temperatures

q) High temperature differential across charcoal absorber
bed

All instruments and controls performing safety related functions
are qualified to the Seismic Category I reguirements.

The redundancy and separation of instrumentation and controls
conforms to the redundancy and separation of the equipment they
control or monitor

9.4.2.2 Safety Related and RCIC Air Cooling ~S stems

The following equipment and systems are covered under this
heading:

1) The RHR, HPCZ, RCIC, and core spray pump rooms unit
coolers

2) Emergency SMGR cooling units with associated ductwork.

~9.4 2.. 1 Design Basis

The above cooling systems are designed to:
a) Maintain temperature at a maximum of 130~F in the ECCS

pump rooms after a DBA.

b) Maintain emergency SMGR room temperature below a maximum
of 130~ F af ter a DBA and 104~ F during plant normal
operation.

The coolers, associated ductwork, and supporting structures are
safety related and are Seismic Category I.
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9 4. 2. 2. 2 System Description

General

The safety related air cooling systems are shown on the reactorbuilding, Zone I, air flow diagram (Pigure 9.4-4). See Table9.4-4 for the system design parameters. All coolers are suppliedwith emergency service water. The emergency SMGR room coolingunits also contain chilled water cooling coils, for use during
normal operation. The controls and instrumentation associated
with each system are an integral part of that system. The
instruments and controls are shown on Pigure 9.4-6.
ECCS and RCIC Pump Room Unit Coolers

Each ECCS and RCIC pump room unit cooler recirculates and cools
the respective room air, and is capable of carrying the followingcooling loads:

a) RHR and core spray pump room coolers — total cooling
load associated with operation of a single ECCS pump
(one out of two in each room)

b) RCIC and HPCI pump room coolers — the total room cooling
load.

Each unit cooler consists of a cabinet with a cleanable emergencyservice water cooling coil, a direct drive vane-axial fan mountedoutside of the cabinet, and except for RHR pump room coolers, a
sheetmetal transition section with a supply air register. Theunit coolers are mounted adjacent to the pumps they serve, and
they start automatically when the pump starts. Each cooler isalso provided with a hand switch in the control room for manual
operation. During plant normal operation, the reactor buildingventilation system is used to maintain the design conditions in
the ECCS and RCIC pump rooms (see Subsection 9.4.2. 1) .

Each pair of RCIC and HPCI room coolers is provided withadditional hand selector switches in the control room forselection of the lead and standby units. In addition each cooleris provided with a temperature switch to transfer to the standbyunit on detection of high air temperature at the discharge of the
running unit and to annunciate this condition in the control
room.

Emergency SWGR and Load Center Room Cooling Units
Two 100 percent capacity cooling units are provided for the
emergency SWGR and load center rooms. Each unit consists of acabinet with the following components, in the direction of theair flow: prefilters, emergency service water cooling coil, a
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chilled water coolinq coil, and a belt driven centrifugal fan.
The air discharge of each unit is connected to a common supply
air duct.

Air enters the unit inlet directly from the surrounding area.
Duct penetrations for the supply air, and the transfer grilles
for the return air to and from each room, are redundant and
parallel, and are furnished with fire protection dampers. During
normal operation chilled water flow through the coil is modulated
by a three-vay mixing valve controlled by the discharge air
temperature controller.
After a DBA the chilled vater is not available, and the emergency
service water cooling coils are used. Emergency service water
flow through the coils is unrestricted vith no supply air
temperature or water flov control.

Only one cooling unit is runninq during plant normal or emergency
operation. When loss of air flov or high discharge air
temperature from the running unit is detected that unit's
discharge damper closes and the fan is tripped. The standby- unit
starts automatically. Both the high temperature and the running
unit trip are alarmed in the control room.

Each unit is provided with a three position (auto, start, stop)
hand switch in the control room, a flow svitch and a temperature
switch both mounted on a common supply air duct.

9.4.2.2.3 Safety Evaluation

For failure mode and effect analysis see Table 9.4-5 ~ for safety
related modes of operation.

All units, ductwork and support", and other systems components,
except for discharge air temperature pneumatic control loop, meet
Seismic Category I requirements and single failure criteria.

9 4 2.2.4 Tests and Inspections

With the exception of items (4) and (7) through (9) all tests and
inspections described in Table 9.4-1 apply to the coolers and
associated ductwork system.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.
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9. 4. 2. 2. 5 Instrumentation Requirements

The discussion for instrumentation may be found in Subsection
9 4.2. 1. 5.

~4.3 RADNASTE BIJZLDINS YEIITXLATYON SYSTEM

9 4.3.1 Des~is Bases

The Radwaste Building HVAC systems have no s'afety relatedfunctions.
The Radwaste Building Heating, Ventilating, and Air Conditioning
(HVAC) systems are designed to operate during normal operations
and accomplish the following objectives:

a) Provide a supply of filtered and tempered outside air toall areas of, the building
b) Maintain airflow from areas of lesser to areas of

greater potential contamination

c) Maintain the building spaces below the following maximum
temperatures:

General Areas 100oF

Equipment Rooms 104o P

Tank Rooms 120<F

e)

Maintain the building minimum temperature of 40oP

Maintain the building at a slightly negative pressure to
minimize exfiltration to the outside atmosphere

f) Filter through charcoal and particulate filters all air
exhausted from:

The tank vent system
(

Liquid radwaste filters
Liquid radwaste demineralizer

Spent resin tank
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g) Discharge all air exhausted from the space through
particulate filters to the turbine building exhaust
vent.

9.4 3.2 System 'Description

The airflow diagrams for the radwaste building are shown on
Figures 9.4-10 and 9.4-11. Systems design parameters are listed
in Table 9.4-6 Cooling water is supplied to the air cooling
coils of the HVAC supply unit by the radwaste building chilled
water system described in Subsection 9.2. 12. The instrumentation
and controls, shown on Figure 9.4-12, are considered an integral
part of their systems.

The building HVAC supply and exhaust units are located in the
equipment rooms on elevation 691 ft 6 in The tank exhaust
system fan and filters are located in the filter room on
elevation 646 ft 0 in.
The supply system contains two 100 percent capacity fans, a
housing containing one bank of particulate filters, a bank of
electric heating coils, and a chilled water cooling coil.
Filtered and tempered air is distributed throughout the building
in quantities designed to maintain required temperatures and
airflow .toward areas of higher potential contamination. The

'uildingexhaust system contains two 100 percent capacity fans
and two 50 percent capacity filter housings, each with a bank of
high efficiency particulate filters (HEPA) and a bank of
prefilters upstream. This exhaust system is balanced to maintain
the flow of air within the building as described.

In addition to the Building Supply System a Recirculation System
supplies cooling air "to the off-gas area. The Recircul'ation
System includes a unit cooler which is interlocked with the
Building Supply System

The tank exhaust system provides a means of filtering and venting
air from tanks and equipment housed in the radwaste building. A

single fan and filter train are employed for this purpose. An
electric duct heater upstream of the filter is used to lower the
humidity of the air, as necessary, to ensure proper filter
operation. The filters, in the direction of air flow are
prefilter, HEPA, and charcoal Since the flow of air from tanks
and equipment varies, space air is admitted as required to
maintain system volume.

Both exhaust systems use the same duct to transport the filtered
air to the turbine building exhaust vent.
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The building exhaust system and the supply system are interlocked
so that complete failure of either system will shut down the
entire building ventilation system. This condition is a»total
loss of radwaste building ventilation«and is alarmed directly in
the control room.
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The control switch of each of the fans in the building exhaust
system is on a local control panel. The two exhaust fans are
interlocked so that failure of the operating fan will
automatically start the standby unit, isolate the failed unit,
and alarm in the local control panel. This system is manually
started.
The variable inlet vanes of each exhaust fan enable the system to
vary exhaust airflow to maintain the building at a slightly
neqative pressure..

Each of the two filter trains is manually set up for operation by
openinq the train's inlet and outlet dampers through the control
switch on the local control panel.

The two supply system fans are interlocked in the same manner as
the exhaust fans. The standby automatically starts on failure of
the operating fan. Fan failure is alarmed at the local control
panel.

When the supply system is operatinq, the system discharge air
temperature controller directly controls the amount of chilled
water entering the systems cooling coils. This temperature
controller also controls the output of the banks of electric
heaters.

The tank exhaust system starts to operate automatically in
conjunction with the buildinq exhaust and supply systems. The
control switch of this system's fan is on the local control panel
and fan failure is alarmed on the same panel. High temperature
and hiqh-hiqh temperature in the charcoal adsorber are alarmed
directly in the control room. The tank exhaust system filter
train hiqh differential temperature is alarmed on the local
pa nel.

When the charcoal adsorber approaches ignition temperature, the
hiqh-hiqh temperature switch trips the fan and opens the fire
protection deluqe system valve; this floods the housing
containing the charcoal bed.

The electric heater in the duct upstream of the filter train
operates only if the filter train exhaust fan is running. The
electric heater is used to limit the humidity of the air entering
the charcoal filter.

9.4.3.3 Safety /valuation

The failure of the radwaste building HVAC systems or their
components will not compromise any safety related system or
prevent a safe shutdown of the plant.
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The charcoal filters contain fire detection instruments which
annunciate high and high-high .charcoal temperature on the HVAC
panel in the control room. The high-high .temperature signal
causes the filter deluge system to flood the housing to
extinguish the fire. The exhaust,air is checked for radiation by
the radiation monitors in the turbine building exhaust vent.

9.4.3.4- Tests and Ins~ection

The system sill be preoperationally tested in accordance with the
requirements of Chapter 14. Maintaining normal conditions
verifies that the system is performing properly during operation. ~

9. 4. 3. 5- Instrumentation Requirements

All hand control switches of the radwaste building HVAC systems
aze on the. local contzol panels in the radwaste building. The
local panels have annunciators which transmit a trouble alarm to
the control room if any abnormal condition exists in the radwaste
building HVAC systems.

The following abnormal conditions are alarmed at the locaL panel:

a) All fan failures
Hiqh or low indoor/outdoor pressure differential
Hiqh pressure differential across the filter of the
supply system

d) .High temperature differential across the tank exhaust
system filter train

e) High pressure differential across the HEPA filter of the
tank exhaust system

f) Phase 8 overcurrent on the exhaust fan motors feeder
breakers

g) Supply system electric heater trouble

h) High pressure differential across the HEPA filters of
the exhaust system.

The following are alarmed directly in the control room:

a) I.oss of ventilation in the radwaste building
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b) High and high-high 'temperatures in the tank exhaust
system charcoal adsorber.

A pressure differential controller, with pressure sensors inside
and outside the building, modulates the variable inlet vanes of
the exhaust fans to maintain the building at a slightly negative
pressure. A pressure differential indicator is also provided on
the local control panel.

Pressure differential indicators are also provided locally at all
the filters including the tank exhaust system charcoal adsorber.

A temperature sensor is provided at the supply system outside air
intake plenum which automatically operates the radwaste building
chilled water systems (see Subsection 9.2.12) .

9 4.4 TURBINE BUILDING.VENTILATION SySTEM

9.4.4.1 Desian Basis

The turbine building heating, ventilating, and air conditioning
(HVAC) systems have no safety related functions.

The turbine building HVAC systems are designed to operate during
normal operation and accomplish the following objectives:

a) Provide a supply of filtered and tempered air'to all
areas o f the buildinq

b) Maintain airflow from areas of lesser to areas of
qreater potential contamination

c) Maintain buildinq spaces below the following maximum
temperatures:

General Areas

Electrical Rooms

Mechanical Areas

104 F

1044F

120oZ

e)

C

Maintain the building minimum temperature of 40 F

Maintain the Turbine Building except the generator bay
area, at a sliqhtly negative pressure to minimize
exfiltration to the outside atmosphere

f) Recirculate and cool space air to reduce exhaust volume
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q) Exhaust air from potentially contaminated spaces through
particulate and charcoal filters

h) Discharqe all exhaust air through the turbine building
exhaust vent

i) Provide coolinq air to the motor generator sets.

~94~4~) - ~Ss e esc ''o s-

The airflow diaqram for the turbine building HVAC systems are
shown on Piqure 9 4-13. System design parameters are listed in
Table 9 4-7. Cooling water is supplied to the HYLIC cooling coils
by the turbine building chilled water system described in
Subsection 9.2. 12. The instruments and controls shown on Figure
9 4-14 should be considered an integral part of the system.

The turbine buildinq supply unit and associated return fans are
located in the HSV equipment room at elevation 762 ft 0 in. This
room also contains the recirculation unit, the filtered exhaust
unit, and the tlG set cooling unit. The condenser area unit
coolers are installed in the condenser area 'at elevation 676 ft 0
in The condensate pump room unit coolers are located in the
condensate pump room at elevation 656 ft 0 in
The systems described are for the Unit 1 turbine building. Unit
2 sy stem s a re similar.
Pgpgg- S~tg~'gV ~1

The supply system unit housing contains two 100 percent capacity
fans, a bank of chilled water cooling coils, a bank of electrical
heating coils, and a bank of particulate filters The unit is
connected to a ductwork system with outlets, dampers, and
controls to distribute tempered air throughout the building to
maintain temperatures and airflows so that they meet the stated
requirements. The air enterinq.the supply unit contains at all
times sufficient outside air for ventilation. This minimum
quantity of outside air will be increased- up to 100 percent of
system airflow when outside air temperature makes this
practicable.
The supply system operates only if the return air system tV104)
is operatinq. The control switches of the supply fans are on the
local control panel The air supply system is put into operation
by manually starting one supply fan and setting up the second
supply fan in standby mode. The standby fan starts automatically'n

failure of the operating fan.
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Ewi~g .Pgg-.Spy t,eI~V29~4.

The return air system housing contains two 100 percent capacity
fans that, throuqh the associated ductwork system, exhaust air
from clean areas. Depending on requirements of the supply system
(V101), this air may be either exhausted directly to the turbine
buildinq vent or returned to the intake of the supply unit.
The return air fans control switches are on the local control
panel. The system is put into operation by manually starting one
return fan and settinq up the second fan in standby mode. The
standby fan starts automatically on failure of the operating fan.
The return air system is tripped on failure of the supply system
{V101) or the filtered exhaust system (V106}.

Rec-i-rculat-ion .Svstem {V10.5)

The recirculation unit housinq contains two 100 percent capacity
fans, a chilled water cooling coil and a bank of particulatefilters. The housinq connects to both a supply and a return
ductwork system complete with outlets and dampers.

The recirculation system supplies and returns air to and from
areas as required for cooling but. does not affect access and
clean areas.

The hand control switches of the recirculation system fans are
located on the local control panel. The system is put into
operation by manually starting one fan and setting up the second
fan in standby mode. The standby fan starts automatically on
failure of the operating fan.

peg Exhauat~Sstem ~V10~6

The filtered exhaust system contains two 100 percent capacity
fans and two filter housings, of 50 percent capacity each. Eachfilter housinq contains prefilters, downstream HEPA filters,
charcoal filters, and upstream.HEPA filters Air from
potentially contaminated areas in the turbine building is routed
throuqh the filtered exhaust system before it is discharged to
the atmosphere via the turbine building exhaust vent.

The filtered exhaust system operates only if the supply system
(V101) is operatinq The control switches of the filtered
exhaust system fans are on the local control panel. The system
is put into operation by manually starting one fan and setting up
the second fan in standby mode. The fan operates with the twofilter trains. The standby fan starts automatically on failure
of the operating fan
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HG Set Coolin S stem QV103$

The MG set cooling system unit housing contains two 100 percent
capacity fans and =a bank of particulate filters. The air
entering the HG set cooling unit contains at all times sufficient
outside air to cool the MG sets. This minimum quantity of
outside air will be increased to 100 percent of system air when
outside air makes it practicable. The system exhausts directly
to the turbine building exhaust vent.

The control switches of the MG set cooling system fans are
located in the control room on the same board as the controls and
instrumentation of the MG sets. This system is put into
operation by manually starting one fan and setting up the second
fan in standby mode. The standby fan starts automatically onfailure of the operating fan.

Condenser Area Coolie ~V~113

The condenser area unit cooler system consists of two pairs of
unit coolers. Each unit cooler is sized for 50 percent of the
load and its housing contains a fan and a bank of chilled water
cooling coils. Each pair of unit coolers discharges cooled air
through a common duct to the condenser area

The control switch of each fan is on a local control panel. One
fan on each pair of, unit coolers is manually started and the
remaining units set up in standby mode. Each pair of unit
coolers is controlled by a room thermostat that automatically
starts the standby unit when the temperature rises to 1200F. The
standby unit also starts automatically on failure of the
operating unit.
Condensate Pn~mnoom Cooli~cC ~V112)

The condensate pump room unit cooling system consists of four
unit coolers. Each unit cooler is sized for 33.3 percent of the I k4
load and its housing 'contains a fan and a bank of chilled water
cooling coils. Each pair of unit coolers discharges cooled air
through a common duct to the condensate pump room.

The control switch of each fan is on a local control panel.
Under normal operating conditions three fans are manually
started. The fourth unit is set in standby mode. The standby 3

unit starts automatically on failure of any of the three
operating units or when the pump room temperature rises to 1040F
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9 4.4 3 Safet - Evaluation

The turbine building HVAC systems have no safety related
functions.

The turbine building HVAC systems are designed to maintain
airflows from clean areas to potentially contaminated areas and
from areas of potentially lower level contamination to areas of
potentially higher level contaminations, then through a filter
exhaust system

All systems are provided with redundant fans; upon any failure of
any operating fan, the standby fan will be automatically started.

The main exhaust charcoal filters contain a fire detection system
that annunciates on the control room panel when high temperature
occurs If high-high (ignition) temperature is detected in the
charcoal the deluge system fills the filter housing with water
to extinguish the fire. The exhaust air is monitored for
radiation by the radiation detection system in the exhaust vent
outlet.

9.4.4.4 Tests and~inn ections

All components are tested and inspected as separate components
and as integrated systems. After the ductwork system is
installed and airflows are measured and adjusted to meet design
reguirements, all instruments are calibrated to the design
conditions. The system will be preoperationally tested in
accordance with the requirements of Chapter 14.

Periodic flow measurements will be taken to verify the design
condition in order to ensure operability and integrity of the
system.

9 4.4.5 Instrumentation Re uirements

All the hand control switches of the turbine building HVAC
equipment are on the local control panel in the turbine building,
except for the control switches of the fans in the HG set cooling
system which are located in the control room. The local control
panel has an annunciator that transmits a trouble alarm to the
control room if any abnormal condition occurs in the turbine
building HVAC systems exits.
The following abnormal conditions are alarmed at the local
control pa nel:
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a) All fan failures
b) Hiqh temperatures at the condenser area

c)

d)

High temperatures at the condensate pump rooms

High pressure differential across the upstream f{EPAfilter of the filtered exhaust system

e) 'High differential temperature across the filter train of
the filtered exhaust system

f) Hiqh and low building pressures

q) High and low pressure differential between the generator
area {clean) and condenser area (contamina ted)

h) High pressure differential across the filter of the
supply system

i) Hiqh differential pressure across the 'filter of therecirculation system

j) High differential pressure across the filter of the NG
set coolinq system

k) Supply fans (V101), return fans (V104), exhaust fans
(V106), and ifG set cooling fans (V103) motor feeder
breakers phase 8 overcurrent

1) Supply system electric heater trouble.
The following abnormal conditions are alarmed directly in thecontrol room:

b)

Loss of ventilation in the turbine building
Pre-iqnition and ignition temperatures of the filtered
exhaust system charcoal filters

c) Turbine building exhaust vent radiation sampling station
sample airflow high or low

d) Turbine building exhaust air high radiation
e) Turbine building exhaust air radiation monitoring-system

component failure (downscale)

f) Turbine building exhaust air high-high radiation
(upscale)
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Two radiation indicators and a radiation recorder in the control
room continuously monitor the air exhausted from the turbine
building.
Local pressure differential indicators are provided across all
the filters. Pressure differential indicators are also provided
on the local control panels to monitor the building pressure as
well as differential pressures hetveen clean and contaminated
areas.

The condenser area and t.he condensate pump rooms are providedvith room thermostats These thermostats automatically starttheir a sociated unit coolers when the temperature rises above
set point..

Inlet and outlet air temperatures of the recirculation and supply
systems and the filter trains of the filtered exhaust system are
displayed on temperature indicators at the local control panel.

9 4.5 PRTMARY CONTAINMENT VFNTILATION SYSTEM

9,4 5. 1 Design Basis

The primary containment air cooling systems are designed to
accomplish the following objectives during stable and transient
operating conditions from start-up to full load to shutdown:

a) Maintain temperatures in the various spaces within
specified limits. The general drywell area vill he
maintained at an average temperature of 135~ F,. maximum
not to exceed 150~ F. The control rod drive area design
temperature is 135O F, while maximum allowable
temperature is 165~ F. The area around therecirculation pump vill'he mai.ntained at. 128o F. The.
Grywell head area design temperatures are 135~ F average
a nd 150~ F maximum.

b) Provide for the primary containment air purge (See
Subsection 9.4.2.)

c) Prevent concrete structures vithin +he containment from
exceeding the maximum design temperatu "e of 150o"«,
locally-

f

d) During post LOCA condit'ions selected drywall air cooler
sy..tems are designed to mix the drywell atmosphere to
prevent hydrogen concentration build-up. This is the
only safety related function performed by the dry ve31
unit coolers.
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The cooling systens including. the .ductwork that services the CRD
area, the head area, and one of the systems serving the general
drywell area are safety related All other cooling systems are
seismically analyzed to ensure that they present no hazard to the
safety related equipment and systems. Safety classification and
seismic categories are shown on Figure 9.4-15. Pipe whip has not
been considered if the pressure differential betveen the Drywell
atmosphere and the inside of the duct is less than 6" H>0 and the
fluid density is low.

9 4 ~52 S stea nescri ticn

The air flow diagram for the drywell is shown in Figure 9.4-15.
.The duct layout is shown in Figure 9.4-22. Design parameters are
shown in Table 9.4-8. Cooling water to the.air cooling coils is
provided by the reactor building chilled water system or, on loss
of offsite pover, the reactor building closed cooling water
s ystem

!

The controls and instruments associated with each system are
shown on Figure 9 4-16, and should be considered as an integral
part of that system.

The dryvell air flow system contains 14 unit coolers (7 pairs), 1

(8000 CFN) fan.per cooler, and 1 cooling coil per cooler. Each
cooler has an individually ducted supply system Functionally
the unit coolers are arranged in pairs for standby operation.
The tvo units of each pair are physically separated. During the
high speed mode of operation units on standby vill start
automatically on loss of air flov in the running cooler.

The unit coolers are assigned (in pairs) to specific areas of the
drywell as follovs:

V411ASB — RPV support skirt flange'rea and reactor shield
annulus. Cooling air is supplied through tvo ring
headers, each with 12 evenly spaced penetrations
through the reactor shield feeding outlets in the
skirt flange area. From there the air is forced
through the annulus betveen the RPV insulation and
the shield and is exhausted to the dryvell general
area. Each supply air opening is furnished with a
dispersing plate to prevent direct impingement of
cold air against the RPV skirt.

9414!LSB — Safet related systees — serving the RPV head space
and the main steam relief valve area. Cooling air
is
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supplied to.the head area through tvo outlets 1804
apart for maximum air mixing. 'he a ir is
exfiltrated through four openings in the seal plate
into the top of the dryvell.

the lover portion of the dryvell. Cooling air is
supplied from 'tvo openings 1804 P apart, located in
the lover elevation of the CRD pipe space. CRD

pipe openings, at the top of the space, are used to
allov the air to exfiltrate into the dryvell
general area.

V412ASB — ~Ssteas V416ASB a~esafety re1ated. Each
V413AGB system, except V417ASB, supplies its total
V416ASB air flow at the top of the drywell directly
V417MB below the seal plate. Systems V417ASB supply a

portion of the cooling air in the vicinity of the
main steam relief valves. The supply duct outlets,
at the top of the dryvell, are arranged
tangentially around the RPV, so that an even
circular air flov pattern is maintained for cooling
and air mixing.

The cooling units are connected to ductvork on the discharge side
only. Return air enters unit inlet directly from the space.
Physically the units are dispersed around the RPV in the lower
section of the dryvell between el 704 ft-0 in. and 714 ft-0 in.
The unit coolers are provided with two speed motors for operation
at lov speed under the dryvell post LOCA conditions and during
the intergrated leak rate test, and at high speed under normal
conditions. The impellors are subject to a 125% overspeed test
to provide assurance that they vill not generate missiles.

Each dryvell unit cooler is provided with the following controls
{See Figure 9.4-16 for control diagrams):

a) A four position switch — high; low; auto high; stop—
(located in the control room)

b) A pressure differential switch across each fan (flow
detection function) — (local)

c) Temperature sensors on inlet and outlet — (local)

d) Temperature sensor on cooling coil leaving water line—
local (See Subsection 9.2.8.)

e) Local high outlet air temperature alarm, and a group
alarm in the control room
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g)

Local high chilled water outlet temperature alarm, and a

group alarm in the control room

Fan failure alarm in the control room

h) Pan starter switch bypass indication in the contxol
room, for the safety related unit coolers only.

In addition a common local temperature indication and alarm
panel, for both air and chilled water, is in the reactor building
outside the primary containment

Ambient temperature of various areas of the primary containment
is monitored. (See Subsection 6 2. 1 1). High temperature in these
CRD areas will automatically start the CRD area standby unit
cooler. High temperature detected in the drywell area outside
the CRD area sill automatically start all six {6} standby unit
coolers. In the event that the average air temperature in the
drywell cannot be maintained with the standby units, the reactor
will be shutdown in accordance with the technical specifications.

All coolers, including standbys, can be operated manually from
the control room, if necessary to control the drywell
temperature.

All operating modes of the drywell coolers are shown in Table
9 4-9

9 4 5-3 Safe~tEvaluation

The Primary Containment Ventilation system is housed within the
Seismic Category I reactor building. Mind and tornado protection
is discussed in Section 3.3. Flood design is discussed in
Section 3 4 Missile protection is discussed in Section 3.5.
Protection against dynamic effects associated with the postulated
rupture of piping is discussed in Section 3.6. Environmental
design considerations are discussed in Section 3.11.

Low speed operation of coolers V414ACB, V415ACB, and V416ACB is
the only safety related function of the system. For failure mode
and effect analysis see Table 9.4-10.

For high speed opexation during normal plant operation, none of
the unit coolers have any safety related function. Fans are
started manually. If a fan fails to start or fails during
operation, the standby fan starts automatically when on «Auto-
High" mode. The failure is annunciated in the control room.
This is accomplished by use of pressure differential switches
across each fan.
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To ensure continuous operation daring loss of offsite power, all
drywell unit cooler fans and controls are on the emergency power
supply Units A are on Division I Power Supply and Units B are
on Division IX -Power Supply
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Mith the exceptions of items {4) and (6) through (9), all the
tests and inspections described in Table 9.4-1 apply to the
drywell unit coolers.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

~I~~~~Zs~tumen tation Reguiremen~t

Each unit cooler is controlled froa the control roon by a four
position starter switch.

Failure of any fan is alaraed in the control rooa For each
cooler, high air a'nd water discharge temperatures are alaraed
individually on the local control panel, and in the control room,
as a group alarm. Safety related cooler fan starter switch
bypass is indicated in the control room.

Fan starter switch circuit for the safety related coolers are
safety related.. All other controls and instrumentation,
including alarms, are not safety'related. The safety related
switches are qualified to Seisaic Category I requirements.
Isolatinq relays arh provided to separate safety related from non
safety related control circuits. -- -,

The refueling and spent fuel area ventilation.system is part of
Zone IIX ventilation system'escribed i''ubsection 9.4.2.

The following features''are provided."to control air distribution
in the spent fuel area,„in'rder'o.,reduce concentration and
spread.of airborne radioactive contaminants within the refueling
floor:

i
a) Exhaust air registers high over(the spent fuel pool, in

addition to general exhaust registers on the west wall
, of the refueling floor. (See Figure 9. 4-17) .

I

, b) The exhaust air ducts from the tvo register'ocations
are providpd with control dampers, controlled by a
common, two positi.'on selector switch in a local HVAC
control panel. The two'.positions of the switch set the
daapers in a'lternate combinations of minimum and maximum
flow
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Dependinq on the pool water temperature and the refueling floorexterior enclosure surface temperatures, the appropriate exhaustair flow combination can be selected to make use of prevailing
convection currents induced by those conditions.

9.4 ~ 7 DIESEL GENERATOR BUILDING VENTILATION SYSTEM

9.4.7. 1 Design Basis

The HGV system for .he diesel generator building has a safetyrelated function. Zt is desiqned to maintain a suitable
environment for the diesel generators and their accessories
durinq all modes of operation. To ensure proper diesel generatoroperation, each of the four emerqency diesel generator rooms isindividually ventilated and heated not to exceed a maximum design
zoom .emperature of 1200 F and a minimum design room temperatureof 72o F.

9 4.7.2 System Description

Each di sel generator room is provided with a separateventilation system as shown in Fiqure 9.4-18 and 9. 4-19. Each
system is designed to modulate outside/return air flow ratio from
0 to 100 percent depending on the respective room coolinq demand.
Desiqn parameters are listed in Table 9.4-11.

Each supply fan starts with its associated diesel or when the
room temperature, sensed by a start temperature switch, 'exceeds
approximately 950F and continues to run after the diesel stopsuntil the temperature in the room is below the stop thermostat
cutou setting approximately 78~ F. The fan discharge air
temperature is controlled by modulatinq outside air intake,
exhaust, and recirculation dampers. Ventilation is provided byinfiltration when the diesels and fans are off. The dischargeair controller starts to modulate the dampers when the
temperature exceeds 920F. Circulating fans, located in the
basement of each diesel generator room, circulate air between the
basement and main floor. These fans are manually started by alocal hand switch. These fans are not safety related. Heatingfor each room is provided by thermostatically controlled electricunit heaters that operate when the room temperature falls below
approximately 720 F. The basement is heated with electric wall
heaters, which are controlled by individual thermostats. The
heatinq systems are not safety related.
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The ventilation and combustion air is protected from dust by
locating the air intake/combustion air filter in a separate
compartment inside the building about 25 ft. above the grade
(676 ~ -0) elevation, see Fig. 9. 5. 27. Further dust protection is
provided by covering the ground around the diesel generator and
Turbine Building with qrass, gravel and asphalt. The west side
of the Turbine Buildinq will be covered with gravel up to the
centerline of the plant, the east side for about 300 ft. and to
south for 200 ft. from the buildinq will be covered with grass
and asphalt.

Considering the location of the air intake, the combustion air
dust exposure is minimum.

Durinq the Unit 2 construction some of the yard grading will be
in proqress in the summer of 1982; however, the location of this
work is about 700 ft. south from the air intake filters. All
yard work around the Diesel Gene ator Buildinq will be completed
prior to startup.

The fans are not zun except durinq engine operation. During
enqine operation the louvers aze controlled by room temperature
to minimize outside air requirements.

In addition to the design features which minimize the impact of
dust on the diesel qenerator operation, the preventative
maintenance program for the control cabinets include requirements
for cleaninq out dust accumulation when the equipment is checked.

9.4.7.3 Safety Evaluation

Each of the four diesel qenerator fan systems is located in a
separate room within the Seismic Category I Diesel General
Building. The'entilation system required for heat removal from
each room is safety related and designed to Seismic Category I
requirements. Foz failure mode and effect analysis see Table
9.4-12. Wind and tornado protection is discussed in Section 3.3.
Flood design is discussed in Section 3.4. ilissile protection is
discussed in Section 3.5. Protection against dynamic effects
associated with the postulated rupture of piping is discussed in
Section 3.6. Environmental design considerations are discussed
in Section 3. 11.
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9.4.7.4 Test and Inspection

With exception of items 4 thu 12 all tests and inspection
described in Table 9.4-1 apply to safety related components of
the diesel generator ventilation system, with. the addition of the
manufacturer' short motor test report. The test reports provide
documentation for each ventilation fan motor, giving
manufacturer's data for the following tests:

a) Runninq light current (no load)

b) power input

c) High potential
d) Bearing inspection

e) Calculated locked rotor current.
The system vill be preoperationally tested in accordance vith the
requirements of. Chapter 14.

9.4.7.5 Instrumentation Requirements

Each diesel qenerator ventilation system can be individually
controlled from the control room. The system can be started
manually or automatically when in the auto mode, the diesel start
signal or the t'ripping of the hiqh temperature svitch causes theventilation system to operate. In addition to the fan start and
stop temperature switches a low temperature and tvo high
tempe ature switches in each diesel room alarms in the control
room in case of abnormal temperature conditions. Failure of anyventilation component resultinq in loss of air flow also alarmsin the control room.

9.4.8 ENGINEERED SAFEGUARD SERVICE WATER PUMPHOUSE
VENTILATION SYSTEM

9.4.8. 1 Desian Basis

The H+V system for the ESSW pumphouse has a safety related
function. It is designed to maintain a suitable environment for
the ESW and RHRSW pumps and their associated accessories. To
insure proper pump operation each of the tvo separate areas isindividually ventilated and heated not to exeed a maximum design
temperature of 1040F and a minimum design temperature of 600F.
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9.4.8.2 System Description

Each of the ESW and RHRSW pumps is provided with a separate
ventilation system as shown on Fiqure 9.4-18 and 9.4-19. Each
system is desiqned to modulate outside/return airflow ratio from
o to 100 percent depending on the coolinq demand. Design
parameters are listed in Table 9.4-13. Each supply fan starts
with its associated pump, or when temperat'ure sensed by a start
temperature switch exceeds approximately 950F, and continues to
run when the pump is shut off until the temperature in the room
is below the stop thermostat cut-out setting (670 F) . The fan
discharge air temperature is controlled by modulating the outside
air intake, exhaust and recirculation dampers. The exhaust and
intake dampers are designed to fail close in order to prevent
freeze up in the event of damper control malfunction.
Ventilation of the pump house when the pumps are not in operation
will be provided by infiltration. Heating for each room is
provided by thermostatically controlled electric unit heaters,
which operate when the room temperature falls below 600 F.

9.4.8. 3 Sa fete Evaluation

The eight fans and components servinq the ESSW pumphouse are
located in the Seismic Cateqory I ESSW pumphouse structure, which
is divided into two areas with a missile proof separation wall.
The ventilation systems required for heat removal are safety
related and designed to Seismic Cateqory l requirements. The
heatinq system is not safety related.

For failure mode and effect analysis see Table 9.4-14. Mind and
tornado protection is discussed in Section 3.3. Flood design is
discussed in Section 3. 4. Nissile protection is discussed in
Section 3.5. Protection against dynamic effects associated with
the postulated rupture of piping is discussed in Section 3.6.
Environmental design considerations are discussed in Section
3. 11.

9. 4.8. 4 Test and In~sections

With exception of items 4 thru 12, all test and inspections
described in Table 9.4-1 apply to safety-related components of
the ESSW pumphouse ventilation system, with the addition of the
short motor manufacturer's test report. These test reports
provide documentation for each ventilation fan motor giving
manufactuer's data for the following tests:
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a) Running light current (no load)

b) Power input

c) High potential

d) Bearing inspection

e) Calculated locked rotor current

The system will be preoperationally tested in accordance with the
requirements o f Chapter 14.

9.4.8. 5 Instrumentation Requirements

Each ESSW pumphouse ventilation system can be individually
controlled from the control room. The system can be started
manually or automatically. When in the auto mode, the
correspondinq pump start siqnal or the tripping of the high
temperature switch will cause the ventilation system to operate.
In addition to the fan start and stop temperature switches a

hiqh temperature switch is located in the vicinity of each pump
alonq with a low temperature detector for each of the two pumping
bays. The tripping of any of the switches, alarms the control
room of abnormal temperature conditions. 'ailure of any
ventilation component, resulting i.n loss of air flow, also alarms
in the control room.

9.4.9 CIRCULATING WATER PUMPHOUSE AND WATER TREATMENT
BU ZLDING HV AC

9.4.9 1 ~Desi n Basis

The HVAC systems for the circulating water pumphouse and water
treatment building have no safety related functions and are only
used to maintain a suitable environment for the circulating and
service water pumps, the water treatment equipment and all
associated accessories.

To ensure proper pump operation, the circulatinq water pump room
is heated and ventilated not to exceed a maximum design
temperature of 1040 P, durinq plant operation, and a minimum
design temperature of 40~ F during plant shutdown. The diesel
driven fire pump room (located in the circulatinq water
pumphouse) is designed to maintain a minimum of 70~ P when the
pump is not in operation, and a maximum temperature of 107o P

during pump operation. The water treatment building minimum
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desiqn temperature is 60~ F, with the exception of the lab,
toilet, and janitor closet, where the minimum design temperature
is 72o F. Ventilation is provided for the water treatment
building.

9.4.9.2 System Descry tion

The circulatinq and service water pump area is ventilated by 20
roof mounted exhaust fans, controlled by their individual
thermos+ats. Outside air is drawn through the louvers/dampers,
which are located at qround level on the front side of the
building, and exhausted through the roof. Each fan and its
associated damper is controlled by a thermostat, which is located
adjacent to a pump motor.

The fire pump room is normally ventilated by a roof mounted
ventilation fan which also exhausts air from the sump area of the
pumphouse. During operation of the diesel fire pump, the inlet
dampers open to provide outside air for combustion and cooling
and when the room temperature reaches 90~ F a thermostat vill
start the exhaust fan. When the temperature reaches 90O F and
the diesel is not running, the thermostat will open the intake
damper and start the exhaust fan.

t

The water treatment buildinq is ventilated by a number of
different fan systems. The main system con".ains two in-line
axial fans, one operatinq continuously,.the other being on
standby. Air is exhausted from the acid storage room and the
water treatment rooms (Elevations 676'-0" and 693'-0»), by the
main system. Tempered air is drawn through transfer grills into
the acid storage and water treatment rooms from the circulating
pump room. Outside air is also drawn into the water treatment
room (el. 693'-0") . If the water treatment room (el. 693'-0")
temperature exceeds 90OF, a roof mounted exhaust fan starts and
draws in additional outside air through a three position damper
coolinq the area.

The toilet and janitor's closet are ventilated by a common roof
exhaust fan. The laboratory is also ventilated with a roof
mounted exhaust fan.

See Fiqures 9.4-20.and 9.4-21 . Design parameters are listed in
Table 9. 4-15.

Heatinq for the circulatinq water pumphouse and the water
treatment building is provided by electric unit heaters, base
board heaters and cabinet convectors. Each of these 'heating
devices is controlled by its individual thermostat.
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9.4.9.3 Safety Evaluation

The HVAC systems for the circulating water pumphouse and water
treatment buildinq are not safety related, however, there is a
redundant fan for the main ventilation system 'in the water
treatment building. Two redundant unit heaters have been
designed as back up heaters to assure 60o P temperature for the
acid storage room.

'.4.9.4Test and In~sections

All equipment will be tested after installation, to verify its
desiqn conditions. The system will be preoperationally tested in
accordance with the requirements of Chapter 14.

9.4.9.5 Instrumentation ~Be uirements

The HVAC systems in the circulatinq water pumphouse, and water
treatment building are controlled by local thermostats or by
locally mounted switches, which can override the thermostat.
There are no HVAC systems in this building that can be controlled
from the control room. Hiqh temperature in the vicinity of each
circulatinq water pump is detected and alarmed individually on a
local control panel and in the control room as a group alarm.

Rev. 15, 4/80 9- 4- 51
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TABLE 9 4-1

VENTILATION S YSTEMS TESTS AND INSPECTIONS
Page 1

a) All safety related components identified in Table
3. 2-1 are designed, fabricated, installed, and
tested under quality assurance requirements in
accordance vith Append ix B to 10CPR 50.

For systems that must perform a safety related
function, periodic in-service testing of all fans,
valves, controls, and instrumentation in the
systems will be performed. All motor-operated
valves and dampers vill be tested by opening and
closing the valve or damper.

c) Equipment in Seismic Category I systems is required
by specification to meet the seismic requirements
for this project. Before each equipment item is
shipped, the supplier of that item is required to
submit an adequate analysis or applicable test data
as evidence of compliance, which is approved by
PPGL

d) Systems designed to meet Seismic Category I
requirements are subjected to a program of plant
and field testing.

e) All standby units will be tested at periodic
intervals to verify the operation of essential
features. Periodic tests of the activation
circuitry and the system components will be
conducted during normal plant operation.

2)

All centrifugal and propeller fans are tested in accordance
with the AMCA Standard Test Code for Air Moving Devices,
Bulletin 210 Vane axial fans are tested in the field for
flow and pressure requirements. Blade setting ad justments are
made to correc t flow rates vhen necessary.

3)

All motors are built, designed, rated, and tested in
accordance with NEMA-MG-1. Category I motors will have
certification for the NEMA tests required in Publication No.
MG-1. Motors used within the containment comply vith
IEEE 334.

REV. 1 8/78
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TILBLE 9~4-1 Continu~ed
Page 2

4) ~HE TING COILS

The heating coils are furnished in accordance with the
requirements of UL 1096 and the National Electrical Code,
Article 424. The heating coils are installed according to the
National Fire Protection Association Pamphlets 90A and 90B.

5) COOLI NG COILS

The cooling coils are furnished in accordance with ASHRAE 33
and ARI Standard 410. All chilled water, service water, and
emergency service water coils are hydrostatically and
pneumatically tested. Category I coils are seismically
qualified by analysis or testing on a shaker table. The
Emergency Service Mater Cooling coils have been tested in
accordance with ASNE subsection 3 ND-6200 and ND-6300.

6) NIST ELIMINATORS

All eliminators are built in accordance with NSAR 71-45,
"Entrained Moisture Separators for Pine (1 to 10 microns)
Mater-Airstream Service~~. The eliminators are Seismic
Category I and have been seismically analyzed

7) PARTICULATE FILTERS (Supply Air)

The particulate filters are UL Class 1 approved under UL 900.
The filter efficiency and performance is in accordance with
ASHRAE Standard 52-68. The airflow resistance of the
particulate filters is less than 0.35 in. wg (clean) and
1.0 in wg (dirty) at rated flow (2000 cfm). The filters have
an efficiency rating of 85 to 90% by dust spot test on
a tmospheric dust.

8) PREFILTERS (Used in Series with HEPA Filters}

The pref ilters are certified to meet the standards for UL
Class 1 filters. The airflow resistance of the pref ilters at
rated flow is less than 0. 3 in. wg (clean) and 0. 9 in. wg
{dirty). The prefilters have an efficiency rating of 80 to '95

percent by the dust spot test on atmospheric dust.

9) HEPA FILTERS

a) Qualification Tests Prior to Insta'llation

The HEPA filters are constructed in accordance with
NIL-F-51079 A, Filter Nedium, Pire Resistant, High
Efficiency, and NIL-F-51068C, {Filter, Particulate
High-Efficiency, Fire Resistant). The filters are
Type IIC {SGTS) and IIB {all others) The minimum
tensile strength of the filter media is at least
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2.5 lb/in. of width in accordance with the
requirements of MIL-Z-51079A.

The filter medium is securely fastened to the sides
and ends of the filter frame with adhesive to seal
the edges of the medium to the filter frame.
Patching of holes or tears in the medium is not
permitted

The assembled filters are type tested in accordance
vith the requirements of UL 586 {High Efficiency
Air Filter Units) to minimize fire hazards. Thefilters are approved UL Class 1.

Each filter has been tested for flow resistance at
rated flow. The filter resistance does not exceed
the rated pressure drop of 1 in. vg under this
condition.

The filters have been rough handled with the Q110
Vibrating Machine, DLA 26-18-67, examined for
damage and the DOP penetration determined in
accordance with Section 4.3.4. 1.

All filters have been subjected to acceptance tests
made by an NRC quality assurance station Thefilter efficiency exceeds 99 97 percent when tested
with monodispersed, thermally generated DOP aerosol
having a mean particle size of 0.3 micron

Filters selected at random from the manufacturer's
production line have been sub jected to moisture,
overpressure resistance, and filter dust loading
tests in order to initially qualify the filters.
The moisture and overpressure resistance tests were
preformed in accordance with MIL-F-51068.

Each filter has been individually tested by the
appropriate NRC quality assurance station at 100
percent and 20 percent of the rated capacity.

b) Preoperational Tests for Acceptance (performed in
filter train housing)

Visual and dimensional checks of the housing and
mounting frames were made in the field for'on formance with design specif ications.
Nonconforming items are rejected and replaced with
acceptable equipment.

After installation, in-place testing of the HEPAfilter efficiency was conducted in accordance with
Section 10 of ANSI N510-1975 {formerly ANSI N101. 1-
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1972). The tests are conducted at the rated
airflow, using the DOP aerosol test equipment, test
procedures, and test reports specified in ANSI
N510-1975 The overall filtration efficiency is
not less than 99 97 percent. Hhen leaks that would
result in inability to meet the specified system
parameters exist, they are located and repaired by
welding. The system is then tested again to ensure
conformance with acceptance criteria.

10) CHARCOAL A DSORBERS

Charcoal adosrbers were tested as follows:
a) Qualification Tests Prior to Installation

Representative samples, taken from each batch
of charcoal used for filling the adsorbers,
were tested for adsorption efficiencies of
radioactive clem enta 1 iod inc, radioacti ve
particulate iodine, and radioactive methyl
iodine. The test methods were comparable to
those shown in the Oak Ridge Laboratory
Publication NSIC-65. The iodine loading in
the test gas stream was about 0.01 mg/m~.
The removal efficiencies and residence times
were at least as follows for relative
humidities up to 70 percent:

2 3/16 in. (0 25 sec. res. time)

6 in. (0 75 sec. res. time)

8 in. {1.0 sec. res time)

95% elemental
95% organic

99% elemental
99% organic

99% elemental
99% organic

Calculations have been done to demonstrate
that the residence times shown above are met.

REV. 1 8/78

2) Each charcoal adsorber cell was tested for
leakage using the test method presented in
ANSI 510 (formerly AEC Report DP1082) The
tracer gas used in the test was either R-112
or R-11 (tetrachlorodifluorothane or
trichlorofluoromethane) . The tracer gas was
mixed into the rated airflow in accordance
with the above procedure. Leakage paths were
identified and blocked by welding, as
necessary to meet the limiting requirements
on leakage. The pressure drop across thecell was measured during the tracer gas test.
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TABLE 9 4-1 Continue~d
Page 5

3) The percentage of impregnation on the
charcoal as well as type was verified by
random lot sampling.

4) In addition, tests vere conducted in
accordance vith Paragraph 4.3 and Table 44 of
RDT M16-1T to determine the following:

a) Particle size

b) Ignition temperature

c) Apparent density

d) Noisture content

e) Carbon tetrachloride activity.
In-place Testing of Adsorber

Refrigerant (R-11 or R-112) vas introduced
into the upstream side of the adsorber at a
concentration of approximately 20 ppm at
rated airflow. The dovnstream concentration
vas less than 0. 25 percent of the upstream 20
ppm.- No more than four tests were conducted
on any given charcoal adsorber cell No
radioactive isotopes were used in the
efficiency tests performed on the charcoal
adsorbers.

2) The installed carbon adsorber filter bank vas
visually and dimensionally checked for
conformance to the design specifications.

11) FILTER HOUSINGS

In addition to the housing manufacturer's shop tests, a field
performance test vas given to each housing. The leakage rate
for each housing was less than 0. 1 percent of the rated
airflov in cubic feet per minute at 125 percent of the
negative design pressure (-0.25 in. vg).

12) FILTER XN-SERVICE TESTS AND INSPECTIONS

a) The air filtering systems are subject to in-place
testing before initial startup and after each
filter or adsorber change. The test interval not
to exceed one year, in accordance with the
recommendations of ORNL-NSIC-65.

b) The periodic testing of the, filter banks ensures
that the filter bank performance is not degraded,
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through .normal use or during standby service, to a
level of below that assumed in the accident
analyses. The test methods and sensitivities are
the same as or equal to those for initial
acceptance of the system components. Should the
test results indicate that the performance of a
component has fallen to the level assumed by the
accident analyses, the component is replaced.

c) The results of all tests are made available upon
completion of performance and acceptance by PPGL.

d) The following filter in-service tests and
inspections are performed at regular intervals
during plant'ife to determine that the filtration
systems are functioning correctly:
1) With the fan running, readings of the

differential pressure gages, mounted on thefilter plenum are observed and recorded

2} Prefilters are replaced when the pressure
drop across them reaches 1.0 in. water
column.

3) HEPA filters are replaced when the pressure
drop across them reaches 3. 0 in. wa ter
column.

4) Field leak tests are conducted after each
change of HEPA filters in a system.

5) Field leak tests of HEPA filter banks are
made with cold-generated dioctylphtholate,
'using a light-scattering aerosol photometer
for measuring percentage penetration. An
efficiency of less than 99.97 percent
requires corrective action, as stated
previously.

6) Corrective action after a leak test may
consist of increasing the contact pressure on
a seal, or replacement of a cell or cells.
After corrective action is taken, an
addit ional leak test is made.

7) Test of successive canisters of charcoal in
the airstream of the charcoal adsorbers will
be made every 6, 8, or 12 months (depending
on carbon bed depth) and a fter the charcoal
adsorber bank is installed The test
procedures are the same as used duringinitial batch qualification, for elemental
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iodine and methyl iodide attenuating
capacity. Tests for hardness, ignition
temperature, and radioactivity are not made
on these samples.

13) BBCTBOBK

a) Leakage tests on all ductwork vere conducted during
construction.

b) All air distribution systems vere tested and
balanced to provide design air quantities at each
outlet within a tolerance of a 10 percent.

c) Category I ductwork is supported by seismically
designed duct hangers.

d) All Category I ductwork is seismically designed and
based on the analysis and test results which were conducted by
Bechtel Poser Corporation in April, 1976.

The test reports vere based on:

1. Structural Design of Class I Seismic HVAC Ducts.

2. Report on testing of HVAC Duct Specimens

1Q) CONTROLS

a) All controls and instrumentation vere tested prior
to plant operation.

In-service tests and inspection procedures vere
incorporated in the plant operations manual and are
performed at regular intervals during the life of
the plant to show that the instruments are
functioning properly. Recalibration, vhen
necessary, is made at that time.

15) BRANCH TECHNICAL POSITION-ETSB NO 11-2

All secondary filter systems used for normal ventilation
exhaust, comply to Branch Technical Position — ETSB No. 11-2
Design, Testing, and maintenance Criteria for Normal
Ventilation Exhaust System Air Filtration and Adsorption Units
of Light Mater-Cooled Nuclear Power Reactor Plants, with the
exception of the following paragraphs (References are to BTP-
ETSB 11-2)

a) Reference: Para 2. a Noisture separators are used
only vhere moisture impingement may be a problem.
Heaters are used to lover the relative humidity
(R.H) when the ambient exceeds 70$ R-H. None of
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the secondary non-safety related filter systems
require either a moisture separator or heater to
reduce the moisture content or lover the R.H.

b) Reference: Para. 2.c. The pertinent pressure drop
which is instrumented to signal, alarm, and record
in the control room is the pressure drop across the
first HEPA filter.

c) Reference: Para 2 e. Overall design
considerations include reduction of radiation
exposures during routine maintenance and testing

,insofar as effectually possible. It is envisioned,
however, that vorkers will not handle filter units
after a design basis accident and vill thereby
avoid exposures. associated with immediate post-
accident filter handling. Accordingly, no efforts
were made toward a unitized atmosphere cleanup
train design in the interest of accident exposure
reduction.

d) Reference: Para 3.c. Since none of the HEPA
filters separators are exposed to potential iodine
removal spray, the uni ts are not designed for
contact vith the spray.

e) Reference: Para 3. d. In this section and all
others where reference is made to ORNL-NSIC-65, the
reference is understood to be ERDA 76-21 or ANSI
N509 where appropriate.

Reference: Para 4.c. The spacing requirement is
applicable to systems reguiring operator access to
remove filters and adsorber trays. Mhere
unnecessary, the space is not provided, eg,
gasketless carbon adsorbers vhich are filled and
emptied externally.
Reference: Para 4. d. The length of pipe
associated vith manifolding vould promote plate-out
of the constituents of the sampled gas stream,
thereby resulting in erroneous test results. The
test probes are located in readily accessible
locations; a minimum run of piping is used and
manifolding is not employed.
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CONTROL STRUCTURE HVAC SYSTEMS DESIGN PARAMETERS

Page 1

ITEN
HGV SYSTEM
OV-103

COMPUTER RM
OV-115

SAFETY RELATED SYSTEMS
BATTERY RM CONTROL RM
OV-116 OV-117

SGTS EXH SYS SGTS HTNG SYS
OV-118 OV-144

Type Air handling Air handling Indiv. fans Air handling Indiv. fans Air handling
Number of Units

Flov ra!e each, cFM

Fan
Type
Drive
No. of fans per unit
No. of running fans
Static pressure, each,
Notor hp, each

in.

Uni't 2

24~450

Centrif.
Belt
1

1

4 7
40

Unit 2

30~000

Centrif.
Belt
1

1

4.4
40

2 fans

4,000

Centrif.
Belt
2 per sys
1

3
5

Unit. 2

26,020

Centrif.
Belt
1

1

4.4
40

2 fans

3, 500

Centrif.
Belt
2 per sys
1

3
5

Unit 2

3, 000

Centrif.
Belt
1

1

2.6
3

Cooling Coil
No. of coils per unit
Cooling capacity each, Btu/hr

Heating Coils
No. of coils per unit
Heating capacity each'tu/hr

Filters
Quantity and size, in.
Pressure drop, in. vg

Clean
Dirty

Efficiency<I>,

2
1,025,680

1

443, 690
(130 kv)

8-24x 12x12
48-24x24x12

0.5
1

90'5

2
775,635

8-24x12x12
48-24x24x12

0.5
1

90%

N/A

N/A

N/A

2
509,471

N/A

8-24xl2x12
48-24x24x12

0.5
-- 1

-90%

N/A

N/A

N/A

N/A

1

102,000
(30 kv)

6-24x24x12

0.5
1

90$

Dust spot test on atmospheric dust
Y

t
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ITEN

S HOKE
BENOVAL
OV-104

ACCESS 8
LAB EXH
OV-105

HON-SAFETY RELATED SYSTENS
LAB PONE TOILET ACCESS ACCESS
HOOD EXHAUST KITCHEH EXH TOILET EXH GEH EXH
OV-106 OV-107 OV-108 0 V-112 OV-113

Type Indiv. fans Air handling hir handling Indiv. fans Indiv. fans Indiv fans Indiv. fans

Hunber of Units

Plov rate each, cfn

Pan
Type
Drive
Ho. of fans per unit
Ho. of running fans
Static pressure each, in.
Notor hp, each

Cooling Coil
No of coils per unit
Cooling capacity each, Btu/hr

Heating Coils
No. of coils per unit
Heating capacity each, Btu/hr

2 fans

6, 000

Centrif.
Belt
2 per sys.
1

3
7.5

H/h

10 ~ 510

Ce ntrif.
Belt
1

1

4 7
15

2
1,050,000

1

8509000
(250 kv)

1,950

Centrif.
Belt
1

1

2.6
3

N/A

1

119 ~ 000
t35 kw)

350

Centrif.
Belt
1

1

2.5
1

N/A

200

Centrif.
Belt
1

1

2 5
1

H/h

H/h

1,200

centrif.
Belt
1

1

3
1 5

H/h

5,000

Centrif
Belt
1

1

3 5
7 5

N/A

Prefilters
Quantity and size, in.
Pressure drop, in. wg

Clean
Dirty

Efficiency~» ~

H/A
3-24x 12x 12
15-24x24x12

.5
1

90%

N/A
4c»-16x25x2

0-18
0 5
<>>70-80%

N/h H/h

High velocity filters
Dust spot test on atnospheric dust
ASMBAE Standard 52-68 test aethod
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ITEN

SAPETY BELATED
EHEBG 0/A SUPP
OV-101

NON-SAPETY BELATED
COHTAHINATED FILTER UHITS EXHAUST SYS

OV-114

Type

Number of units

Plov rate each, cfm

Pan
Type
Drive
Ho. of fans per unit

Built-up unit

6,000

Centrif.
Belt
1

Built-up unit

8,600<~>

Centrif.
Belt
1

No. of running fans
Static pressure each, in.
Rotor hp, each

Cooling Coil
No. of coils per unit
Cooling capacity each, Btu/hr

Heating Coils
Ho. of coils per unit
Heating capacity each, Btu/hr

1

10
20

N/A
N/A

2
102E000
(30 kv)

N/A
H/A

H/A
H/A

N/A
N/A

H/A
N/A

1

10
30

N/A
H/A

N/A
N/A

H/h
H/h

N/A
H/A

Prefilters
Quantity and size, in.
Pressure drop, in. vg

Clean
Dirty

Efficiency< », Y

HEPA filter, upstream
Quantity and size, in.
Pressure drop, in. vg

Clean
Dirty

Efficiency<»,
Charcoal Adsorber

Type
Depth, in.
Pilter media

Pressure drop, in. vg
Efficiency

Removing inorganic iodine,
Removing organic iodine,

6-24x24x12

0 3
0 9
95

6-24x24x12

1 0
3.0
99.97

Vertical bed
4
Impregnated
activated carbon
2 2

99
99

2-24x24x12

0 2
0 9
95

2-24x24x12

0.8
3 0
99 ~ 97

Horizontal tray
2 3/16
Impregnated
activated carbon
1 2

95
95

2-24 x24x 12

0 2
0 9
95

2-24x24x 12

0 8
3 0
99 97

Horizontal tray
2 3/16
Impregnated
activated carbon
1 2

95
95

2-24x24x12

0 2
0.9
95

2-24x24x 12

0.8
3.0
99. 97

Horizontal tray
2 3/16
Impregnated
activated carbon
1 2

95
95

2-24x24x12

0 2
0 9
95

2-24x24x 12

0 8
3 0
99. 97

Horizontal tray
2 3/16
Impregnated
activated carbon
1 2

95
95
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ITEll

SAPPTI RELATED
ENERG 0/A

SUPP'V-

101

NON-S h P ETT R BLATED
CONTANINATED FILTER UNITS EXHAUST SXS

OV-110

HEPA filter, dovnstream C31 N/A N/A N/h N/h

Dust spot test on atmospheric dust
By NIL Standard 282 DOP test method 0.3
All design parameters sane as HEPT upstream
OP133 - 1,000 cfm
OP136 — 600 cfm
OP139 — 600 cfm
OP102 - 700 cfm
Unfiltered Erh — 2,200
Other - 3,100
System includes four banks of filters
70% Relative Humidity
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RhDWhSTE BUILDING HVhC SYSTENS DESIGN PhRhhETERS
Page 1

ITEN
SUPPLY SYSTEh
OV-301

OFP GhS hR Eh
UNIT COOLERS
OV-309 h 8 B

FILTERED EXH
OV-302

PILT LRQ ThNK VENT
OV-304

Type

Nunber of Units

Plov rate each, cfa

Built-up unit

50, 000

hir Handling Unit

26,000

Built-up unit

50,000« l fan
25,000«l filter

Built-up unit

1,000

Pan
Type
Drive
No. of fans per unit,
No. of running fans
Static pressure, each,
hotor hp, each

lno

Centrif.
Belt
1

1

4
50

Centrif .
Belt '

1

3 8
30

Centrif-
Belt
1

1

12
150

Centrif.
Belt
1

1

6
3

Cooling Coil
No. of coils per unit 6
Cooling capacity each, Btu/hr 292,000

2
1 F 085,000

N/h
N/h

N/h
N/h

Heating coils
No. of coils per unit
Heating capacitv each,

Prefilters
Ouantity and size, in.
Pressure drop, in vg

Clean
Dirty

Efficiency<»,
HEPh filter, upstrean
Ouantitv and size, in
Pressure drop, in. vg

clean
Dirty

Efficiencyl » ~

Charcoal filter
Type
Depth, in.
Pilter aedia
Pressure drop, in. vg

6
Btu/hr 1,020,000

(300 kM)
2 Pilter banks
each containing

24-24x24x12

5
1

85

N/h

N/h

N/h

N/h

N/h

N/h
N/h

2 Filter banks
each containing

30-24x24x12

0 3
0 9
95

30-24x24x12

1

3
99.97

N/h

1

25 F 500
(7i 5 kN)

1-24x24 x.'12

0 3
0 9
95

1-24x24 x 12

1

3
99 97

Horizontal tray
2 3/16
Iapregnated activated charcoal
1.2



ITEN
SUPPLY SYSTEN
OV-301

OFF GAS AREA
UNIT COOLERS
OV-309 ASB

FILTERED EXH
OV-302

PILT LR Q TANK VENT
Ov-300

Efficiency
Renoving inorganic iodine,
Reaoving organic iodine,

HEPA filter, dovnstreaa N/A N/A N/A

99.9 ain
99.5 nin

H/A

Nornally tvo filter units operate in con/unction vith one fan, each fan rated at 50,000 cfn
Dust spot test on ataospheric dust
By NIL Standard 282 DOP test nethod on 0.3 uicron particles
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TURBIHE BUILDING HVAC SYSTEHS DESIGN PARANETERS

ITEN

NG SET COND PP
SUPPLY SYS CLHG SUPP RETURH SYS RECIRC SYS PILT EXHAUST RH CLHG
V-101 V-103 V-104 V-105 V-106 V-112

COND UNIT CLRS
V-113

Built-up unit Built-up unit Built-up unit Built-up unit Built-up unit Unit coolers Unit coolers

Nunber of units

Plow rate each, cfm 135,000 88i000 110 F000 50,000 40 F 000«i fan 20,000
20,000< » filter 24,000

Pan
Type
Drive
No. of fans per unit
No. of runninq fans
Static pressure each, in.
Rotor hp, each

Coolinq Coil
No. of coils per unit
Cooling cap. each, Btu/hr

Heatinq Coils
No. of coils per unit
Heatinq cap. each, Btu/hr

Centrif.
Belt
1

1

5.5
200

8
600,800

8
765,000
(225 RH)

Centrif.
Belt
1

1

4
100

N/A

N/A

Centrif
Belt

1

125

N/A

N/A

Centrif
Belt
1

1

6
75

6
430,000

Centrif.
Belt
1

1

18
200

H/A

H/A

Centrif.
Belt
1

2
2
20

2
1r080e000

H/A

Centrif.
Belt
1

2
2 5
20

2
1 ~ 040r 000

Prefilters (Pilters)

Quantity and size, in.
Pressure drop, in. wq
Clean
Dirty

Efficiency« ~
~

0.5
1 0
85

0.5
1 0
85

56-24x 24x 12 36-24x 24x12

0 5
1 0
85

0 3
0 9
95

2 filter
housings,
each
containing

24-24x24x12 21-24x24x12
N/A N/A

HEPA filter, upstrean
Quantity and size, in
Pressure drop, in. wq
Clean
Dirty

Efficiency< »,
Charcoal adsorher

Type
Depth, in.
Pilter nedia

N/A

N/A

N/A

N/A

N/A

N/A

N/A
21-24 x 24x 12

1 0
3 0
99 97

Vertical bed
6
Inpregnated

H/A
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TAggg 9 4-7

ITEN
SUPPLY SYS
V-101

NG SET COND PP
CLNG SUPP RETURN SYS RECIBC SYS PXLT EXHAUST BN CLNG
V-103 V-104 V-105 V-106 V-112

COND UNIT CLBS
V-113

Pressure drop, in vg
Efficiency

Rem. inorqanic iodine,%
Rem. orqanic iodine,

HEPA filter, dovnstream N/A N/A N/A N/A

activated
charcoal
3 1

99 9 min
99 5 min

C+1 N/A

Normally tvo filter units operate in conjunction vith one fan ~ each fan rated at 40,000 cfm
Dust spot test on atmospheric dust
By NYL Standard 28 DOP test method on 0.3 micron particles
All desiqn parameters same as HEPA, upstream
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TABLE 9.4-8

PBIHARY CONTAINHENT UNIT COOLERS DESIGN PARANETEBS

Iten

Safetv Related
BPV Head CRD Dryvell

Area Area Gen. Area
V-414 AGB V-415 AGB V-416 AGB

Nonsafet Related
BPV Dryvell Dryvell Dryvell

Annulus Gen. Area Gen. Area Gen. Area
V-411 AG8 V-412 AGB V-413 AGB V417 AGB

Type Built-up Built-up Built-up Built-up Built-up Built-up Built-up

Nunber of units

Plov rate each, cfn

Pan

Type
Drive
No. of fans per unit
No of running fans«~
External static pressure, each, in.
High speed, rpm
Lov speed ~ rpm
Notor hp, each Hi/Lo speed

Cooling Coil

No. of coils per unit
Cooling capacity each, Btu/hr

Heating Coils

Filters< »

8,000

Vane-axial
Direct
1

1

2.5
1r 770
870
10/5

1

520,000

N/A

8,000

Vane-axial
Direct
1

1

2 5
1r 770
870
10/5

1

520, 000

N/A

8.000

Vane-axial
Direct
1

1

2.5li770
870
10/5

520~000

N/A

8,000

Vane-axial
Direct
1

1

2.5
1, 770
870
10/5

1

520,000

N/A

Bi000

Vane-axial
Direct
1

1

2 5
1,770
870
10/5

1

520 000

N/A

8 F000

Vane-axial
Direct
1

1

2 5
1 ~ 770
870
10/5

1

520i000

8,000

Vane-axial
Direct
1

1

2.5
1,770
870
10/5

1

520,000

N/A

See Table 9.4-9 for other operating nodes.
"Throv-avay" type roughing filters tvo in. thick are used during plant construction only
No filters are used during noraal plant operation.
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TABLE 9.4-11

DIESEL GENERATOR BLDG HVAC SYSTEMS DESIGN PARAMETERS

.Item

Vent
System
0V-512< > )

Basement
Vent.
0V-511c x )

Type Vane Axial Tubular

Flow rate each, cfm 96,000 3,000

Fan
Type
Drive
No. of fans per diesel qen.
No. of runninq fans
Static pressure, each, in.
Motor hp, each

Coolinq Coil

Heatinq Coils

Filters

Propeller
Direct
4
1

1

40

N/A

Propeller
No. 9 Susp. Horiz.
1

1

0. 25
1.5

N/A

N/A

N/A

Typical for each emerqency diesel generator
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TABLE 9.4-13

ESSN PUMPHOUSE HVAC SYSTEMS DESIGN PARAMETERS

Ltem
Ventilation Sys.
1V-506<»

Ventilation Sys.
0 V-521 c 2>

Type

Flow rate each, cfm

Vane Axial

12, 500

Vane Axial

10,000

Fan
Type
Drive
No. of fans per ESSW Unit
No. of runninq fans
Static pressure, each, in.
Motor hp, each

Coolinq Coil

Heatinq Coils

Filters

Propeller
Direct
2
X1<»
1

5

N/A

N/A

P ropeller
Direct
4
X1~»

5

N/A

N/A

N/A

Typical for each unit ESSM pump

Typical for each common ESSW pump

Additional fan(s) adjacent to the running fan(s),
may be started, manually from the control loop, or
automatically by the hiqh temperature switch,
when required to provide additional coolinq.
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TABLE 9.4-15

CIRC. WTR. PUMPHOUSE HVAC SYSTEMS DESIGN PARAMETERS

Item

Diesel
Rm. Clng.
OV-506

Fire PP. 5 Toilet
Sump PP. Rm. Roof Exh.
OV-503 OV-501

Lab. Roof
Exh.
OV-504

Circ. PP.
Rm. Exh.(1)
IV-503A6B
IV-501A-H

Wtr. Trmt. Wtr. Trmt.
Rm. Vent Rm. Vent
OV-505 OV-502

Roof Mounted Roof Mounted Roof Mounted Roof Mounted Roof Mounted Roof Mounted Tubular

Number of Units

Flow rate each, cfm

Fan
T~e
Drive
No. of fans per unit
No. of running fans
Total pressure, each,
Motor hp, each

Cooling Coil

Heating Coils

Filters

in.

7,000

Centrif.
Belt
1

1

0.5
2

N/A

N/A

N/A

2,300

Centrif.
Belt
1

1

0.5
.75

N/A

N/A

N/A

200

Centrif.
Belt
1

1

0.5
.25

N/A

N/A

N/A

200

Centrif.
Belt
1

1

0.5
.25

N/A

N/A

N/A

10

18,500

Propeller
Belt
1

As req.
0.5
5

N/A

N/A

N/A

6,000

Centrif.
Belt
1

1

0.5
1.5

N/A

N/A

N/A

10,000

Ducted Propeller
No. 9 Ceiling Susp
2
As req.
1

5

. N/A

N/A

% N/A

(1) These are Unit 1 fans. An equal number exists for Unit 2.



TABLE 9.4-18

CONTROL ROOM & CONTROL STRUCTURE HVAC SYSTEMS
CONTROL STRUCTURE H&V SYSTEMS

FAILURE MODE AND EFFECT ANALYSIS

PLANT
OPERATING

MODE

SYSTEM
COMPONENT

COMPONENT

FAILURE
MODE

EFFECT OF FAILURE
ON THE SYSTEM

FAILURE
MODE

DETECTION

EFFECT OF
FAILURE ON

PLANT OPERATION

Emergency

Emergency (LOCA or
high chlorine gas
or radiation in
outside air with
or without LOOP)

Power -Supply

Fans (OV103)

Total loss of
offsite power (LOOP)

Loss of one fan

None. The systems
are redundant and
are powered from
separate standby
diesel generators.

None. The standby
unit automatically
starts.

Alarm in the
control room

Alarm in the
control room

No loss of safety
function

No loss of safety
function

Emergency (LOCA or
high chlorine or
radiation in
outside air with
or without LOOP)

Fans (OV103)
outlet dampers

Damper failure None. The dampers
are redundant and
are designed to fail
safe in the closed
position. When the
damper fails closeit trips and isolates
its associated fan
and the standby unit
automatically starts.

Alarm in the
control room

No loss of safety
function

Emergency (LOCA or
high chlorine gas
or radiation in
outside air with
or without LOOP)

Isolation dampers Damper failure
(HD-07802)
(HD-07824

None. Redundant iso- Damper position
lation dampers are in indication in the
series and are designed control room
to fail safe in the
closed position. Only
one damper is needed to
close and effectively
isolate.

No loss of safety
function



TABLE 9.4-18 (continued)

PLANT
OPERATING

MODE
SYSTEM

COiMPONENT

COMPONENT

FAILURE
MODE

EFFECT OF FAILURE
ON THE SYSTEM

FAILURE
MODE

DETECTION

EFFECT OF
FAILURE ON

PLANT OPERATION

Emergency (LOCA or
high chlorine or
radiation in
outside air with
or without LOOP)

Cooling coils Loss of cooling
coil due to leaks
or rupture

None. The redundant
full capacity unit
train is put into
operation

Eventual loss of
chilled water
alarm in the
control room

No loss of safety
function

Emergency (LOCA or
high chlorine or
radiation in
outside air with
or without LOOP)

Electric heating
coils

Failure of heating
coil

None. The electric
heating coils are
not required to
operate during
emergency operation.

Temperature
indicators at the
duct and in local
control panels

No loss of safety
function

Emergency (High
chlorine or
radiation in
outisde air or
Zone I, II or III
isolation signals
with or without
LOOP)

Isolation dampers Damper failure
between Units 1 6 2
(HD-07824)

None. The redundant
dampers are in
series and are
designed to fail
in the safe closed
positions

Damper position
indication in the
control room

No loss of safety
function
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TABLE 9.4-19

CONTROL ROOM & CONTROL STRUCTURE HVAC SYSTEMS
EMERGENCY OUTSIDE AIR SUPPLY SYSTEMS

FAILURE MODE AN EFFECT ANALYSIS

PLANT
OPERATING
MODE

Emergency

Emergency (High
outside air radiation
or Zones I, II or III
isolation signals)

SYSTEM
COMPONENT

Power SuPply

Fans (OV-101)

COMPONENT

FAILURE
MODE

Total loss of
offsite power (LOOP)

Loss of one fan

EFFECT OF FAILURE
ON THE SYSTEM

None. The systems are redundant
and are powered from separate
standby diesel generators.

None. The standby fan auto-
matically starts.

FAILURE
MODE

DETECTION

Alarm in the control
room

Alarm in the control
room

EFFECT OF
FAILURE ON

PLANT OPERATION

No loss of safety
function

No loss of safety
function

Emergency (High
chlorine in outside
air)

Fans (OV-101) Loss of one fan The systems operation during
this condition is strictly
manual. Therefore, the redundant
train can be manually started on
failure of the operating train.

Alarm in the control
room and fan status
indicating lights also
in the control room

No loss of safety
function

Emergency (High
outside air radiation
or Zones I, II or III
isolation signals)

Fan outlet dampers
(HD-07811)

Damper failure None. The dampers are designed
to fail close. When the damper
fails closed it trips its
associated train and isolates

-the entire filter train. The
standby train vill then
automatically start.

Alarm in the control
room

No loss of safety
function

Emergency (High
chlorine in outside
air)

Fan outlet dampers
(HD-07811)

Damper failure The systems operation during Alarm in the control
this condition is strictly room
manual. The dampers are designed
to fail closed. When the damper
fails closed it trips its
associated fan and isolate the
entire filter train. The
redundant train can be manually
started on failure of the operating
train.

No loss of safety
function

Emergency (High
outside air
radiation or Zones
I, II or III
isolation signals)

Emergency outside
air dampers (HD-07812,
HD-07814)

Damper failure These are tvo sets of redundant
dampers in parallel. Because
they are in parallel failure
of one does not affect the
system. These dampers are
designed to fail in the closed
position because they are used
for isolation during high chlorine
condition.

Damper position
indication in the
control room

No loss of safety
function
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TABLE 9.4-19 (CONTINUED

PLANT
OPERATING
MODE

Emergency (High
chlorine)

SYSTEM
COMPONENT

Emergency outside
air dampers (HD-07812,
HD-07814)

COMPONENT

FAILURE
MODE

Damper failure

EFFECT OF FAILURE
ON THE SYSTEM

None. These dampers are designed
to fail safe in the closed
position. This system can only be
manually operated during high
chlorine. Therefore, before
operation these dampers are
checked to make sure they are
fully closed.

FAILURE
MODE

DETECTION

Damper position in-
dication in the
control room

EFFECT OF
FAILURE ON

PLANT OPERATION

No loss of safety
function

Emergency (High
outside air
radiation or Zones
I, II or III isolation
signals)

Recirculation inlet
inlet dampers
(HD-07813)

Damper failure None. These dampers are designed
to fail closed and are required
to be closed during this mode
of operation.

Damper position
indication in the
control room

No loss of safety
function

Emergency (High
chlorine)

Emergency (High
radiation in
outside air or
Zones I, II or III
isolation signals)

Recirculation
inlet dampers
(HD-07813)

Electric
heating coil
(OE-143)

Damper failure

Heater failure

None. During this mode of
operation the system is manually
operated. If the damper fails
closed the train fails and a
fan failure due to loss of flow
is alarmed in the control room.
The redundant train can then be
manually started.

None. High temperature (pre-
ignition) is alarmed in the
control room. At a higher
temperature (ignition) the train
is tripped and isolated. The
standby train automatically
starts. When the heater fails (no
heat) the train is also tripped
and the standby train automat-
ically starts.

Fan failure alarm
and damper position
indication in the
control room

Alarms in the control
room (pre-ignition
and ignition temper-
atures)

No loss of safety
function

No loss of safety
function

Emergency (High
chlorine)

Electric
heating coil
(OE-143)

Heater failure None. Under this mode of
operation the train is
operated manually. High
temperature (pre-ignition)
is alarmed in the control
room. A higher temperature
(ignition) is also alarmed
in the control room. Ignition
temperature and loss of heaters
(no heat). trip the train.
The redundant train is then
manually started.

Alarms in the control
room

No loss of safety
function
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TABLE 9. 4-19 (CONTINUED

PLANT
OPERATING
MODE

SYSTEM
COMPONENT

COMPONENT

FAILURE
MODE

EFFECT OF FAILURE
ON THE SYSTEM

FAILURE
MODE

DETECTION

EFFECT OF
FAILURE ON

PLANT OPERATION

Emergency (High
radiation or
chlorine in outsi'de
air or Zones I, II
or III isolation
signals)

Prefilter,
downstream and
upstream HEPA filters

High differential
pressure across
any of these components

None. If any of these filters
is completely clogged, air flow
will be lost and the standby unit
will automatically start.

Local differential
pressure indicators.
Pressure differential
across the upstream
HEPA filter is recorded
and alarmed in the
control in compliance
with Regulatory Guide
1.52.

No loss of safety
function

Emergency (High
radiation in outside
air or Zones I, II orIII isolation signals)

Emergency (High
chlorine)

Charcoal absorbers
(OF-125)

Charcoal absorbers
(OF-125)

High temperature
(ignition temperature)

High temperature
(ignition temperature)

None. Pre-ignition temperature
is alarmed in the control room.
At a higher temperature
(ignition) the fire protection
deluge water valves are opened,
the whole train is tripped &

isolated and the standby train
automatically starts.

None. Under this mode of operation
the train is operated manually.
Pre-ignition temperature is
alarmed in the control room.
At a higher ignition temperature
the train is tripped and isolated
and alarmed in the control room.
The redundant train can then be
manually operated.

Pre-ignition and
ignition temperature
alarms in the control
roo'm

Pre-ignition and
ignition alarms in the
control room

No loss of safety
function

No loss of safety
function

Emergency (High
chlorine or radiation
in outside air or
Zones I, II or III
isolation signals)

Q-listed fire
protection backup
deluge water valve
(TV-07813)

Valve failure None. These values are designed
to fail closed and are used to
backup the non-seismically
qualified deluge valves.

Alarm in the contorl
room

No loss of safety
function
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10,-4 0TH ER FEATURES OF TH E STEAiX AND POMEQ CONVERSION SYSTEM

10 4~ -1. HAIN CONDENSER

10. 4 ~ 1.. 1 Design Bases

The main condenser has no safety-related function and is designed
to

1) Condense and deaerate the exhaust steam from the main
turbine and reactor feed pump turbines.

2) Accept and deaerate the drains from the feedwater
heaters and other components in the heat cycle.

3) Serve as a heat sink for the turbine bypass steam,
extraction steamline dump drains and heat cycle relief
valve discharges.

4) Retain for a minimum of two minutes the condensate
formed during full load operation to allow radioactive
decay prior to returning the condensate to the cycle.

10 4 1.2 Description

The main condenser is a triple-pressure deaerating type
comprising three (3) separate shells, one Low Pressure (LP), one
Intermediate Pressure (IP) and one High Pressure (HP) . Each of
these shells is connected to the exhaust of one of the three low
pressure turbines by a rubber expansion joint which is secured
between two steel frames, one being welded to the turbine exhaust
and the other to the condenser. The condensers are provided with
deaerating hotwells which remove air plus hydrogen and oxygen
formed in the turbine steam due to the disassociation of water in
the "eac tor.
These non-condensible gases are concentrated in the.air cooling
sections of the condensers, where tney are removed by the steam
jet air ejector and discharged to the gaseous radwaste system.
(See Subsection 10. 4. 2)

The steam exhausted to the condenser is condensed by water whichis circulated through the condenser tubes by pumps which take
their suction from the cooling tower basin (see Subsection
10 4.5) .

10 4-1
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The oxygen content of the condensate wi,ll not exceed 0.005 cc/l
as measured at the discharge of the condensate pumps with an air
in leakage of up to 75 cfm. Design parameters for the condensers
are shown in Table 10.4-1. The condenser is designed and built
to the standards of the Heat Exchange Institute and the
manufacturer's standard practice.

10. 4. 1. 3 Sa fe~t Evaluation

The main condensers are not required either to support the safe
shutdown of the reactor or'to perform in the operation of any
reactor safety fea tures.

The anticipated inventory of radioactive contaminants during both
operation and shutdown is discussed in Sections 11.1 and 11.3.
The shielding and controlled access arrangement for the main
condensers is described in Section 12.3.

10.4. 1.3.1 Radioactive Gases

Under normal operation, these gases are removed by the air
ejector and delivered to the gaseous radwaste system. To prevent
unacceptable accidental releases of radioactivity to the
environment, the ventilation system maintains a slight vacuum in
the condenser area. Any radioactive gases which leak out of the
condenser are removed by the ventilation system and processed
through charcoal filters before being vented out of the turbine
building stack. Any hydrogen which accumulates in the condenser
durinq operation is removed as described in Subsection 10.4. 1.2.
There vill be no significant buildup of hydrogen in the main
condenser during shutdown as it vill be isolated from potential
sources of hydrogen.

10.4. 1 3 2 Condenser Leakage

If one or more condenser tubes develop leaks or if a tube to
tubesheet joint fails, the circulating water will be forced into
the condensate, thus raising its conductivity. To detect this
condition, conductivity cells are installed in the condenser
hotwell and in tubesheets which alarm if the conductivity rises
above acceptable limits.
The water boxes and crossover piping are made of carbon steel and
designed for a pressure of 90 psig with a l/8" corrosion
allowance. A system of cathodic protection can be added if it is
deemed necessary at a later time. The condenser tubes, baffles,
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distribution headers, impingement plates, spray pipes, etc., are
type 304 stainless steel.
All hiqh-velocity or flashing steam-and-water mixtures such as
drains, dumps and turbine bypass blovdovn connections are
provided with suitable type 304SS impingement .baffles and/or
perforated distribution pipes to prevent tube erosion and
preclude cutting of structural members.

10.a. 1.3. 3 Circulating Water Wg~mtem Wu ture

The presence of any water accumulation in the condenser area is
detected by level switches which are mounted on the shielding
wall at various points around its perimeter.

These switches vill alarm in the control room. Since remedial
action is dependent on the rate of increasing water level, analog
level rate measurement is provided. This indication will provide
the operator with sufficient information to determine if an
orderly unit shutdown is possible.

The flooding caused by a major leak such as the complete rupture
of a rubber expansion joint vill be contained within the concrete
shielding walls vhich surround the condenser area and which are
designed to withstand the possible 20 feet of differential water
pressure they could experience in the event'of a major rupture.

The doors which provide access through the shielding walls are
watertight, and, in addition, minimum clearances are provided
around penetrations through the walls so as to limit the quantity
of water leakinq out of the condenser area in the event that it
becomes flooded. During a major rupture of an expansion joint,
the water could rise from the condenser area floor at el. 656 to
'grade at el. 676, at which level it will spill out through the
doors. There is no safety related equipment in the Turbine
Building below grade and there are no penetrations below grade
between the turbine building and the Reactor Building. Regular
inspections vill be made of all the rubber expansion joints in an
effort to detect any signs of deterioration which could lead to a
major rupture, and any time the system is subjected to a major
transient, an additional inspection will be made.

The level instruments will be tested on a regular basis to ensure
that they are in good vorking order. If the hotwell of the
condenser ruptured, the 100,000 gallons of condensate released
would flood the condenser area to a depth of 18 inches. However,
neither a major rupture of the circulating vater system nor a
rupture of the condenser hotwell will have any effect on any
safety-related system since no safety-related systems are located
within this area.
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10. 4. 1. 4 Tests and Inspections

The steam side of each condenser vi3.1 be hydrostatically tested
in the field by completely filling each shell with vater and
inspecting all accessible welds and surfaces for leakage and/or
excessive deflection.
The circulatinq water side of each condenser vill be
hydrostatically tested in the field to a pressure of 95 psig, and
all joints and surfaces vill be inspected for leaks. The tube to
tube sheet joints will also be inspected for leaks at this time.
Xn addition, all the tubes will be subjected to a pneumatic test
at 150 psig minimum and nondestructively tested by the eddy
current method in accordance with ASTM Standards A249 and A450.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

10. 4. 1. 5 Controls and Instrumentation

10. 4 1.5 1 Condenser

To determine that the condenser does not exceed recommended
pressures while it is in operation, pressure switches are
installed vhich alarm at 24.2 inches Hg vacuum and trip the
turbine at 21. 7 inches Hq vacuum. In addition, separate switches
are installed which close to prevent the bypass valves from
openinq if the vacuum in the condenser is low. They will remain
closed until the vacuum exceeds the switch setting by 1 inch Hg.
These switches are set at 7 inches Hq vacuum.

The accuracy of all the switches referred to above is t1/2
percent. To ensure that the level of the condensate in the
hotwell remains within acceptable limits, level transmitters are
installed which regulate two sets of makeup and reject control
valves to maintain the hotvell level The 4-inch makeup and 3-
inch reject valves regulate the flow of condensate between the
condenser and the condensate storage tanks during normal steady
state operation and small transients. During large transients in
the system, the regulation of the condensate flow between the
condenser and the condensate storage tanks is transferred to the
12-inch makeup and 8-inch reject control valves, respectively.
Pressure switches are provided to trip the MSIV's closed in the
event that condenser pressure rises to approximately 21 inches
Hq.

Motor operated bypass valves are provided for both the make up
and reject control valves. If either or both of these control
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valves fail the make up and/or .reject flow.vill,be regulated
remote manually by hand. switches in the control,, room. A high-low
level switch .is .provided to alert the control- room operator of
abnormal hot well levels.
10.4.1.5~conaenaate Contaa|nat on

NIf any condenser tubes develop leaks at the tubesheets, a leakage
collection trough 'under. each tube sheet and a conductivity cell
associated with each trough will detect this leakage and alarm
locally and in t'e control room.

Condenser tube rapture is detected by conductivity cells located
in the lower tray of each.,condenser These cells also alarm
.locally and in the control room.

The lain Condenser Evacuation system has no safety-related
function and is designed to:

a) Establish vacuum on the condenser during startup

c)

Remove the noncondensible gases from the main condenser
and discharge them to the gaseous radioactive waste
system

Condense any steam removed from the condenser with the
noncondensible gases and return the condensate to the
condenser

0~+ S stem Desc tion

The major components of the main condenser evacuation system are
a mechanical vacuum pump and steam jet air ejectors These
function as follows:

g~gcnical Vacuum Pu~=- The mechanical vacuum pump is used
daring startup to establish vacuum in the condenser,. once the
turbine glands have been. sealed with clean steam and to discharge
the air drawn from the condenser to atmosphere through. the plant
ventilation stack.
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The mechanical vacuum pump and its suction valve are operated
remotely from the control room. The suction valve is
automatically closed'pon a main steam high radiation signal. The
pump is shutdown on high radiation or lov seal water flov to the
pump. A water separator removes the vater droplets from the
noncondensible gases .before discharging them to atmosphere.

The capacity of the vacuum pump is 4000 scfm and it is designed
to evacuate the main condenser to 5 inches Hg Absolute in 95
min utes.

!

Since the pump components are manufacturer's standard items, they
are not ordered per a specific ASTH, ANSX or ASME code or
standard

Steam Jet Air Ejectors~SJA+E — Once vacuum has been established
by the mechanical vacuum pump, the steam jet air ejector is
placed in service to maintain vacuum and the mechanical vacuum
pump is shut down. The air ejector is a full capacity 2-stage
unit with four 25 percent capacity first stage ejectors and one
,.full capacity second-stage ejector with a rated capacity at 130oF
and 14.7 psia of 75 scfm air, 150 scfm hydrogen and 80 scfm
oxyge n.

The four first-stage steam jet ejectors continously remove
noncondensible gases and some steam from the condenser and
discharge them to the intercondenser vhere the carryo'ver steam is
condensed and returned to the condenser. The gases are then
removed from the intercondenser by the second-stage ejector and
discharged to the gaseous radioactive waste system together vith
the second-stage ejector motive steam. This steam and gas
mixture eliminates 'the possibility of an explosion in the line
even though a mixture rich in hydrogen-is present. The ejectors
require motive steam at 110 psig to operate. This is obtained
either from main steam, vhich is nominally at 950 psig and must
therefore be reduced in pressuze through pressure reducing
valves, or from steam produced by the auxiliary boilers through a
separate control valve. There are tvo redundant pressure-
reducing valves, either of which can be used to provide motive
steam. Steam for additional off-gas dilution is provided in a
bypass piping loop azound the second stage air ejector. Control
is provided by two full capacity parallel flov control loops.
The controls are designed to provide an effluent hydrogen
concentration of approximately 4% by volume at 100% rated reactor
power vhich maintains the downstream equipment within the
equipment design temperature limits. Upon a reduction of
approximately 105 of the required steam flow, the first stage air
ejectoz gas inlet valves close.

Condensate taken from the 'condenser hotwell by the condensate
pumps and discharged to the condensate system is used as the
cooling medium for the air ejector intezcondenser
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Both stages of air ejectors have nominal pressure ratings of 15
psig The intercondenser has a pressure rating of 50 psig. An
intercondenser relief valve is provided and is set to relieve
full flow at 16 5 psig. Based on B31.1 allowable stresses and
maximum allowable pressure equations, the first stage ejectors
are designed for 280 psig and the second stage ejector for 250
psig. The first stage ejectors and intercondenser operate at
less than l0 psia The second stage e jectors operate between 10
psia and 2 psig.

The intercondenser is manufactured to Section VIII of the ASME
Boiler and Pressure Vessel Code. The complete system is shown on
Figure 10. 4-9.

10 4 2 3 - Safet~Evaluation

The noncondensible gases in the main condenser are removed by the
air ejectors and delivered, to the gaseous radioactive waste
system. These gases normally include the following: nitrogen-
16, oxygen-19 and nitrogen-13, plus the radioactive noble gas
parents of strontium-89, strontium-90 and cesium-137. The
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largest contribution to the main condenser~s off-gas activity
will come from the nitrogen-16 source.

For an evaluation of ~ radioactive contaminants in the effluent
from the steam jet air e jectors and the associated doses, see
Section 11. 3.

10 4~/.4 Tests and Inspections

All tests and inspections for the air ejectors and the
intercondenser are in accordance with Section VIXI of the ASIDE

Boiler and Pressure Vessel Code.

The vacuum pumps were tested as completely assembled units.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

10.4.$ -5 Controls and- Instrumentation

Both the steam jet air ejectors and the mechanical vacuum pump
are controlled remotely from the control room. To put the air
ejectors into service, the motive steam inlet and discharge
valves for the secondary ejector must be opened first. This
action allows the primary ejectors steam isolating valve to be
opened which in turn provides the permissives to allow the main
steam isolating valves, the pressure-reducing valves and the air
removal isolating valves to be opened. This sequence of
operation prevents the intercondenser from being overpressurized.

The noncondensible gases in the outlet line from the
intercondenser are monitored by a pressure .transmitter and a
temperature transmitter both of which read out in the control
room. Zn addition, a pressure switch is provided which on high
pressure in the line alarms on a local panel and indicates as a
trouble alarm in the control room. The discharge. line from the
secondary ejector is provided with a pressure tansmitter which
reads out in the control room and a pressure switch which on high
pressure indicates. as a trouble alarm in the control room.

The pressure in the motive steamline to. both.the primary ejector
and secondary ejector is sensed by a pressure switch which alarms
on high pressure at a local panel and indicated in the control
room as a trouble alarm. A pressure indicator in the control
room also monitors the steam supply.

The vacuum pump, the seal water pump and the air suction valve
are all operated from a common handswitch in the control room.
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SSES-FSAH

When this switch is energized the seal water pump starts and theair suction valve opens. After 150 seconds the vacuum pump
starts providing the flow switch in the seal water supply to the
vacuum pump indicates there is sufficient flow.

A flow svitch is located in the line supplying seal vater to the
vacuum pump from the seal water cooler. This switch trips the
pump in the event of low seal water flow to the pump.

Both the steam jet air e jectors and the mechanical pump vill be
shut down automatically on receipt of a main steam high radiation
siqna1.

10 4 3 STEAN SEAL SYSTEN

10. 4. 3. 1 Design Bases

The steam seal system has no safety-related function and is
designed to provide a continuous supply of clean (nonradioactive)
steam to main turbine snaft seals, the stem packings of the stop
valves. control valves, combined intermediate valves and bypass
valves, the shaft seals of the reactor feed pump turbines and the
stem packinq of the reactor feed pump turbines, stop and control
valves.

The purpose of this sealinq steam is to prevent air leaking into
the cycle and radioactive steam leaking out of the cycle into the
Turbine Building.
The steam seal evaporator, in which the clean steam is generated,
is desiqned. fabricated, tested and stamped in accordance vith
Section VIII of the ASIDE Boiler and Pressure Vessel. Code. The
steam seal system piping material is carbon steel and is
equivalent to-ASTll A106 Grade 8, ANSI 831.1.

10. 4. 3. 2 Descr iot ion

The clean (nonradioactive) steam for the seals is generated in
the steam seal evaporator by heatinq condensate with radioactive
steam The evaporator is a horizons.al shell and U-tube heat .,
exchanqer in which the radioactive steam is passed through the U-
tube bundle which is totally immersed in condensate. The
condensate foz the evaporatoz is taken from the condensate system
from a point downstream of the condensate demineralizer, and the,
radioactive heatinq steam is taken either from a main streamline
or from the extraction steamline to heaters 1-3A, 1-3B and 1-3C.
A backup source of sealinq steam is available from" the auxiliary
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boilers. For more detail on the operation of these various steam
sources, see subsection 10.4.3.5.

The sealinq function is provided by supplying nonradioactive
steam at 19 psia to the turbine shaf t seals and various valve
stems. Of the sealing steam entering the turbine shaft seals,
some leaks inward towards the turbine, but some leaks towards the
outside, where it enters a vent annulus which is maintained at a
sliqht vacuum (about 5 inches of water) by the steam packing
exhauster. A small amount of air is drawn into this vent annulus
from the outside, and this air, together with the nonradioactive
sealinq steam, is drawn to the steam'acking exhauster where the
steam is condensed and returned to the condenser The cooling
medium for condensinq the steam is condensate in the main
feedwater system. The saturated air is discharged by the
exhauster to the Tuxbine Building vent. With this arrangement,
all radioactive steam is completely contained within the turbine
loop.

10.4.$ ;3 Safety =/valuation
4

The. clean steam seal system is designed to provide the xequired
quantity of sealing steam under all modes of operation. The
individual components of the system have been designed to ensure
as fax a possible that the saturated air going to the steam
packing exhauster is nonradioactive. In the event of a failure
in the steam seal system, an alternate source of clean sealing
steam is the auxiliary boilers. Therefore, there is no
radioactive leakage path to the environment. Steam from these
boilers will be fed directly into the steam seal supply header
after its pressure is reduced to 19 psia by a pressure reducing
valve.

Protection against overpressure is provided for both the heating
steam (tube) side and the condensate (shell) side of the
evaporator by the installation of relief valves. Similarly, the
steam seal supply header is protected against overpressure by
relief valves. All these relief valves discharge to the main
condensers.

The steam packing exhauster condenser is provided with tvo full-
capacity exhausters, which are moun ted on the condenser so that
there will be a backup exhauster for the one vhich is operating.

10.4~/~4 Tests and Inspections

The steam seal evaporator is fabricated and tested to Section
VIII, 'Division I of the ASliE Boiler and Pressure Vessel Code.
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The pipinq furnished by,the Owner is inspected and tested in
accordance with ANSI B31. 1 and the piping furnished by the
turbine vendor, General Electric, is inspected and tested in
accordance with their own standards

Both the shell side and the tube side of the steam packing
exhauster condenser are hydrostatically tested to 1.5 times their
design pressure.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

10. 4. $ . 5 Controls and 'Instrumentation

gyapogatog /team Ikeating System — During low load operation
(staztup and shutdown), the heatinq steam for the steam seal
evaporator is taken from the main steam lines ahead of the
turbine stop valves. Its pressure is reduced by throttling the
two evaporator steam feed valves which are 4 inches and 8 inches,
respectively. Mith main steam pressures of 25 percent or more of
rated pressure, 965 psia, the 4-inch requlating valve will
automatically supply suf f icient heating steam to the evaporator
to generate the reguired flow of clean sealing steam to seal the
shaf t packinqs when these packinqs have normal clearances. Mit'h
very .low main steam pressures or, worn packings, the 8 inch
requlatinq valve automatically operates .in parallel with the 4
inch valve to provide the additional heating steam required to
produce the required clean steam seal. flow in the evaporator. As
the load on the. turbine increases, extraction steam pressure also
increases and when it is approximately 5 psi higher. than the main
steam pressure downstream of the requlatinq valves a differential
nressure switch actuates and allows the BTU's in the extraction
steamline to open and supply heatinq steam to the steam seal
evaporator. Both requlatinq valves fail open on loss of supplyair and if.a failure occurs, the evaporator can be controlled
from the control room manually by throttling a motor operated
valve for a short time, until the;- air supply can be reestablished
or the auxiliary steam supply can be put into service.
Eyapogatog Feed Mater System — The level of condensate in the
evaporator is maintained within the required limits by a control
valve, the operation of which is regulated by signals from a
remote proportional controller. In addition to this control
valve, the evaporator feedwater isolating valve, which is
.normally open, and the evaporato- feedwater bypass valve, which
is normally closed, can be used to control the flow of condensate
to the evaporator if the automatic con trol system malfunctions.
The automatic con" rol system is monitored by the evaporator low
level and hiqh level alarm. In, addition, a high level. switch
closes the evaporator feedwater .isolation valve. The operation
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of all isolation and bypass valves is performed by hand svitches
located in the control room. The appropriate alarms and level
indicators read out in the control room.

Steam Seal Header — The clean sealing steam generated in the
evaporator enters the steam seal supply header through the
pressure control valve which is set to maintain the pre sure of
the sealinq steam at, about 4 psig (19 psia) . Redundancy for this
pressure control valve is provided by a motor operated bypass
valve which would be regulated manually from the control room to
maintain the pressure of the sealing steam if the pressure
control valve fails.
A pressure transmitter in the steam seal header vhich reads out
in the control room will indicate to the operator vhen to adjust
the bypass valve. The steam seal header is also provided with a
high-low pressure switch which alarms in the control room

If there should be a malfunction in the primary steam seal supply
system which causes the pressure in the steam seal header to
drop, a pressure switch will open the isolatinq valve and admit
auxiliary steam to the steam seal header at 4 psig. This
pressure is regulated automatically by another pressure control
valve located in the auxiliary steamline.

Evaporator Drain System — The heatinq steam to the evaporator
condenses in the tube bundle and collects in the evaporator drain
tank. Under normal operation, the low level controller positions
the level control valve to regulate the drain flow to feedwater
heaters 2A ~ 2B and 2C and maintain the drain tank level. If for
any reason the flow cannot be handled by this primary drain
system and the level in the drain tank continues to rise, the
high level controller will open a second level control valve
vhich vill allow the excess drains to flov to the high pressure
condenser, thereby restoring the level in the drain tank to
normal.

Xn addition to the level controllers, the drain tank is provided
with low and hiqh level switches which -alarm in the control room.

10 4 4 TURBINE BYPASS SYSTEM

10.4. 4. 1 Design Base@

The turbine bypass system has no safety-related functions.

The turbine bypass system is desiqned to bypass main steam
directly to the condenser to control the pressure in the reactor
during the following modes of operation;
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1) Reactor vessel heat up to rated pressure and subsequent
cooldown.

2) Turbine run up and run down.

3) Power operation when the guantity of steam generated by
the reactor exceeds that required 3y the turbine.

The piping which connects the main steamlines to the inlet of the
bypass valve ches". is designed in accordance with ASME SectionIII Class 2 requirements and the piping connecting the discharge
of. the bypass valves to the condensers is designed to ANSI B31. 1

The bypass valves are required to have regulation capability and
a fast-opening response approximately equivalent to the fast
closure of the turbine stop and control valves.

!
The bypass values are designed to GEis nuclear standards.

10.4.4.2 ~S stem Desc~ri tion

The turbine bypass system Figure 10.4-1 consists of:

a) Bypass valves

b) Piping between the main steamlines and the bypass valve
inle ts

c) Piping between the discharges of the bypass valves and
the condensers

d) Pressure reducer assemblies.

The bypass valve chest consists of five separate bypass control
valves mounted in individual ccmpartments of a common valve
chest. The valves are globe type with the stems arranged so that
they reach the outside of the chest through the discharge chamber
of the respective valve. This minimizes leakage when the valves
are closed since it is necessary only to seal the stem against
condenser vacuum. The valves open sequentially. When used
durinq normal start up and shutdown only the No. 1 and No. 2
bypass valves are used. However, in the event of a full load
rejection, such as would'ccur if the generator circuit breaker
opened, it is necessary that all 5 valves open to bypass 25
percent of the turbine valves wide open flow, which is the
maximum design flow of the bypass valves.

Bypass steam flows from the main steamlines through a 24 inch
header which is upstream of the bypass valves, divides into two
18 inch headers each of which is connected to the valve chest at
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opposite ends. The dis'charge connections of the bypass valves
are piped individually to the condensers in 10» lines and, in
order to,reduce the pressure at which the bypassed steam enters
the respective condenser, a pressure reducer assembly is
installed in each bypass valve discharge line. The pressure
reducing assembly consists of a fabricated piece of pipe 6 feet
long which, increases in size over its length from 10 inch nominal
pipe size at the inlet end to 18 inch nominal pipe size at the
outlet. This assembly contains four pressure breakdown plates
a lo ng its length.
The condensers are designed to accommodate the maximum turbine
bypass flow (3,711,000 lb/hr total), which is reduced to 250 psig
at 1191.5 BTU/Hr through the pressure breakdown assemblies,
without increasing the turbine backpressure to the turbine trip
setting of 7" Hga. The backpressure vill exceed the design
backpressure of 5" Hga for an estimated 30 seconds maximum with a
peak of 6 1» Hga. The bypass flow enters the condenser below the
tube bundle to assure steam desuperheating and prevent steam at
1500P from reaching the turbine.

1 0. 4. 4. 3 Sa fet' val ua tion

Mith 7 inches HgA and vacuum decreasing in the condenser, the
bypass valve vacuum trip pressure switches vill close to prevent
the bypass valves from opening. These pressure switches will
remain closed until the vacuum exceeds the bypass valve trip
setting {7" HgA) by 1 inch {6" HgA) . At this time the circuit
automatically resets and permits the bypass valves to open.

There are no safety related components in the vicinity of the
bypass piping. A high energy line failure in the turbine bypass
system could cause a trip of the main turbine either due to high
condenser pressure because of increased air in leakage at the
break or a possible break of EHC system piping due to steam
impingement. Loss of EHC cannot cause overspeed but may cause
trip.
Failure of t'e bypass valves to open for any reason, such as a
mechanical malfunction or insufficient vacuum in the condenser,
will cause the pressure in the reactor to increase, ultimately
scramming the reactor and lifting the safety relief valves which
discharge the excess steam to the suppression pool. A bypass
system failure will have no adverse effect on a safety related
components or systems.

The effect of such a situation on the reactor coolant system is
described in Chapter 15.
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10.4.4 4 Tests and En~sections

The piping upstream of the bypass valve chest, which connects the
main steamlines to the bypass va'lve inlets, is inspected and
tested according to ASME Section III, Class 2. The piping
downstream of the bypass valve chest, which connects the
discharge of each bypass valve individually to the respective
condenser nozzle, is inspected and tested according to ANSI
B31. 1.

Each pressure reducer assembly is hydrostatically tested to
1400 psig by General Electric.
During normal plant operation each bypass valve can be tested
from controls on the EHC panel in the control room to ensure it
is functioning correctly.
The system will be preoperationally tested in accordance with the
requirements of Chapter 14.

10. 4.4 5 Controls and Instrumentation

Controls and valves are designed so that the bypass valves steam
flow is shut off if the control system loses its electric power
or hydraulic system pressure. For testing the bypass valves
during operation, the stroke time of the individual valves is
increased during testing to limit the rate of bypass flow
increase and decrease to approximately 1% second of reactor rated
flow.

Upon turbine trip or generator load rejection, the start of the
bypass valve steam flow will not be delayed more than 0. 1 second
after the start of the stop valve or the control valve fast
closure motion. A minimum of 80% of the rated bypass capacitywill be established within 0.3 second after, the start of the stop
valve or the control valve closure motion For more detail,
refer to Subsection 7.7.l.5.

10.4 5 CIRCULATING WATER SYSTEM

10. 4. 5. 1 Design Bases

The circulating water system has no safety-related functions and
is designed to remove the latent heat from the main condenser and
sensible heat from the service water system and dissipate both in

.a hyperbolic natural draft cooling tower.
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Heat load from main condenser
Heat load from service water system
Total heat load for which Cooling

Tover is designed

= 7.89x10~ BTU/Hr
0. 18x10~ BTU/Hr

8.07x10~ BTU/Hr

The circulating water system con'sists generally of the fo3.loving
major components.

a) 1 — Cooling Tower rated to remove a heat load of
8. 07x10~ Btu/Hr

b) 4 — 25% capacity circulating water pumps each rated
112,000 gpm at 100 ft head.

c) 1 — Condenser Tube Cleaning System comprising

2 — Ball strainer sections
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4 — Ball circulatinq pumps each rated 260 gpm
at 65ft head

Ball collecting baskets

16 — Ball injection nozzels

2 — Control Panels

d) Pipinq, valves, controls and instrumentation.

Circulatinq water from the cold water outlet of- the cooling tower
basin is delivered to the suctions of the four circulate.ng water
pumps throuqh two 108 inch diameter pipes. Bach of these pipes
supply one oair of pump=. Bach pai" of pumps discharge to a 96
inch header and the two 96 inch headers are run undergrounD into
the condense: area. Here each of these headers divides into two
78 inch lines one pair beinq connected to the A and B quadrants
and the other to the C and D quadrants circulating water inlet
connections of the. Low Pressure (LP) Condenser. The circulating
water discharqinq from the LP condenser flows into the
Intermediate Pressure (IP) Condense" and subsequently to the High
Pressure (HP) Condenser in series. From the discharge of the HP

Condenser each pair of 78 inch lines is combined into one of two
96 inch headers which return the circulating water to the cooling
tower.

The circulatinq water pumps a e the horizontal centrifical type
and driven by electric motors. motorized butterfly valves are
provided in the suction and discharqe of each pump so that the
pump can be isolated if necessary motorized butterfly valves
are also provided in each of the 78 inch circulatinq water lines,
one at the inlet to the LP Condenser and another at the outlet
from the HP Condenser. These permit any of the four guadrants on
the circulatinq water side (tube .ide) of the condensers to be
isolated in the event of tube leakaqe. Rubber expansion joints
are provided at the suction and discharqe of each circulating
water pump and at the inlet arid outlet connections of each of the
t hree co nden se r s.

The condenser tube cleaninq system is built into the circulating
water system. It operates by injectinq foam rubber balls, whose
diameter is sliqhtly larger than that of the tubes, into the four
CW lines entering the LP Condonser. The flow of water drives
these balls throuqh the tubes of each condenser in turn and since
they are larqer in diameter than ~he tubes they scour the inside
of the tubes 8 keep them free of alqae, etc. The balls emerge in
the CM lines at the outlet from t.he HP Condenser and they are
collected in full flow strainers which are installed in the 96
inch Crl discharqe lines.
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Recirculation pumps draw off the balls from the strainers
toqether vith a small quantity of vater and rein ject them back
into the LP Condenser inlet. The strainers automatically reverse
for backvashinq on high pressure drop„across the strainer.
However. before backvashing is started the balls are removed from
service automatically and qathe ed in specially designed ball
collectors.
The circulatinq water is chlorinated to prevent the formation of
biological growth. Sulfuric acid, is added to the, system on an
intermittent basis to control pH.

Hater lost rrom the system due to evaporation and drift from the
coolinq tover is replenished by water pumped from the Susquehanna
River by the make up pumps.

The service water'system is described in Subsection 9.2.1.

10.4. 5.3 Sa fety Rvaluation

The potential for floodinq due to an expansion joint rupture is
discussed in Subsection 10.4.1.

The openinq and closinq times of the circulatinq pump discharge
valves have been arranged to minimize system transients when a
pump is started. On loss of one, of the four circulating water
pumps the turbine load will be automatically set back to
aoproximately 60% of that for the VNO condition.

S

Failure of the coolinq tovers vill not affect any safety-related
systems.

10.4. 5 4 Te~ts and Inspections

The condenser is tested as described in Subsection 10.4.1 3. The
pumps, butterfly valves, expansion joints and tube cleaning
s'stem are all tested by thei" respective manufactures prior to
shipment.

Hydrostatic and leakaqe tests are performed on the circulating
water pi Pe in accordance vith AHMA standards

t

The system will be preoperationally tested in accordance vith the
requirements of Chapter 14.
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c). Fission and activation products that are entrained in
reactor steam and retained in condensate leaving the
hotwell

d) Solids carried into the condenser by makeup water'nd
miscellaneous drains.

The system design is based on the influent concentrations given
in Table 10,4-2.

At 4800 gpm per vessel, and with the influent quality listed in
Table 10.4-2, the ion exchangers effluent will not exceed the
following quality:

a) Conductivity at 25 C

b) pH at 2S C

c) . Silica (Si02 )
d) Iron, total (Fe)
e) Copper'(Cu)
f) Nickel (Ni)
g) 'hloride (Cl)
h) Total metallic impurities*

O.l micromho/cm
6.5 to 7.5
.5 ppb
5 ppb
2 ppb
2 ppb
1 ppb
9 ppb

*Total metallic residue retained on a
0.45 micron film filter.

Piping is furnished in accordance with ANSI B3l.1.0. Pressure
vessels that fall within the jurisdiction of AShfE Section VIII
are furnished in accordance with that Code.

The design pressure of the condensate demineralizer system is 740
psig at 150'F, which is above the shut-off head of the condensate

,pumps.

10.4.6.2 S stem De~seri tioe

The condensate demineralizer system „(Figure 10.4-2) is designed
to purify condensate continuously at 131'F and S50 psig at a flow
rate of 28,800 gpm, Each demineralizer vesse] has a flow
capacity of 4,800 gpm and is capable of operating at flow rates
up 5,760 gpm for short periods.

10.4,6,2.1 Condensate Demineralizer S stem

The condensate demineralizer system consists of a battery of
seven ion exchangers, each containing a bed of mixed resin in the
proportion of two parts cation resin to one part anion resin by

Rev. 15, 4/80 10. 4- 18
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volume. Six exchangers are in service at one time during normal
conditions. The seventh exchanger is held on standby for
replacement of an inservice'nit at the end of its service run
and in the event of an abnormal condenser leak. The condensate
demineralizers are piped dire" tly into the feedwater cycle and
receive condensate under pressure from the condensate pumps.

Regeneration of a specific demineralizer unit occurs when one of
three endpoints is reached:

1. Total flow through a unit reaches a preset limit
(130,000,000 gallons),
Pressure drop across a unit reaches a preset limit (50
PSID from inlet header to outlet header),

3 Conductivity measurements at the outlet of each unit reach
a preset level (0.1 p mhos/cm) .

Based on a total throughput of 130,000,000 gallons, regeneration
frequency is approximately every 19 days for each resin baD based
on influent quality listed in Table 10.4-2 at full load.

These endpoints have been chosen in order that each resin bed be
taken out of service prior to reaching an unacceptable level of
operation. Xn particular, the conductivity measurements provide
indication that a specific bed may be ionically exhausted in
order that it may be regenerated before an u'nacceptable level of
overall condensate water quality is reached.

The control room alarm setpoint for the outlet of each
demineralizer vessel, indicating resin bed exhaustion, is 0.1p
mho/cm as is the control room alarm setpoint for the condensate
effluent header. Condensate influent to the Demineralizers is
alarmed in the control room at 0. 2 p mhos/cm "ondu™tivity.
The resin beDs are transferreD from the ion exchangers to the
external reqeneration system for cleaning and chemical
regeneration. A spare charge of resins is hald in the external
regeneration system for immediate replacement of an exhausted bed
in an ion exchanger so that the ex"hanger may be made available
promptly for replacement of another exhausteD exchanger.

10.4.6.2.2 External Regeneration System

The system provided for cleaning and chemical regeneration of the
resins used in the condensate demineralizer is shown in Picture10.4-3. It consists essentially of three vessels: a cation, an
anion, and a. resin storage tank. The cation tank also serves as
a resin receiving, resin cleaning, and resin separation tank,

10. 4-19
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through which exhausted resins are transferred from the ion
exchanger to the regeneration system. Interlocks are provided 80
that an off-line demineralizer cannot detect condensate pressure
unless it is isolated from the external regeneration system. In
addition, an isolation valve in the resin transfer line will
automatically close if high pressure occurs in that line. The
regeneration system is designed for 75 psig and 150'F.

The removal of crud accumulation on the resins is accomplished by
a cycle of draining, air backwashing, and rinsing in the cation
tank. The regeneration system is designed for use with an
ultrasonic resin cleaner and space and connections are provided
so that one may be added later. The cleaned resins are
transferred back to the original ion exchange vessel for further
ion exchange.

Resins in need of complete regeneration are transferred to the
cation regeneration tank and cleaned as described in the
preceding paragraph. The anion and cation resins are then
separated by backwashing before the anions are transferred to the
anion regeneration tank. At the end of regeneration the resins
are mixed and stored in the resin storage tank.

10.4.6.2.3 Acid and Caustic Dilution S stems

Solutions of acid and caustic required for regeneration of cation
and anion resins are prepared by in-line dilution of 66 degree
Baume'ulfuric acid and 50 percent sodium hydroxide pumped from
bulk storage tanks below the regeneration equipment.

Approximately 5-1/2 percent concentration of acid solution is
required to regenerate the cation resins. The strong acid is
mixed in a mixing tee with clean condensate as needed. Water is
supplied at a constant rate by condensate transfer pumps through
a pressure control valve.

Approximately 5-1/2 percent concentration of caustic at 120'F is
required to regenerate the anion resins. Strong caustic. is mixed
with dilution water at 120'F in a mixing tee as needed. Dilution
water is produced by blending 180'F water from the caustic
dilution hot water tank with cool water.

10.4.6.2.4 Waste S stem

Three types of ~astes are segregated from the regeneration waste
discharge. These are: high conductivity, low conductivity and
low solids content, and low conductivity and high solids content.

Rev. 25, 7/81 10.4-20
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High conductivity wastewater {conductivity above 100 micromhos)is channeled to the chemical waste neutralizer tanks where it isneutralized and pumped to the radwaste evaporators fordistillation. Low conductivity condensate from this pro"ess is
returned to the condensate storage tank.

Low conductivity, low solids wastewater is channeled to theturbine buildings outer area sump where it is pumped to theliquid radwaste collection tanks.

Low conductivity, high solids wastewater (greater than 3 JTU) is
channeled to the regeneration waste surge tanks. The tanks are
designed with cone bottoms. Prom there the wastewater is pumpedat 35 qpm to the waste sludge phase separator.
See Section 11.2 for the effect aX the Condensate "leanup System
on the radwaste system.

10.4.6.3 Safety kyat.uation

The equipment and controls in the condensate demineralizec systemare of the same design and operational integrity as those ia the
radwaste system.

Spare capacity is provided in the system to negate thepossibility of difficulties in handling radioactive waste when
the system is operating. If the radwaste handling system
approaches desiqn capacity, such as when condenser tuba leaks
require maximum rates of regeneration of ion exchangers, the unit
load is reduced to eliminate the possibility of exceeding
opera tiona 1 limi ts.
The effluent water quality stated in Subsection 10.4.6.1 will not
be exceeded with an 11.5 gpm condenser leak when. circulating
water contains 1000 ppm of total dissolved solids. The systemwill sustain an effluent conductivity of 0. 15 micromho with a
46 qpm condenser leak when circulating water contains 1000 ppm oftotal dissolved solids. The circulating water quality used in
the design of the CCS is qiven in Zable 10.4-3. Conductivity is
recorded at 12 locations in the condenser and at analysisstations located on the common influent and effluent header to
the condensate demineralizer system, on the discharge of ea"h ion
exchange vessel, and at the discharge header of the reactor feed
pumps. High conductivity alarms are provided to alert the plant
operators to an abnormal condition.
Treated condensate conductivity levels are maintained within thelimits of Table 2 of Requlatory Guide 1.56, Rev. 1 in thefollowinq manner:

10. 4-21
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Individual demineralizer vessel outlet condu"tivity is monitored
and continuously recorded locally at the Turbine Building SampleStation Control Panel. High conductivity, indicating ioni"
exhaustion, is alarmed locally and at the main control room
panel. The high conductivity alarm setpoint is 0.1 pmhos/"m,
thus an ionically exhausted resin bed is removed from service and
regenerated before reaching the Table 2 of Regulatory Guide 1.56,
Rev. 1 lower limit of 0.2pmhos/cm. In addition, a regeneratedresin bed beinq brought on line is automatically recycled to the
condenser prior to being placed in service to ensure that the
vessel is not brought on stream at high conductivity levels.
The combined demineralizer outlet conductivity is also monitored
and continuously recorded locally at the Turbine Building samplestation control panel. Hiqh conductivity of the combinedeffluent is alarmed locally and at the main control room panel at
0.1 p mhos/cm. Since each vessel is alarmed when conductivity
reaches O.l pmhos/cm. The likelihood of the combined effluent
reaching the alarm point is remote except under conditions of a
large condenser leak. However, demineralizec inlet "onductivityis monitored in the same manner as the outlet flows, with an
alarm setpoint of 0. 2 p mhos/cm indicating condenser leakaqe.
(Table 2 of Requlatory Guide 1.56, Rev. 1 lower limit is 0.5
mhos/cm) .

The condensate demineralizer system is designed to operate in a
manner such that corrective action is initiated prior to reaching
the .lower limits of Table 2 of Regulatory Guide 1.56, Rev. 1 .

The values shown in Table 10.4-4 are arrived at assuming 100
percent removal efficiency for all dissolved principal fission
and corrosion activation products. However, because the removalefficiency for suspended solids is 50 to 75 percent, the overall
removal of corrosion activation products is somewhat less than
100 percent, for the system. Tables 10.4-4 and 10.4-5 provide the
design bases for radiation shielding in the "ondensate
demineralizer area.

The effluent strainer in the discharge from each ion exchanger
protects the feedwater system against a massive discharge ofresins in the event of an underdrain failure.

10 4.6.4 Tests and Insoectior>s

Pipinq is inspected and tested in accordance with ANSI B31. 1.0.All pressure vessels are hydrostatically tested to 1.5 timestheir design pressure.

The system will be preoperationally tested in accordance with the
requirements of Chapter 14.
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The condensate demineralizer and regeneration systems are
controlled from a loca1 control panel for all modes of operation,
includinq transfer of resins for cleaning and returning these
resins to the exchange vessel, or transfer of resins for cleaning
and regeneration and transferring the previously regenerated and
stored resins to the exchanger for standby.

The conductivities are monitored by a multipoint recorder for the
followinq:

a) Influent and effluent of the condensate polishing
demineralizer system

b) Effluent from each condensate polishing
Be mine ralizer.

In addition, conductivity alarms are provided to alert the
operator for off-normal conditions. Resin condition is monitoreB
in accordance with Regulatory Guide 1. 56. A differential
pressure transmitter is provided to monitor the differential
pressure across the condensate demineralizer system. Flow
transmitters, recorders, and flow totalizers are provided in the
effluent of each condensate polishing deminerali.zer.

10 4 7 CONDENSATE AND FEEDWATER

10. 4. 7. 1 Design Bases

The condensate and feedwater systems have no safety-related
functions and are designed to return condensate from the
condenser hotwell to the reactor at the required flows, pressure,
and temperature. The systems are designed to automatically
maintain the water levels in the reactor and the condenser
hotwell during steady state and transient conditions.

Pipinq from the condenser hotwell up to but not including the
outermost containment isolation valve is furnished in accordance
with ANSI 831. 1. Feedwater piping from the outermost primary
containment isolation valve up to but not including the valve
just outside the containment is designed in accordance with ASME,
Section III, Class 2. Peedwater piping from the containment
isolation valve to the reactor is designed in accordance with
ASME, Section III, Class 1. The feedwa ter heaters and drain
coolers are furnished in accordance with ASME Section VIII.
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The condensate and feedwater systems from the condenser hotwell
up to but not includinq the outermost primary containment
isolation valve are not safety related. The feedwater system
from the outermost primary containment isolation valve to the
reactor is safety related. For the isolation criteria between
this system and the reactor coolant boundary see Subsection
6.2 0. In-service inspection is performed in accordance with
ASNE Section XI for that portion of the feedwater system
furnished in accordance with ASME Section III. The condensate
and feedwater systems are stress analyzed for the forces and
moments that result from thermal growth. The ASME Section III

Rev 19, 1/81 10,4-22b



SSES- FSAR

and feedwater systems are stress analyzed for the forces and
moments that result from thermal growth. The ASIDE Section III
feedwater pipe located inside the reactor building main steam
pipe tunnel and inside the drywell is Seismic Category I.
The condensate a'nd 'feedwater system is designed to permit
continued operation of the plant at reduced power without reactor
trip upon loss of one or -two of the four condensate pumps, one of
the three reactor feed pumps, or one of the three strings of
feedwater heaters.

10.4'. 7 2- System Description

The condensate and feedwater systems are shown in Figures 10 4-4
and 10.4-5, respectively.

Pour, 25 percent capacity, vertical, 10-stage, canned suction,
constant speed, motor driven, centrifuqal condensate pumps take a
common suction from the condenser hotwell and discharge into a
common header. The condensate flow is then directed through the
steam je t air e jector (S JAF) condenser and. the steam packing
exhauster (SPE) condenser and then into the condensate
deminera.lizer's common influent header. Condensate then proceeds
throuqh the condensate demineralizer system and discharges into a
common effluent header.

The sealinq water for the condensate pump glands is taken from
the pump discharge. It passes through a.magnetic separator and
cyclone separator before entering t'e glands. The leak off from
the qlands is piped to the liquid radwaste system

A condensate recirculation system is furnished to maintain a
minimum flow through each condensate pump, through the SJAE and
SPE condensers and through the condensate demineralizers during
low load operation A recirculation flow of 2000 gpm per
condensate pump is automatically maintained by a control valve
downstream of the condensate demineralizers. Block and bypass
valves are provided around the control valve for maintenance
accessibility during plant operation. Recirculated condensate is
returned to the condenser.

A hotwell makeup and reject system maintains the condenser
hotwell level durinq steady state and transient conditions.
Condensate, downstream of the condensate demineralizer effluent
header, is rejected to the condensate storage tank to decrease
the hotwell level or condensate from the storage tank is drained
into the condenser to make up the hotwell level. A small amount-
of reject during steady state conditions is normal. A

combination of small and larqe control valves, with block and
bypass valves, are used to control the makeup and reject flows.
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The small control valve controls the smaller normal flows whereas
the larger control valve is used during larger transient'low
The control valves are controlled by water level in the condenser
hotwell. (Ref er to Subsection 10.4. 1. 2.)

Condensate from the condensate demineralizer effluent header
divides and passes through three parallel strinqs of feedwater
heaters. The feedwater passes through the -tube side of an
external drain cooler for heater one, then heaters one thxough
five, respectively. Heaters one and two are located in the neck
of the main condenser shells. The vents, drains and extraction
steam side of the feedwater heaters are discussed in Subsection
10.4.10. Feedwater downstream of the heaters is combined into a
common header from which three, 1/3 capacity, turbine

driven'ariablespeed, barrel type, double suction, centrifuqal, reactor
feed pumps take suction. The reactor feed pumps discharge the
feedwater into a common header for distribution through the
reactor containment isolation valves and into the reactor.
Xnjection water for the reactor feed pump seals is taken from the
effluent header of the condensate demineralizers.. The inboard
seals drain to number 5 feedwater heater while the outboard seals
drain to the condenser..

Each reactor .feed pump has a recirculation line connected to the
main condenser. This recirculation line is tapped off the
discharqe line between the reactor feed pump and its check valve,
and it is used to maintain a minimum flow through the feed pump
at startup and low- load operation, to avoid pump vibration arid
hiqh running temperatures. Proportional flow control valves in "
each .recirculation line will be regulated by a controller that
senses the flow throuqh the pumps by flow elements located xn the
pump discharqe line and recirculation line and uses pumpdifferential pressure as a set point reference. The control
valves open proportionally as flow drops below 50 percent of the
pump~ s best efficiency flow-at that speed.

The reactor feed pumps are driven by variable speed, multistage,
turbines that receive steam from either the maiti steam cross-
connection header or the crossover piping downstream of the
moisture separators. During normal full power opera tion the
turbine drivers use low pressure crossover steam. High pressure
main steam is used during startup, low load, or transient
conditions when crossover steam is either not available or is of
insufficient pressure. The exhaust steam from, each turbine
driver is piped to the main condenser.

Before startinq the reactor, the feedwater lines between the
condensate demineralizer and the reactor are flushed with
condensate to remove any crud present. To do, this, approximately
50 percent of valves wide open flow is piimped through these lines
bv the condensate pumps, bypassing the reactor feed pumps and
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recirculatinq the flow to the condenser through the cleanup line.
This ensures proper reactor water quality during startup and
establishes the feedwater flow prior to admitting water into the
reactor vessel.

The feedwater flow branches into two separate lines inside the
reactor building. primary containment isolation in each branch
is provided by a motor operated stop check valve for the
outermost containment valve and a te table check valve just
outside the containment wall. A check valve and motor operated
qate valve are located just inside the containment. (Subsection
6.2. 4.)

Normally, the four condensate and three reactor feed pumps are in
service toqether with all 'three strinqs of feedwater heaters
The system is designed so that a minimum of 68 percent of the
rated feedwater flow can be maintained, without a reactor scram,
with only two condensate'umps o" two reactor feed pumps or, two
feedwater heater strinqs in service.

Both the condensate pumps and -eactor feed pumps are designed to
provide the maximum required design flows plus adequate margin to
account for both 10 percent transients and 5 percent pump wear.
Adequate margin i" provided in the net positive suction head
requirements to ensure noncavitating performance under all
operatinq and runout conditions.

10. 4. 7 3 Sa fete Evaluation

Durinq operation, radioactive steam and condensate are present in
the feedwater beating portion of the system, which includes the
extraction steam piping, feedwater heater shells,- heater drain
pipinq. and heate" vent piping Shielding and contro1led access
are provided as necessary (see Section 12.1 for details) . The
condensate and feedwater system is desiqned to minimize leakage,
with welded construction used where practicable. Relief valve
discharqes and operatinq vents are handled through closed
systems.

If it is necessary to remove a component such as a feedwater
heater, pump, or control valve from service, continued. operation
of the system is possible by use of the multistream arrangement
and the provisions for removinq from service and bypassing
equipment and sections of the system.

An abnormal operational transient analysis of the loss of
feedwater heater string is included in Chapter 15

The probability of releasinq radioactivity to the environment due
to a pipe break outside the primary containment is minimized by
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the containmen t isolat ion valves. The primary containment
orevents the release of radioact,ivity to the environment" should a
feedwzter line break occur inside the primary containment.

The nonseismic portions of the condensate and feedvater system,
ie, those portions upstream of the outermost containment
isolation valves, are: not essential for safe shutdovn of the
plant. If u pipe break occurs in the nonseismic piping, the
reactor level will fall.and on low-lov level the high pressure
coolant injection pumps vill be started automatically and a
reactor trip will .be initiated. The location of equipment in the
turbine building in the vicinity of the feedvater piping is such
that no safety related component could be flooded by a rupture in
the feeD~ater lines.

10.4.7 4 Tests and ZnsoectionsD

That po=tion of the feedwater sys:em designed to ASNE Section III
Class 1 or 2 is inspected and tested in accordance with Articles
5000 anD 6000 of the appropriate sections., That portion of the
condensate and feedwater system designed to ANSI B31. 1 is
inspected and tested in-accordance witn Paragraphs 136 and 137

Performance tests are made on all condensate and reactor feed
pumos.in accordance with ASlfE Power Test Codes for Centrifugal
Pump , PTC 8.2.

The casings of the conden ate and reactor feed pumps are
hydrostazically tested to 1. 5 time= their shutoff discharge
pressures. The shell and tube side of all feedvater heaters and
drain coolers are hydrostatically tosted to 1.5 times their
design pressure in accordance with ASIDE.Section VIII.
Before initial op ration, the completed condensate and feedwater,
svstem vill receive a field hydrostatic test and inspection in
accordance with the applicable code. Periodic tests and
inspections of the=system are performed in conjuntion with
-cheduled maintenance outages.

The system vill be preoperationally tested in accordance with the
requirements of Chapter 14..
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10.4.7.S Controls and Instrumentation

Controls are provided to maintain condenser hotvell level so that,
on high level the condensate pump discharges the surplus
condensate to the condensate storage tank while on lov level
makeup from the stocaqe tank is admitted to the system.

Fach feedwater heatec is provided with two level transmitters to
maintain the correct level of condensate in the respective heater
shel l.
one transmi.tec modulates th» valve which controls the normal
drain flow from the respective heater to the next lower pressure
heaters. The .other transmitter modulates the high level dump
valve and this operates only when the vater level in the heater
shel1 rises above the high level settinq of the transmitter
equlatinq the normal drain flow. The dump valve discharqes

directly into the main condenser. On loss of control ai c the
normaL drain valve fails closed vhile the dump valve fails open.
This Prevents the flooding of the next lower pressure heater.

Zn addition to two level transmitters, each of the tnree higher
pressure feedwater heaters has a high-high level svitch and each
of the tvo lower pressure heatec has two high-high lev. 1
svitche . Operation of the hiqh-high level svitches in the top
three heaters closes the isolation valves in the respective
extraction steamlines to prevent water induction into the
turbine. Operation of one of the high-high level svitches on the
two lower pc»ssure heaters closes the d ain valve from the
Pcecedinq h»ater. Zf after this action the water level continues
to rise. the second hiqh-hiqh level switch will isolate the
entire heater str'ing on the feedvat»r side

The reactoc is filled initially by the condensate pumps, through
the start-up control valves which bypass the reactor feed pumps
and allow " the condensate pumps to discharge directly into the
reactor. During this period the level in the "eactor is
maintained by the smaller start-uy valve which i modulated
manually from the control room.

Mhen reactor pressure approaches condensate pump pressure a
reactor feed pump is started and feedwater is supplied to the.
=eactor through the large start-up control valve which is
cequlatei by single element control (reactor level) . This mode
of control vill operate until the reactor is up to approximately
20 percent of power level. At this point the HP'P discharge
valves ace opened, the large start-up control valve closed, and
the feedwate r placed on 3 element control which requlates the
feedwater flow by adjusting the speed of the reactor feed pumps.
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Monitorinq systems includinq pressuce indicators, flow and,
temperature indicators, and alarms for abnormal conditions are
provided in the control room to en ure the proper operation of
system components.

The reactoc recirculation pumps will automatically run back
reactor power to 6S percent upon loss of permis'-ive if any one of
t he followinq occurs:

a) Low pressure at dischacqe of any, condensate pump

b) Isolation of one trinq of feedwater heaters due to
high-hiqh water level in feedwarec heaters ono or two
(Subsection 10. 4. 10)

c) Lov flow to the reactor at any reactor feed pump
discharqo.

Flow elements are pcovided at all major points along the
condensate and feedwater system, in the feedvater heater drains,
and in the makeup and re ject lines. Abnormal flows vill indicate
pipe breaks or tube leaks.

The feedwater control system is described in Subsection 7.7.-1 4.

10.4. S STEAM GENERATOR 8LOMDOMN SYSTEM (PMR)

N ot a pplicable to BMR.

10. 4. 9 AUXILIARY FHHDMATER SYSTHil gPMRQ

Not applicable to BMR

10 4 10»XTRACTION STEAi1 AND FEHDMATER HEATER DRAIN
AND VENT SYSTEM

10. 4-2U
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10. 4. 10. 1 Design Basis

The Fxtraction Steam and Feedwater Heater Drain and Vent System
has no safety related functioii.

a) gx tra ction Steam System

The extraction steam system is designed to supply steam
fcom intermediate stages of the main tucbine to closed
feedwater heaters to heat the feedwater to 387~F at VMO

load. The system is designed and meets the requirements
of the ASNE standard, "Recommended Practices for the
Prevention of Rater Damage to Steam Turbines Used for
Flectric Power Generation, Part 2 Huclear Fueled
Plants", to prevent water induction into the turbine.

b) geedwater Heater Drain and Vent System
,I

The feedwater heater and drain cooler vents and drains
system is designed to accomplish the following
objectives during steady and transient loads from
star+up to full load to shutdown:

1) Remove non-condensable qases continuously f corn the
condensed drains to assure good heat tcansfer over
the tube suz faces.

2) Cascade dcains continuously f rom each heater to the
next lower pressuce heatec and thence to the main
condensec while maintaining the desired water level
in all heaters.

3) Ln the event of excessively hiqh level in any
heater, dump the drains from that heater directly
to the condenser.

4) Prevent water backing up into tne turbine through
the extraction lines to heaters 2A, 2B and 2C.

These systems are desiqned and installed in accordance with the
requirements of applicable codes, arid standards shown in Table
3. 2-1.

The design pressures. and temperatures of the feedwatec heaters is
shown in Table 10.4-6.

10. 4-29
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The extraction steam and feedwater heater drain and vent systemis shown in Figures 10.4-6 t.hru 10.4-8. This, system includes:
Bleeder trip valves

Extraction steamline motor ope"ated isolatinq valves

Extraction steamline drain valve=

Associated pipinq, valves, contcols, ant instrumentation

Extraction Steam System

Under normal operation, steam is extracted from the turbine to
the shell side of .the feedwater heaters to heat feedwater flowing
on the tube side. Five staqes of heatinq are provided. The
pressure, temperature, and flow of the extraction steam vary in
accordance with. the load on the tu"bine.
Bleeder trip valves (BTY), extraction steam isolation valves and
associated drain valves are provided in the extraction lines as
equired by the turbine manufacz,ure-. to prevent turbine overspeed

due to flashinq steam fiowing back into the turbine in the event
of a turbine trip, and also to prevent water induction into z,he
turbine in the event of heater tube failure.
The extraction .lines to feedwater heaters 3A, B 6 C, 4A, B 6 C,
and 5A, B 6 C each contain a bleeder trip valve and in addition
each has a motor-operated isolatinq valve located downstream of
the BTVs.

LVo non-return valves are installed in the extraction lines to
heaters 1A, B 6 C and 2A, B 6 C since the use of antiflash
baffles in these heaters eliminates tne need for them.

Each of the extraction, lines to hea ters 3A, B 6 C, 4A, B 6 C, and
5A, B 6 C is provided with two drain lines, one on the turbine
side of the respective bleeder trip valve and the other between
the bleeder trip valve and the respective „isolating. valve.
The drain lines on the turbine side of the bleeder trip valves in
the extraction lines are interlocked with their respective.
bleeder trip valves and isolatinq valves such that when either of
these valves close the drain valves open.

The valves in the drain lines between the bleeder trip valves and
the isolatinq valves will open on either turbine trip or high-
hiqh level in the respective heater. The high-high level signal
and turbine trip will also close the respective isolating valve.

10. 4- 30
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Once closed the isolating valve can only be opened by the
operator and only when the water level has returned to normal.

In all cases the interlocks can be overridden by hand switches so
that at start up the drains can be operated in accordance with
GE's instructions.
The drains from Heaters 1A, B 6 C flow continuously through
unvalved drain line- to their respective drain cooler. From
there the drains discharge into the main condenser, entering at a
point below the elevation of the heaters, thus preventing
floodinq of the heaters after a main turbine trip or as a result
of large feedwater heater tube leakage.

The bleeder trip valves are provided with side-pilot air
cylinders that, on loss of air pressure following either high
feedwater heater level or main turbine trip, provide a closing
impulse to the bleeder trip valves. This closinq impulse is
primarily to insure that the bleeder trip valve disc is not
"hunq-up" from lonq periods of operation in the open position. A

test switch is provided for each bleeder trip valve for checking
of the valve's operability with the positive closing cylinder.

Moisture Separator Drains

Drains from each moisture separator are collected in an integral
drain tank and then discharqed to Foedwater Heaters 4A, B, C, or
to the condenser as dictated by level controllers on the drain
tank.

Feedwater Heater Vents and Drains System

During startup, the large volume of air in the heater shell is
vented into the main condenser through a remote manual operated
valve in the startup vent header from each heater.

During plant operation, a manually set throttlinq valve .in the
operatinq vent header from each heater passes air and
noncondensable qases continuously with minimum steam carryover,
into the main condenser.

The nozzle connection in the operating vent line on each heater
is sized to choke the flow in the line such tnat an orifice or,
throttlinq valve is not necessary.

The heater drain normal-level and hiqh-level (dump) control
valves for each heater are each controlled by an individual level
transmitter and associated controller. Normally, only the heater
normal-level drain valve is modulated to maintain heater shell
level.

10. 4-31
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The hiqh-level (dump) control valve opens only when the vater
level rises above the hiqh level settinq of the normal lovel
controller and passes the drains directly to the condenser.

Lo s of control air results in loss of control over the heater
vater level. To prevent sudden floodinq of the next lover
pressure heater on con tco,l a ir failure, the normal-le vel control
valve is designed to fail closed on loss of air and the dump
valve to fail open on loss of air. Both control valves have
handjack~ for manual positioninq of the valve

The heater drain lines from feedwater heaters lA, B 6 C and
associated external drain coolers to the condenser shells serve
as loop seals; therefore drain control valves are not reguired.
This arrangement pcecludes water from backinq-up through Heaters
1A, B and C ext action lines into the main tu cbine should large
feedwater tube leaks occur. Flow from each drain cooler is
measured by a ventuci flowmeter and the signal is fed to the
computer to detect tube leakage.

Shell celief valves ace provided to prevent shell over-pressure
in the event of tube leakage and closing of the bleeder trip
valves in the extraction lines.
Feedwater heaters 1A, 18, 1C, 2A, 2B, and 2C each have a high-
hiqh .level switch which vhen operated vill close the ~ respective
drain valve from the preceding heater and annunciate'n alarm.If the level in the respective heater continues to rise after the
alarm has been annunciated a separate level svitch will operate
to isolate the entire heater string on the feedvater side.

10. 4. 10 3 Saf etv Evaluation

Durinq operation, radioactive steam is present in the extraction
steam piping and feedvater heater shells. Shielding and
controlled access are provided as necessary (see Section 12. 3 for
details) . Both systems are desiqned to minimize leakage, with
welded construction used where practicable

10 4. 10.4 Zests and Ins2ections

Each feedvater heater and drain cooler vill receive a shop
hydrostatic test of 1. 5 times its design pressure. All tube
joints of feedvatec heaters are to be shop=- leak -tested. Prior toinitial operation, the conderisate and Ceedwater system receives a
field hydrostatic test and inspection to varify the system
integrity. Peciodic tests and inspections of the system are
performed in conjunction with scheduled maintenance outages.
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requirements of Chapter 1Q.
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10. Q. 10. ~ Con trois «n<l Znstcumo«tation

Instr.l:n<lnts anil controls are provided to measure extrac" ion stean
t<?ml>eczture and l>ces~ure. Controls are pcovided to ictuat»
«utolmaticallv, th<? extr action st'am check valves, shot-of f valve~,
.ind dr ii'n v.lives as d»scribed in Suosect ion 10.4.10.2.

Instr«m<? «tat ion and cont c
h»at< L d;nin flow rar.e to
iach feedwztec h<'at.'c she
'i lac m.» a «d a iltof0« t Lc 3 u'n p
L»olatLon oL' h< i ter on

ols are pro v ide,l for 'opula t i:lg t he
ma int«Ln t he propeL. condensate le ve1 inll oc >!eater <lrain tanic. High-level
action on high lev 1, «nd ailtomatic

high-nigh level .ir. also pLoviied.

Al«eius,l re prov id ~1 Ln th
,i ny n?c '. l:y act Loll

control room to ilect th< operator to

10. O 11 A0iII. TAl< Y ST!>A "i SYS»T""i4

10. 4. 11. 1 3< sic!« Bases

Ik

The A»xi liney Steam System h«.;. no s«fe?ry reiat".d function;
non-S~isnic Category I, an.l is design»'<1 to operate ind» >endo»«tl.y
of th<» Viicle.ir Steam Supo ly System. The systein provide. ~ cle«n

t(i.im to various plant processei.".

7h<i Auxiliiry St<..im Boilers ac» Je:Lgned in accorda«ce with
><icti<>n 1, ASil K,Boiler yes -el Code, and in corn plianc<i wLtn
ioplici.>l<'a te zn.l local. re:lulu tion

I

Th<? -Vsr in i. <lc sign»1 to prnvi<le tne op<?ration il fi»xi/>ilLty
nec<~=, »a=y ro «cconnio.l:it» the vacyi:lg Steam dema«ds $ ucinp all
inoIl ~Q oL', (»pe l »i t 1 oil ~

lO. il 11. 2 .its t<'m Des< cL '> 1.0«

Vno Auxi Lxa "v Stel im Sysr.em corisists of two olectrod<? st<. iz
l>oil<.cs «it!l integral cecirculi tion pumps, ':le dear:a ror wL th
f<?". lvit:.?r «.»at»L a«.l recycle pump, two boile>r feed pum;>s, t«o
l>oiler b lowdown separators, t«o eh»laical fe.e.l tanks:ind pulnps,
<ind all i~a<>ci«re 1 >>i;>in@, valve", controls, and in-truin; nt«iion.
5 ll ln'l 1'>r coin pol)<.'ll zs 0 f t lie AuxilLa y steam 5 ys t Hln «re L« t«e
'Jnit. 1 turbine? building. The Uoi lec controls aro d»sLgn<ld for
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4

automatic operation. The piping system is designed for single or
dual boiler operation.

t 1

1

A pressure reducing station maintains system pressure. Final
pressure reduction is accomplished, as required, by individual
valves adjacent to the equipment served.

15

The'uxiliary Steam System provides a backup for the clean steam
seal system. The boilers will be cycled on and off via a header
pressure switch which will maintain the,boilers at or near
operating pressure and temperature during no load periods. In
case of sudden demand for steam the ramped»on» cycle is
overridden by a supplementary header pressure switch to permitfull output in less than 20 seconds.

Auxiliary steam is al o required for the radwaste evaporators and
off-gas recomhiner.

During initial plant startup, auxiliary steam will be used to
test the HPCI, RCIC, and RFP turbines, to operate the steam jet
air ejectors, and for condenser hotwoll desperation.

The condensate fxom any potentially contaminated source will be
routed to the radwaste system or the main ~ steam condensate *tank.

3) Condensate. from some steamline traps will be returned to the
deaerator.

Makeup for the auxili,ary steam boilers is taken from the
demineralized water system through the deaerator.

The boiler water conductivity controller regulates conductivity
by either activating the chemical feed pump on low conductivity
or causing the boiler to blow down to the radwaste system on high
conductivity.
The only connections between the Auxiliary Steam System and
Seismic Category I systems are those used for preoperational
testing of the HPCI and RCIC turbines. The connections are made
through removable pipe spools. Before startup the pipe spool~
are removed and the Auxiliary Steam System is disconnected fr.nm
any Seismic Category I system for plant operation. The
connection - between the Auxiliary Steam System'nd non-Seismic „

Category I portions of the Main Steam System are protecte'd by-
normally closed valves.

10. 4. 11.3 Safety Evaluation

The Auxiliary Steam System is designed such that a failure of the
system will not compromise any safety related system or prevent a
safe reactor shutdown. The system is protected against high
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pressure, low and high boiler prater level, oyercurrent, and other
malfunctions.

10.4.11.4 Test and InspectionsP
I

The Auxiliary Steam System will be proven operable by its use
during startup and normal plant operation . The system will be
preoperationally tested in accordance with the requirements of
Chapter 14.

10.4. 11.5 Instrumentation Application

Fach boiler is equipped with temperature, pressure, and level
indicators. Flow in each boiler outlet and pressure in the main
header is indicated in the control room and on the, boiler local
panel.

The boiler'eed pumps are operated hy the hoiler level
controllers.
Abnormal water level, conductivity or pressure is alarmed on the
local panels and as a group alarm in the control room. 3
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TABLE 10. 4-2

INFLUENT CONCENTRATIONS TO THE
CONDENSATE DEMINERALIZER SYSTEM

(Parts Per Billion)

Constituents

Iron (Fe)

Soluble
Insoluble

Nickel (Ni)

Soluble
Insoluble

Copper (Cu)

Chloride (Cl)

pH at 25oC

Conductivity at 250C

Radioactivity Ci/ml

Normal
~O eration

5
50

10(1)

6 5 to 7.5

0. 2 mho/cm

10 to 10

Sta rt-Uo

40
1000

30
100

10

10

6to8
0.5 mho/c m

10 to 10

For equipment specification only because, without
condenser tube leak, chlorides are much lower.
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11 2 L1QUID WASTE MANAGEMENT SYSTEMS

11 2 1 DESIGN BASES

The objective of the Liquid Waste Management System (LWMS) is to
collect, process, store, and monitor for reuse or disposal all
potentially radioactive liquid wastes.

The LWMS is capable of recycling the majority of potentially
radioactive wastes to condensate quality. Sufficient treatment
equipment is available to process the liquid waste from both
nuclear units without impairing the operation o availability of
the plant.
Liquid wastes that. cannot be processed to meet the quality
requirements for recycling are solidified along with process
concentrates and solid wastes for offsite shipment and disposal.
During operation there may be a buildup of the plant condensate
inventory due to the introduction of recycled liquid from
regeneration chemicals, auxiliary stqam fo" equipment testing and
startup, demineralized water for decontamination, and domestic
water for laundry purposes. Evaporation losses from the fuel
pools, equipment leakages discharged by the building ventilation
systems, and water contained in the solidified waste decrease the
condensate inventory.

The excess water is released in a controlled anR monitored manner
into the cooling tower blowdown line for dilution-
The expected radionuclide activity roncent"ations in the reactor
water corresponding to fuel. defects that result in 60,000 uCi/sec
noble gas activity for one reactor unit after a 30 minute'Relay
are shown in Table 11.2-9. The design basis radionuclide
activity concentrations corresponding,to fuel defects that result'in 100,000 pCi/sec noble gas activity for one reactor unit after
a 30 minute delay are shown in Tables 11'.1-1 through 11.1-5-

Subsection 15.7.3 discusses the liquid radwaste tank rupture
accident.

The LWMS is designed so that no potentially radioactive liquids
can be directly dischargeR to the environment unless they have
been monitored and diluted. This results in radionuclide
activity concentrations in the offsite "elease and radiation
exposures to individuals and the general population (on an annual
averaging basis) within the. limits of 10CFR20 and 50 (Table 11.2-
13)
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The LMllS is designed to keep the exposure to the general
population and plant personnel during normal operation and
maintenance ALARA.

Redundant and backup equipment, alternate process routes,
interconnections, and spare volumes, are designed into the system
to provide for operational and unanticipated surge waste volumes
due to refueling, abnormal leakage rates, decontamination.
activities, LRWM equipment down time, maintenance, and repair.
The expected daily inputs and activities to each of the three
sub'systems is shown in Tables 11.2-1 and 11.2-2 An evaluation
of the causes for the maximum expected inputs for each subsystem
shows that operational modes exclude, and the unlikely occurrence
of the same failure in both units minimizes, the potential for
coincidental maximum input from both units into the same
subsystem. Concurrent refuelings or cold startups are not design
bases for the plant.
The usage factors for pumps and processing equipment provided in
Table 11 2-3 show sufficient reserve capacities for the maximum
expected inputs.
Table 11 2-3 shows the design parameters of the LHNS equipment.
Major LWHS components are located in separate shielded
compartments according to their radiation level and considering
accessibility for maintenance and repair while opera ting
redundant components of the system. Rooms of components
containing significant amounts of liquid radwaste are provided
with elevated door thresholds to minimize potential spread of
contamination from leaks. All liquid radwaste tanks are located
below ground level. (Figures 11. 2-1 through 11.2-7, 9.3-10 and
9.3-1)) . Instrumentation and controls are designed and located
to minimize exposure to the operating personnel

Ploor drains .and sloped floors are provided in equipment rooms to
control the spread of contamination from leakage. Refer to
Subsection 2.4.13 3 for the analysis of accidental release of
radioactive waste to the groundwater.

The LWHS has no nuclear safety related function as a design
basis

The seismic and quality group classifications of the LWHS
components and piping and the radwaste building are listed in
Section 3. 2.

All tanks located outside reactor containment and containing
radioactive materials in liquids are designed tc prevent
uncontrolled releases of radioactive materials due to spillage in
buildings or from outdoor storage tanks. The following design

r
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a) Automatically and, manually operated valves and
instrumentation located outside the large radioactive
volume c'ontaining equipment'ooms, unless required by,
the process

b) Sequencer controlled valve setting and pump. operations
upon manual initiation of main process steps

c) Automatic flushing of subsystems after process
termination

d) Manual override provisions for all .sequencer. operated
and interlocked components

Manholes and access ladders on storage tanks

Remote manual drain valves on storage tanks

g) Low point piping and equipment drains in isolable
portions of systems

h) Internal decontamination spray nozzle in the spent resin
tank

k)

Condensate flushing connections on all major piping
routes

All vents of radwaste tanks, filters, demineralizer and
evaporator condensers, air tightly routed to the
building ventilation system filters. A slight negative
pressure against atmosphere is- maintained in these
components when vented.

Melded connections where practical. Line sizes over 2
in. are .butt welded to avoid crud traps.
Pumps provided with mechanical seals with flush
connections

m) Pump baseplates with dri p lips.
The expected and design basis radionuclide activity inventories
of liquid radwaste system components containing significant
amounts of radioactive liquids are shown in Table 11.2-5, 11.2-6
and 11.2-7 and are based upon the following assumptions:

a) Expected flow rates for streams shown on Figure 11.2-8,
as given in Tables 11.2-0 and 11.2-10. The radionuclide
activity concentrations in a given pipe of the LMMS vary
depending on the origin of the stream. For example, the
inlet pipe to the radwaste evaporator will contain, at
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one 'time, waste from the chemical waste collector tank,.
at another time waste from the chemical waste
neutralizer tank. If the decay times .due to residence
in the tanks are conservatively ignored, then the
highest radionuclide activity concentrations in each „

'pipe are obtained'y dividing the appropriate tank
activity 'inventory by the tank conte~ts.

Reactor water isotope activity concentrations as listed
in Tables 11.1-2 through 11. 1-5 for design conditions,
and Table 11;2-9 for expected conditions

Emission rates of noble gases as listed in Table 11.1-1
for design conditions, and Table 11.2-9 for expected
conditions

Two percent of the halogens in the reactor water carries,
over into the condensate

One-tenth of one percent of the nonhalogen radio-
isotopes in the reactor water carries over into the
condensate

Por five minutes after release from the reactor vessel
nozzles, the decay daughter products of xenon and
krypton of the off-gas are deposited in the condensate
flow

Radwaste inputs, total activities, and component
parameters based on data from operating plants (Dresden,
KRB, etc), data collected by GE, and design data for
Susquehanna SES as shown in Tables 11.2-1 through 11.2-3
for expected averages during normal operation

Decontamination factors within the liquid radioactive
waste system for:
Holdup:
Filtration:
Evaporation:

Demineralization:

radioactive decay
1.0, no decontamination
103 for iodine
104 for all other isotopes
10 for cesium and rubidium
10~ for anions and other isotopes

Mhile a process stream is collecting in a collection .

tank the isotopes already in the tank are undergoing
radioactive. decay.

Four hours are required to complete sampling of a sample
tank. The sample tank is isolated during this period.

11.2-4
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k) All wa ter volumes ar e homogeno us mixtures.

1) One refueling shutdown pe year per unit not occur" ing
simultaneously.

All atmospheric liquid radwaste tanks are provided with an
overflow connection of at least the size of the largest inlet
connection. Common overflow from laundry 9 ain tanks (07-311AF8)
to Chemical Radwaste funnel is exempt from this requirement. The
two tanks are interconnected by a 4" overflow line. See Section
11.2.2.4. The overflow is connected below the tank vent and at
least one inch above the high level alarm trip point. Overflow
liquid is routed to a redundant tank or the nearest atmospheric
drainage point.
Processed wastes are collerte1 in sample tanks prior to their
reuse as condensate qualit.y water or monitored discharge into the
cooling tower blowdown pipe for dilution before entering the
Susquehanna River. These measures minimize the potential for
uncontrolled release due to operator er or or equipment
malfunction.

Control and monitoring of radioactive release in accordance with
General Design Criteria 60 and 64 of Appendix A to 10CF'950 is
discussed in Subsection 11. 2. 3 and Section 11.5.

11 2 2 SYSTEM DESCRIPTIONS

11.2. 2.1 General
~ 0 > llilLII4IL >

The Liquid Naste "management System serves both reactor units and
consists of three ba..ic subsystems, each for collecting,
processing, storing, monitoring, and disposing of, specific types
of liquid wastes according to their conduct ivity, chemical
composition, and radioactivity. These subsystems are:

a) Liquid I:.adwaste Proces..ing

b) Liquid Radwa te Chem ical P"ocossinq

c) Liquid Radwaste Laundry Drain Processing

Haste influent to each of the subsystems is collected in batch
tanks to allow for quality and volume monitoring before
processing.

Recirculation of the collection and sampl., tank contents while
isolated or being pumped out minimizes settling of suspended
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solids and provides representative grab samples. The
recirculation lines with stroke limited valves guarantee a
minimum pump flow for cooling in case a pump discharge valve is
closed.

Recirculation and pump-out. of al 1 process tanks is remote
manually initiated and ceases upon a low level signal. Thi.
protects the pumps from cavit:ation. Danu>) fill.,election of
multiple tanks is provided. Xn the automatic mode, the tanks are.filled sequentially to th<~ir high level. High level ala" ms and
level indication over the live volume range are provided in the
radwaste control room.

Simultaneous filling of one tank and mixing, sampling, or
processing of another is possible through separate suction and
recirculation lines and pumps fear each tank.

A local pressure gage is provided in each pump discharge line. A

more detailed description of the instr»menta+ion and con+rois of.
the liquid waste management systems is containe<1 in Sec+ion 7.7.

Suction lines of multiple pump and tan
connected to provide backup capability
individual controls for all a<ttomatic
tran.fer of waste between tanks, compl
maintenan"e or repair, system flu'hing
bypassing of process equipmen t.

k arrangements are cross-
Nanual valve.. and

valves an 1 pump" also allow
ete pump-out of tanks for

wi"h conden -a t e, anrl

The following subsections describe addit.iona l fea'res nf each of
the t hree subsyste ms.

11.2.2.2 Liquid Radwaste Processing Qubsjstc.m

Befer to Figu"es 11.2-9 and 11.2-10.

During normal plant. opera. ion, high and low purity wastewater
originating from potentially ra'5ioactive equipmen+ leakage, floor.
drains, and other sources throughout the plan", (see Table 11.2-1)
is route<1 through local sumps or directly to the Liquid Ra<lwaste
Processing Subsystem in the r.xdwaste b»ilding.
Three sets of not individua3ly isolahle twin tanks collect the
plant low conductivity (< 100 p mho/cm at. 250C) wa.-te in hatches.
A radwaste building control room alarm annuncia tes when two out
of three tank sets are unavailable. A main control room alarm
announces when all three collection tank sets are unavailable and
the wastewater. is route<', into the surge tanks. These ad<litional
two twin sets of. tanks provide surge capa "ity for unanticipated
high waste volumes. They fea+ure internal mixing eductors and
are associated wit h one common pump.
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Processing of liquid waste is normally done by separate filtering
and ion exchanging. High conductivity waste inadvertently
collected in the liquid radwaste tanks can be pumped to the
chemical waste tank.

Condensate quality water in the sample tanks is transferred to
the condensate storage tank by the three liquid radwaste sample
tank pumps. Excess water is discharged through the monitored
discharge pipe into the cooling tower blowdown pipe-

Radwaste Filters
Two vertical centrifugal dry cake discharge radwaste filters are
provided for:

a) Filtering of low conductivity liquid radwaste

b) Dewatering of phase separator sludges and spent
demineralizer resins.

f

The two radwaste filters are piped in parallel and in series.
Normally only one filter is used for filtering of liquid waste.
with the second one available for dewatering service or used as a
backup to the radwaste demineralizer.

For the filtering mode., a thin precoat layer of diatomaceous
earth (DE) or powdered resin is deposited on the stacked filter
screee plates. Normal filtering flow is 200 gpm which is 2/3 gpm
per sq. ft. Base) on operating e'xperience, an adjustable amount
of filter aid may be .injected into the waste inlet stream to
extend the filter run length over the full allowable d'ifferen"ial
pressure range up to 90 psi.
The precoat and filter aid pumps and tanks are supplied with thefilters and are located in a normally accessible area.

The approximately 5 w/o solids containing phase separator sludges
'and spent demineralizer resins are separately dewatered at a flow
rate of. 50 to 100

gpm.'hen

used as radwaste demineralizer backup, the filter plates are
precoated with powdered ion exchange resin.
The filtering/dewatering process is terminated upon a highdifferential pressure alarm across the filter or the maximum
allowable cake thickness between the filter plates. The latter
can be observed through an illuminated sight glass in the filter
vessel shell and a filter run timer set accordingly.
Flow controllers keep the flow rate independent of the increasing
pressure drop over a filter run length.

Rev. ~>, 7/81
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The effluent from the radwaste filters contains < 1 ppm suspended
solids of 1 micron or larger size provided the feed contains

100 ppm of 1 micron size particles or < 1000 ppm of 5 micron
size particles.
Upon termination of a filter run, the filter vessel is drained to
the waste sludge phase separator and the cake dried by blowing
700 scfm of 1200P saturated air at 30 psig through it. This
reduces the water content of the cake prior to solidification and
disposal. The length of the drying periods is established by
experience and the dew point instrument alarm in the drying air
exhaust line set accordingly. The humid air passes through the
radwaste mist eliminator before entering the radwaste tank filter
described in Subsection 9.4.3.

The dried filter cake is
rotation of the vertical
vessel bottom discharges
waste mixing tank of the
Section 11.4.

spun off the filter plates by motorized
stacking shaft, and a scraper at theit through a vertical chute into the
solidification system described in

After a brief backflushing into the waste sludge phase separator,
the filter is filled and ready for a fresh precoat.

For a cake drying time of 1 hr the filter. is back in service in
approximately 4 hr.
Radwaste Demineralizer

The filtered liquid waste is processed through one 140 ft~
nonregenerated deep bed demineralizer before entering the liquid
radwaste sample tanks. A normal flow rate of 200 gpm is
maintained through the 4: 1 +o 1: 1 cation to anion ratio ion
exchange resin bed. The ef fluent conductivity is indicated,
recorded, and'larmed at 0.5 and 1.0 mho/cm at 25oC in the
radwaste control room. The differential'pressure between the
vessel inlet and outlet is also indicated'nd alarmed over an
a'dgustable range up to 25 psi.

The differential pressure and a level indication is provided on a
local instrument rack and in the radwaste control room.

The demineralizer inlet valve will close automatically upon ) 1

mho/cm at 250C conductivity in the effluent < high differential
pressure, or loss of control air or power. Exhausted or fouled
ion exchange resins are sluiced to the spent resin tank for
subsequent dewatering in the radwaste filters and solidification.
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Presh resin'eads are manually loaded throu'gh a hopper above the
demineralizer vessel and mixed inside by compressed air. The airis vented through the radwaste mist .eliminator to the radwaste
tank filter described in Subsection 9.4.3.
Total outage time for removal and replacement of resins is
approximately 6 hr.

1~12. 2 3 L'iguid Radwaste Chemical Processing Subsystem

Refer to Pigure 11.2-11.
r

High conductivity {>100 mho/cm at'25~C) wastes from potentially
radioactive sources throughout the plant listed in Table 11. 2-1
{Chemical Radwaste) are routed via local sumps or directly to the
liquid radwaste chemical processing subsystem. Except for the
chemical waste neutralizer tanks located, in the turbine building,all 'components of this subsystem are located in the radwaste
building.
Diluted sulfuric acid and sodium hydroxide from the condensate
deep bed demineralizer regeneration process are collected in two
twin sets of chemical waste neutralizer tanks associated with
each reactor unit.
Each. tank set accommodates two hatches of regeneration chemicals.
One of the two redundant chemical waste neutralizer tank pumpsrecirculates the chemicals through internal mixing eductors in
each tank while local grab samples may be taken. Remote pHindication with high and low point alarms are provided in the
radwaste control rocm .In order to bring the pH value of the
chemical waste in the neutralizer tanks within the required range
of six to eight for evaporation, small amounts of sulfuric acid
and sodium hydroxide are injected from the acid and caustic
storage tanks through separate lines.
Various chemical solutions originating from laboratory,
equipment, and sample rack drains and decontamination stations
throughout the plant are collected in the chemical waste tank
located in the radwaste building. Auxiliary boiler blowdown
waste is also collected in the chemical waste tank due to the
possibility of radioactive contamination from evaporator tube
leaks. The chemical waste tank contents are recirculated by one
of the two redundant chemical waste tank pumps while remote grab
samples may be taken on the radwa te building sample rack.

Remote pH indic~tion with high and low point alarms are provided
in the radwaste control room. The pH value of the chemical waste
tank contents is adjusted in the. same manner as that of the

11. 2- 9
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chemical waste neutralizer tanks. Pumps for chemical wastes are
provided with automatic gland seal flushing with condensate.

Equipment and piping containing evaporator. concentrate is heat
traced to 130~P to prevent precipitation of solids from the
liquid and plugging of the lines.
During operation of a radwaste evaporator, distillate is
continuously collected in the, evaporator distillate sample tank
or the LRW sample tanks. One of two redundant. evaporator sample
tank pumps recirculates the tank contents through tank internal
mixing eductors while remote grab samples are taken at the
radwaste sample rack. Distillate meeting condensate quality is
then discharged to the condensate storage tank. Distillate that
does not meet the quality requirements is returned to the
chemical waste tank or the liquid radwaste collection tanks.
Surplus distillate may be discharged to the Susquehanna River by
way of the monitored discharge pipe.

Evaporatoz concentrate is directly discharged in batches to the
waste mixing tank of the zadwas..e solidification system described
in Section 11.4 or temporarily stored in the evaporator
concentrate storage tank.

This tank is associated with a single pump for recirculation and
transfer of the concentrate to the waste mixing tank of the
solidification system

The contzols and instrumentation of the liquid radwaste chemical
processing subsystem are as described in Subsection 11.2. 2. 1

except as follows.

The chemical waste neutra1izer, chemical waste, and evaporator
distillate sample tanks are equipped with level

recording'nstrumentationin place of indicating instruments to provide
evaporator performance records.

Inlet flow and pH value to each evaporator is indicated in the
radwaste control room with an alarm for high and low pH-

Radwaste Evaporators

Two radwaste evaporators are piped in parallel for simultaneous
operation and as backup to each other. Depending on the
concentration in the shell, each radwaste evaporator can process
15 to 30 gpm of radioactive waste. Concentration is limited by
precipitation of solids out of the solution and increased carry-
over of iodine and other volatile activity into the distillate to
approximately 25 w/o. The contents of one neutralizer tank or
the chemical waste tank can be processed through one or both
evaporators at the same time.
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Each evaporator can sepaxately process the contents of one tank
provided the suction streams are not mixed in cross-over lines.
The radwaste evaporators are nf the forced circulation design
with bowed titanium tubes for. chill-shock de..caling. A manhole
permits access to the shell fnr cl ean-o» t..

Heating steam is provided from tho two auxi].iary boilers in the
turbine building, allowing both evapo:atoxs to operate during
reactor shutdowns.

An electric heater is provi<leil in the evaporatoc shell to keep
the concentrate in solution during steam interruptions and
startups. The evaporators are designed for automatic unattendeil
process operation until the desired bottom concentration, as
rletermined hy on-line indication or local grab sampling, i"
ohtaine<l. Pump-out of the. cooled concentrate a.. a batch,
startup, and blowdown req»i"e attendance of an operator at the
radwaste control room panel.

Influent to the evapoxatocs is contco1.1~d by .he ].evel in the
shell to k eep the tubes submecged.

Through-put (distillate produced an 1 "eed cate) is man»ally set
and automatically control].ed by the flow of cooling wa+er to thedistillate condenser. The evaporators operate a, 0-5 psi<] and
are of fail safe design, recirculating the pcocess streams
internally when isolated.
The heating steam of +he <.vapor>toes is collocteil and cooled in
condensate return tanks for reuse in the auxiliary boile's.
A pump for cecycling and returning of this condensate to theauxiliary boiler deaerat or is provided wit h each t.ank. The
discharge stxeam is monitored and, upon high conductivity that
indicates an evaporator t»be l.eak, it is divex teil to the liguirl
radwaste collection tank..
Service water (cooling tower water <]ualit y) is usorl to cool the
evaporator distillate an<i the a»xiliacy steam con<lensato.

Inst umentation and con+rois of the evaporator assemblies a. e
located in the. radwaste contxol room an] include: evaporator
shell (concentrate) level inrlication wi.h high and low alarms,
concentrate temperature indication wi+4 low alarm, concentrate
recirculation flow low alarm, shell pcessuc» inlication with high
and low alarm, distillate con'lu"tivity indication with high
alarm, distillate temperature indication with high anil low
alarms, evaporator condensoc level inlication with high and low
alarms, condensate return tank ].evel in<lication with high and low
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alarms, evaporator condense" cooling wate" inle+ an:.7 out 1<.t
temperature ind,ication.

The evaporator shell is shielded by a concrete block wall to
reduce operator exposure during maintenance and repair of the
evaporator condenser, the concentrate nr distillate pumps and
instrumentation located in a local rack on the evaporator
assembly skid.

11 2.2.4 Liquid Radwas,e Laundry Processing Subsystem

Refer to Figure 11.2-12.

Detergent-containing wastewaters from the white and blue
laundries in t.he control structure and the rad waste building, an<1
from various equipment washdown stations and p< rsonnel
decontamination facilities throughout the plant, are routed to
the liquid radwaste laun<lry pro"essing .,ubsystem located in the
radwaste building.
The hulk of the input to this subsystem originates ..rom cl.othes
vashers using domestic water.

The wastewater processed in t.his syst<. m is expected to be
normally of low radioactivity as shown in Table 11.2- 13 (Laundry
Radwaste) . Influent to one of the t wo laundry lrain +anks i.
selected from the radwaste control room.

The two tanks are interconnected hy a 4« overflow line below the
overflov connection niped to the chemical rad"ast~ .,ump.

Each tank is associated with a nump for ecirculation through
internal mixing eductors or proce-sing of the content.'- through
one of two cartridge type foal"e"s.

The pumps are protected by coarse strainers in th suction lines.
Both pumps and filters ran he ope"ated simultaneousl.y. Cross-
connertions are provided to serve either or both filters hy one
pump-

An internal mixing educ+ox in the laund"y drain sample tank
ensures a repres<.ntative grah sample on the radwast< samnle rack.

Effluent from the sample .ank is normally discharged by one or
both laundry drain sample tank pumps <=h 'ough th< monit ored
discharge pip< into the cooling tower blov:1 own pipe. High
conductive filtrate can b< transferred to the chemical waste
tank. A return line a13ovs recycling of sampled vater hack to
the laundry drain tanks.
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The controls and instrumentation of the liquid radwaste laundry
processinq subsystem are as described in Subsection 11.2.2.1,
except as follows.

The laundry drain and laundry drain sample tanks are equipped
with level recording instrumentation instead of indicating..
instruments to provide performance records of the laundry drain
filters. High differential pressure through the wye strainers in
the laundry drain tank pump suction lines is alarmed in the
radwaste control room.

Launder Drain Filters
Two cartridqe type filters are piped in parallel for simultaneous
operation.

The purpose of these filters is to remove particulate
contamination such as lint from the laundry drain waste at a
normal flow rate of 25 gpm per filter assembly. The maximum flow
rate per filter assembly is 135 qpm with a removal'efficiency of
98 percent for 30 micrometer and 100 percent for 49 micrometer
particles on an absolute basis.

The corrugated epoxy impregnated cellulose fiber cartridges are
replaced when the pressure differential alarms in the radwaste
control room trip at a maximum set point of 70 psi.

Replacement, of the filter cartridges is done manually because of
the low expected radioactivity. Swing bolted housing closures
and lift rings facilitate replacement of the cartridges.

Dependinq on the activity level, the spent cartridges are
disposed in the compacted, solid waste or in the solidified
radwaste described in Section 11.4.

11 2.3 RADIOACTIVE RELEASES

Durinq liquid processing by the LWNS, radioactive contaminants
are removed so that the bulk of the liquid is restored to clean
water, which is either recycled in the plant or discharged to the
environment. The radioactivity removed from the liquids is
concentrated in filters, ion exchange resins, and evaporator
bottoms. These concentrated wastes are sent to the Solid
Radwaste System (SRS) for solidification, packaging, and eventual
shipment to a licensed burial ground. If the liquid is to be
recycled back to the plant, it must meet the purity requirements
for condensate makeup (Subsection 9. 2.6). If the liquid is to be
discharged, the activity concentration must be consistent with
the discharge criteria of 10CFR20. Normally, most of the liquid
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passinq through. the liquid radwaste 'and chemical processing
systems is recycled in the plant. However, the, treatment in
these systems is such that these liquids can be discharged from .

the plant after monitoring if required by plant water balance
considerations. Tritiated water will.be discharged from the"
systems consistent with the discharge criteria of 10CFR20.
Normally the liquid passing through the laundry drain processing
system is discharged directly, in accordance with 10CFR20
guidelines; however, it may be processed throuqh the chemical
processinq system if necessary.

The resulting doses from radioactive effluents will be with'in the
guideline values of Appendix I to 10CFR50. In addition to the
radioactivity limitations on releases, water quality standards
for discharge and heat content may necessitate recycling of

the'ater,rather than discharqinq. A detailed analysis of these
subjects is presented in Subsection 5.1.1,. of the Environmental
Report.

Although the plant discharges vary as stated above, this analysis
assumes the.followinq which are consistent with NUREG 0016:

a)

b)

Discharge of 1 percent of the liquid radwaste processing
stream

Discharge of 5 percent of the chemical processing:stream

c) Discharge of 100 percent of the laundry drain processing
stream.

The assumptions and parameters used to calculate the yearlyactivity releases are given in Table 11.2-8. The yearly activity
releases for each waste-stream and the total are given'in Table
1 1 2-13.

Design and administrative controls are incorporated into the LMMS
to prevent inadvertent releases to the environment. Controls
include administrative procedures, operator training, redundant
discharge valves, discharge radiation monitors that trip alarms
and automatic discharge valve closure (see Section 11.5). Prior
to any discharqinq, activity concentrations are measured in
samples taken from the various sample tanks. The discharge
header receives'effluents from the discharge points in the.LMllS
shown on Figure 11.2- 13. A single line is provided for
radioactive plant discharges to minimize the potential for
operator error. I

The processed liquid radwaste that is not recycled in the plantis discharged into the cooling tower blowdown pipe on a batch
basis at up to 280 qpm from the Liquid Radwaste Processinq System
(LRPS), 50 gpm from the Liquid Radwaste Chemical Processing
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I

System (LHCPS), anl 10 gpm from the Liquid Radvaste Laundry Drain
Processing System (LRLPS) . Plow is controlled by a flow control
valve. Therefore, the actual flow could be substantially less.
The total cooling tover blovdown flow of 10,000 gpm for bothunits dilutes above discharge rates by 'at least a factor of 35for the LRPS, 200 for the LRCPS, and 1000 for the LRLPS. Thisdilution occurs within the site boundary and is used .in
determining specific activity concentrations for the releases.
These concentrations and a comparison to 10CPR20 limits are givenin Table 11.2-14.

11 2 4 ESTIMATED DOSES

Dose calculations to assure compliance with Appendix I to 10 'CPR
Part 50 based on the liquid source term described above vere

. performed in accordance with USNRC Regulatory Guide 1. 109 by useof the USNRC computer code ~~LADTAP~~. To these purposes doses
vere calculated to a maximum individual consuming aquatic biota
and receiving shoreline exposure at the edge of the initial
mixing zone and drinking water from the nearest downstream supply(Danville) . Input data for these calculations are, given in Table11.2-15. The calculated doses vere 1.47 mrem/yr to the total
body of an adult and 2.39 mrem/yr to the bone of an .adult. Theseloses are well within the Appendix I design guides of 3.0 and

,10.0 mrem/yr to the total body and any organ, respectively. (SeeSections 5.2 of ER for further discussions) .
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TABLE 11 2-1

EXPECTED DAILY INPUTS AND ACTIVITIES TO THE
LIQUID MASTE hANAGENENT SYSTEH FROH TMO UNITS

Source

~Li uid Radvaste

Drywell Eguipment Drains

Drywell Floor Drains
Unident. floor drains
Drywell cooler drains
Steam valve seal leaks
Recirc valve seal leaks

Reactor Building Drains
Unident. floor drains
Cleanup pump seal leaks
Scram valve seal leaks
Scram valve intern. leaks
Steam valve seal leaks
Sample drains
RCIC 8 HPCI line drains

Turbine Building Central Area Drains
Unident. floor drains
Cond. pump seal leaks

. CRD pump seal leaks
Sample drains

Turbine Building Outer Area Drains
Unident. floor drains
Cond. dern in. resin cleaner

Radvaste Building Drains
Unident. floor drains
Off-gas system drains

RMCU Phase Sep. Decantate

Maste Sludge Phase Sep. Decantate
Cond. Demin. Resin Cleaner
Fuel Pool Backvash
Radvaste Filter Drain

RMCU Discharge

Expected Average
From Tvo Units

In Normal

4400

4400
(1000)
(1400)

(800)
(1200)

12, 124
(4000)

(100)
(540)

(3800)
(800)

(2880)
(4)

6900
(2000)
(1920)

(100)
(2880)

7863
(2000)
{5863) ~ »

2080
(2000)

(80)

648»»

1997< > J

250«J

Primary
Coolant
Activity
Fraction~

(PCA)

1 0

1 0

01

.01

01

.01

-002

. 002

Naximun Fxpected
Mith One <Jnit
Cold Star up,

One Unit Normal

4400

4400
(1000)
(1400)

(800)
(1200)

12, 124
(4000)

(100)
(540)

(3800)
(800)

(2880)
(4)

6900
(2000)
(1920)

(100)
(2880)

120,000
(2000)

(118 ~ 000)

2080
(2000)

(80)

2530

51,200

56,000

Recirc pump seal leak is only
expected source

Max. for back-to-back cond.
demin. resin cleaning without
regen.

!Jax. for back-to-back cond.
demin. resin cleaning without
regen

CRD coolant, bypass and



TABLE 11,2-1 ~Continued)

Source

Expected Average
From T«o Units

In Normal

Primary
coolant
Activity
FractionC

(PCA)

Naximum Expected
Mith One Unit
Cold Startup,

One Unit Normal

thermal expansion water during
cold startup (normally routed
to cond. hotwell)

TOTAL

Chemical Radwaste

40,262 259r634

Cond. Demin. Regeneration Chem. Neutralizing
Tanks

2952 CZ ) 52, 334

Lab and decon. drains

Aux. boiler blowdown

1000

153

0 02 1000

1786 !lax. for two boilers blowdown
of 1C over 24 hr

TOTAL 3605 54,720

Laundrv Radwaste

Laundry and Decontamination Drains 1300 C3) 6000

CX>
Ct>
C3>
C+3

These inputs are averaged. The expected batch sizes and freguencies are shown in Table 11.2-2.
See Table 11.2-7.
See Table 11.2-11.
See Tables 11.1-through 5 and 11.2-9 (Reactor Coolant) .





TABLE 11 2-2

EXPECTED BATCHED INPUTS TO THE L1QUED RADnASTE SYSTEM PROD THE SOLID
RADRASTE SYSTEN FOR NOR(XAL OPERATION OF TMO UNlTS

Source

First Intermediate
Collectors Input,

Batch Size Each/Time

Second Intermediate
Collectors Input.,

Batch Size Each/Time

Li~;uid Radwast
Collection '7ank Input

From Each Second
Interned. Collector,

Ba tch Si ze Each/Ti me

Four RACU F/D's Two cleanup backwash
receiving tanks,
1000 gal/3.4 days

Alternating at 60
days'ntervalfor one of two

cleanup phase separators.
2200 gal/3.4 days

2200 gal/3. 4 days

Two Fuel Pool F/D's One fuel pool backwash
receiving tank,
880 gal/9 days

One waste sludge phase
separator,
1950/18 days

Fourteen Cond
Deminineralizers

Two Radw. Filters

Two regen. waste
surge tanks,
7588 gal/9.26 days

One waste sludge
phase separator,
7588 gal/4.63 days

One waste sludge
phase separator,
500/2 days

9250 gal/4.63 days

Averaged Total Input to Radwaste Collection Tanks From
Solid Radwaste System 2648 gal/day



TABLE 11. 2-3

LIQUID BASTE NANAGEttENT SYSTEN COil PONFNT DESCRIPTION

A PUNPS
EQUIPttENT

NOS TYPE

USAGE DESIGN
CAPACITY TDH FACTOR DRIVER PRESSURE/TEHP

QUANTITY HATERIAL EACH, GPH FT NORHAL tlP PSIG/+f

Liquid Radwaste Processing

Collection Tank
Surge Tank
Sample Tank
Filter Precoat
Filter Aid Proport

OP-301A, B,C
OP-302
OP-305A ~ B~ C
OP-32tt A ~ B
OP-303,311

Horiz. Centr.
Horiz. Centr.
Horiz. Centr.
Horiz. Centr.
Reciprocating

SS
SS
SS
SS

SS/Hy pa ion

280
280
280
357

1. u8

300 0 11<>>
300
170 0 11<>>

97 0.015
230 0. 05

50
50
30

20
1

150/155
150/155
'l 50/1 55

150/155
175/150

Liquid Radvaste Chemical Processing

Neutralizing Tank
Neutralizing Tank
Chem. Maste Tank
Conc. Storage Tank
Evap. Dist. Sample Tank
Evap. Concentrate
Evap. Distillate
Evap. Condensate Return

1P-130A,B
2P-130Ai B
OP-326A, B
OP-328
OP-327AiB
OP-329A,B
OP-330A, B
OP-333A ~ B

Horiz.
Horiz.
Horiz.
Horiz.
Horiz.
Horiz.
Horiz.
Horiz.

Centr.
Centr.
Centr.
Centr.
Centr
Centr.
Cen tr.
Centr.

SS
SS
SS
SS
SS
SS
SS
SS

50
50
20
20
50
50
36
50

175 0 02~<>
175 0.02< < >

100 0 Ou~<>
180 0.012< > >

180 0 052< i >

70 0.075< > >

217 0.012< > >

155 0.012< > >

10
10

5
10
10
15

8
7. 5

150/155
150/155
150/155
150/155
150/155
150/223
150/125
150/21 2

Liquid Radwaste Laundry Drain Processing

Collection Tank
Sample Tank

OP-318A, B Horiz. Cen tr.
OP-319A,B Horiz. Centr.

SS
SS

25
10

220 0.036<» 15
120 0 09(> > 5

150/155
150/155
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TABLE 11.2-3 Continued

C. PROCESSING
EQUIPMENT

EQUIPMENT
NOS.

SIZE
TYPE QUANTITY EACH MATERIAL

CAPACITY
EACH> GPM

USAGE
FACTOR DESIGN
NORMAL PRESSURE/TEMP.

Liquid Radwaste Processing

Liquid Radwaste
Filter

OF-302A,B Vert.,
Centr.
Drycake
Discharge

2 „ 300 ftz SS 200 0.14 150/150

Liquid Radwaste
Demin.

OF-301 Mixed Bed,
Non-regen.

1 140 fta SS 200 0.17 150/140

Mist Eliminator OT-319 Vert. cycle
Mech. separ.

SS (700scfm) 0.015 150/250

Liquid Radwaste Chemical Processing

Radwaste Evaporator OE-302A,B Horiz.,
Bowed
Tubes.
Forced
Circulation

2 1200 ftz Shell: SS
1500 gal Channel: CS

Tubes&Sheets: Ti

30/15 0.075 Shell: 50/300
Tubes: 65/350

Evap. Absorption
Tower

Evap. Condenser

OE-304A,B Wite Mesh
Trays

OE-303A,B Horiz.,
U-tubes

2 5'diam

2 620 ftz

SS

SS

30

Shell: 16,400 lb/hr
Tubes:620,000 lb/hr

0.04 50/300

Shell: 50/300
Tubes: 150/200

Evap. Heating
Steam Cond.
Return Tank

OT-333A,B Horiz.,
U-tubes

2 . 40 fta Shell; Tubes &
Sheet: SS;
Channel: CS

Shell: 21,000 1b/hr
Tubes: 68,500 lb/hr

0.04 Shell: 65/350
Tubes: 150/200

Liquid Radwaste Laundry Drain Processing

Laundry Drain
Filter

OF-313A,B Vert.,
Cyl.>
Fiber
Cartridge

2 247 ftz Shell: SS 135 maximum, 25
Cartridge: Epoxy for 100'emoval
Impregn.Cellulose of 49 microns

0.018 150/250

Rev. 25, 7/81



TABLE 11.2-3 /Continued}

B TANKS
EgUIPNEN

NOS TYPE QUA NTITY HATERIAL
LIVE/NONINAL

CAPACITY'ACH'AL

DESIGN
PRESSURE/TENP

PSIG/DF

Liquid Radvaste Processing

Collection
Surge
Sample
Filter Precoat
Filter Aid

OT-302A thru F
OT-304A thru D
OT-303A thru F
OT-305
OT-310

Vert.
Vert.
Vert.
Vert.
Vert.

Cyl.
Cyl.
Cyl.
Cyl.
Cyl.

SS
SS
SS
SS
SS

11 100/15000
11100/15000
11100/15000

860/1280
50 0/800

Atmos./200
Atmos./200
Atmos./200
Atmos./200
Atmos /200

Liquid Radvaste Chemical Processing

Neutralizing
Neutralizing
Collection
Evap. Dist. Sample
Evap. Conc.

1T-130A,B
2T-130A ~ B
OT-31u
OT-321
OT-322

Horiz. Cyl.
Horiz. Cyl.
Vcrt. Cyl.
Vcrt. Cyl.
Vert. Cyl.

SS
SS
SS
SS
SS

14000/15000
1QOOO/15000
1 1800/15000
5700/7500
3730/5000

Atmos./200
Atmos /200
Atmos /200
Atmos /200
Atmos./200

Liquid Radvaste Laundry Drain Processing

Collection
Sample

OT-311Ai B
OT-312

V e rt. Cyl.
Vert. Cyl.

SS
SS

820/1000
10 20/1500

Atmos /200
Atmos. /200
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TABLE 11.2-3 /Continued)

«>Usage factors for these pumps consider recirculation of one tank (set) volume prior to discharge and continuous
recirculation for the evaporator system. Por the usage factors, flow from the liquid radwaste collection and
sample tank pumps is the same as the liquid radwaste filter capacity (200 gpm).

Dsage factor of processing equipment includes time for precoating, backwashing, discharging, etc.





TABLE 11 2-4

LIQUID RADMASTE SYSTEN FLOWS (Refer to Figure 11. 2-5)

Stream
No

Normal
Operation
of Both
Units
Aver'aged
Number
and Batch
Frequency

Normal
Operation

Nominal of Both Naximum
Volume/ Plov Units Av. Humber
Batch Rate Volume/ and Batch
(gal) (gpm) day (gpd) Prequency

Naximim
Volume/
Day (gpd) Comment

1. To Liquid Radvaste
Filter C Demineralizer
(From Coll. and Surge
Tanks)

1/0.55 days 22,200 200 40,412 1/0.125 days 177,0u9 Naximum during cold
startup of one unit

2. To Liquid Radvaste sample 1/0.55 days 22,200 200
Tanks (From Radv
Demineralizer)

40,412 1/0.125 days 177,049 Naximum during cold
startup of one unit

3. To Condensate Storage
Tanks (From Sample Tanks)

1/0. 55 days 22,200 200 40,412 1/0. 125 days 177,049 Naximum during cold
startup of one unit

To Plant Discharge
Pipe (Prom Sample
Tanks)

5. To Radvaste Evaporators
(Prom Neutr. Tanks)

22,200 200

1/4 63 days 13,668 50 2,960

'1/1.71 days

1/0.26 days

13 ~ 000

51,943

Naximum during startup of,
one unit vith tvo hydrogen
recombiners and condenser
hotvell deaerator on aux.
steam

Naximum during back-to-
back regeneration of one
unit

6. To Bad vas te E vaporators
(From Chem. Haste Tank)

1/10.3 days 11,850 20 1, 153 1/0.54 days 22,200 Naximum corresponds to
one liquid radvaste
collection tank set

7. To Distillate Sample Tank 2/3 1 days 5,700 30
(Prom Evaporators)

3,702 1/0. 12 day" 47,786 Volumes ate 90% of
evaporator inlet

8. To Condensate Storage
Tanks (Prom Dist Sample
Tank)

2/3.1 days 5,700 50 3,702 1/0.12 days 47,786 Naximum during back-to-
back regeneration of one
unit

9. To Plant Discharge pipe
(From Distillate Sample
Tank)

5,700 50 1/7.25 days 788 Excess distillate from
regeneration chemical
neutralization, lab drains,
and aux-boiler blovdovn.
Back-to-back regen. of: one
unit for max

10. To Laundry Drain Filters 1/0.63 days 820 25 1 i300 1/0.14 days 6,000 Naximum during startup of
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TABLE 11. 2-4 /Continued)

Stream
No

Normal
Operation
of Both
Units
Averaged
Number
and Batch
Frequency

Normal
Operation

Nominal of Both Narimum
Volume/ Flow Units Av. Number
Batch Rate Volume/ and Batch
(gal) (gpm) day (gpd) Frequency

Naximim
Volume/
Day (gpd) Comment

and Sample Tanks (From
Laundry Drain Coll. Tanks)

11. To Plant Discharge Pipe
(From Laundry Drain
Sample Tanks)

12. To Cooling Tower
Blowdown Line into River

1/1. 1 days 1,020 10

200

1,300 1/0.22 days

2,000

6,000

288,000

one unit

Normal includes excess
water from introduction
of other than condensate
water to plant inventory
(laundry water, demin.
water, chemicals, etc)
Nax. is permissible limit.

13. To Evaporator Concentrate
Storage Tanks or Waste
Nixing Tanks (From
Evaporator)

1/4.67 days 1,500 50 321 1/0.27 days 5,220 Volumes are 10% of
evaporator inlet. Batch
volume is evap. hold-up
volume.
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TABLE 11 2-5

EXPECTED RADIONOCLIDE ACTIVITY INVFNTORIES OF LIQOID HADWASTE SYSTEN CONPONENTS (Curies Per Component) «J

Isotope

Liquid Liquid
Radvaste Radvaste
Collector sample
Ta nk Tank

Chemical
Waste
Neutralizer
Tank

Chemical Evaporator
Waste Distillate
Collector Sa mple
Tank Tank

Evaporator Laundry
Concentrates Drain
Storage Collector
Tank Tank

Laundry
Drain
Sample
Tank

Liquid
Radvaste
Demineralizer

TRITION

H-3 4 2-1 4 2-1

COR RO SION
PRODUCTS

Na-24

P-32

Cr-51

Nn-54

Nn-56

Fe"55

Fe-59

Co-58

Co-60

Ni-63

Ni-65

Cu-64

Zn-65

Zn-69

FISSION
PRODUCTS

Br-83

Br-84

Br-85

I-131

8. 5-2r»

1. 9-3

7-2

5. 6-4

4.7-1

9 4-3

2 8-4

1. 9-3

3 8-3

9 4-6

2 8-3

2 8-1

1. 9-3

1 9-2

2 8-2

4. 7-2

2. 8-2

4. 7-2

8 5-3

1 9-4

4 7-3

5. 6-5

4 7-2

9 4-4

2 8-5

1 9-4

3. 8-4

9 4-7

2 8-4

2. 8-2

1. 9-4

1 9-3

2. 8-4

4. 7-4

2 8-4

4 7-4

2. 02-1

7. 38-2

16-3

2 66+1

8- 1-3

1. 8-4

4 5" 3

5. 4-5

4 5-2

8 9-4

2 7-5

1 8-4

3 6-4

8. 9-7

2. 7-4

2%7 2

1. 8-4

1 8-3

2 7-3

4. 5-3

2.7-3

4 5-3

9 0-5

3. 2-5

l. 9-6

1 % 2 2

6. 18-3

6 70+1

4. 3-5

1 7-5

3. 9-5

2. 6-6

7.5-7

2 9-6

6 8-6

6 5-3

3 2-10

4 5-6 6 9+1
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TABLE 11. 2-5 (Continued)

Isotope

Liquid
Radvaste
Collector
Tank

Liquid Chem ical
Radvaste Haste
Sample Neutralizer
Tank Tank

Chemical Evaporator Evaporator
Maste Distillate Concentrates
Collector Sa mple Storage
Tank Tank Tank

Laundry Laundry
Drain Drain Liquid
Collector Sample Radwaste
Tank Tanz Demineralizer

I-132

I-1 33

I-1 34

I-1 35

Rb-89

Cs-134

Cs- 136

Cs-137

Cs-138

Sr-89

Sr-90

Sr-91

Sr-92

Y-89m

Y-90

Y-91

Y-91m

Y-92

Y-93

Zr-93

Zr-95

Zr-97

Nb-95

2 8-1

1. 9-1

4 7-1

1. 9-1

4 7-2

2. 8-4

1. 9-4

6. 6-4

9. 4-2

9 4-4

5 6-5

3 8-2

9 4-2

3. 8 "4

5. 6-2

3. 8-2

6. 6-5

4 '-5
6 6-5

2 8-3

1. 9-3

4 7-3

1 9-3

2. 35-2

1 4-4

9. 5-5

3 3-4

4.7-2

9.4-6

5.6-7

3.8-4

9. 4-4

3. 8-6

5. 6-4

3. 8-4

6. 6-7

4 7-7

6.6-7

1.89>0

1. 13+1

1. 21+0

3. 72+0

1. 78-4

1. 59-2

1. 92-3

2.04-2

1. 66-4

9.32-2

7 84-3

5. 38-2

3.76-2

9.32-6

7.34-3

3.84+0

3. 16-2

6.70-2

5.72-2

4. 06-9

6.88-3

1 18-4

8. 46-3

2. 7-2

1 8-2

4. 5-2

1. 8-2

4.5-3

2. 7-5

1. 8-5

6 3-5

8.9-3

895
5.4-6

3 6-3

8 ) 3

3. 6-5

5.4-3

3. 6-3

6 3-6

4.5-6

6. 3-6

8. 4-4

5. 0-3

5 4-4

1. 7-3

8. 0-8

7 % 2 7

8. 6-8

9. 2-7

7. 4-8

4. 2-6

3 4-7

2. 4-6

1 7"6

4 2-10

3 4-7

1 ~ 7-4

4-6

3 0-6

2. 6-6

3. 0-7

5 4-9

3 8-7

4 58-2

l. 77+1

1 33-5

l. 98+0

2 26-2

4.88-3

5.40-2

2 44-1

2. 08-2

4 70-2

1. 90-3

2 44-5

1 97-2

1. 01+1

3.04-2

1. 80-2

5.36-2

1. 09-8

1. 82-2

1 67-4

2. 24-2

5. 6-5

1. 0-4

6 1-6

B. 6-6

9. 7-5

1 7-4

l. 1-5

1. 5-5

9. 9-2

1 9+1

1. 9-5

2 1+0

1. 4+0

3. 9-1

3 3+0

7. 6-10

4. 0+0

3. 1-1

9. 9-1

4. 0-2

4 0-4

2. 9-1

2. 8+0

6 4-1

3. 8-1

1. 1+0

l. 6-7

2. 9-1

3. 5-3

3.5-1





TABLE 11. 2-5 (Continuedl

Isotope

Liquid Liquid Chemical Chemical
Bad vaste = Radvaste Naste Haste
Collector Sample Neutralizer Collector
Tank Tank Ta nk Tank

Evaporator
Distillate
Sample
Tank

Evaporator Laundry Laundry
Concentrates Drain Dra in Liquid
Storage Collector Sample Radvaste
Tank Tank Tank Dcaineralizer

Nb-95a

Nb-97

Nb-97a

Nb-98

No-99

Tc-99

Tc-99m

Tc-101

Tc-104

Ru-103

Ru-105

Ru-106

Rh-103m

Rh-105

h 105m

Rh-106

Te-129

Te-129m

Te-131

Te-13 la

Te-132

Ba-139

Ba-140

Ba-141

3. 8-2

1 9-2

1. 9-1

8 5-1

7 5-1

l. 9-4

1. 9-2

2. 8-5

1. 8-4

l.9-2

2. 8-5

3 8-4

9 4-4

9. 4-5

9. 4-2

3. 8-3

9. 4-2

3. 8-4

1 9-4

1. 9-3

8. 5-3

7.5-3

1 9-6

1. 9-4

2 8-7

1 8-6

1 9-4

2 8-7

3. 8-6

9 4"6

9 4-7

9 4-4

3. 8-5

9 '-4

1. 28-4

1. 18-4

1. 10-4

1. 86-1

1 72-7

3. 30-1

2. 92-2

3. 34-2

l. 66-2

1 24-2

3. 72-2

1. 63-2

1. 23-2

2. 96-3

3. 72-3

l. 99-2

3. 10-2

7.50-4

4. 16-3

1 08-3

1. 92-2

l. 63-1

4. 16-3

3 6-3

1 8-3

1 8-2

8 1-2

7. 1-2

1.8-5

1.8-3

2. 7-6

1. 7-5

1 8-3

2 7-6

3. 6-5

8 9-5

8 9-6

8 9-3

3.6-4

8 9-3

5. 8-9

5. 4-9

5 0-9

8 4-b

1 5-5

1. 3-6

1 5-6

7. 4-7

5. 4-7

1 7-7

7 4-7

5. 4-7

1 3-7

1. 7-7

9 0- I

1 4-6

3 4-8

1 9-7

4. 8-8

8 6-7

7.4-6

1. 9-7

3. 42-4

1 80-4

1. 55-4

4. 18-1

4. 58-7

4. 58-1

36-2

2 92-3

9. 88-3

4.26-2

2.74-2

7.02-4

5 88-3

5 22-2

8 14-2

1. 41-4

7. 74-3

2. 50-3

2 14-4

4 16-1

6. 1-7

1 0-5

1 1-6

1. 7-5

5. 3-3

3. 7-3

3 ~ 3 3

8~ 8-7

8 8+0

6 7-6

9.9+0

7. 3-1

0% 1-2

1 5-1

7. 2-1

5. 8-1

1. 5-2

l. 5-1

8 9-1

1 4+0

5. 3-2

4 5-4

1 6+1
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TABLE 11.2-5 (Continued)

Isotope

Liquid
Radvaste
Collector
Tank

Liquid Chemical
Radvaste Maste
Sample Neutralizer
Tank Tank

Chemical
Naste
Collector
Tank

EvaporatorDistillate
Sa mpl e
Tank

Evaporator Laundry Laundry
Concentrates Drain Drain Liquid
Storage Collector Sample Radvaste
Tank Tank Tank Demineralizer

Ba-102

La-140

La-101

La-142

Ce-101

Ce-143

Ce-144

Pr-143

Pr-140

Nd-140

Nd-147

PIR-147

N-187

Np-239

Pu-239

5 6-2

3. 7-3

9 4-2

0 7-2

2. 8-4

2. 8-4

2. 8-5

3 8-4

2 8-5

2. 8-5

2 8-3

6 6-2

5 6-4

3.7"5

9 4-0

0 7-0

2 8-6

2 8-6

2 8-7

3 8-6

2 8-7

2 8-7

2 8-5

6. 6-0

1. 53-3

1.61-1

4. 16-3

1. 22-2

2. 56-2

1 38-3

3 66-3

1 84-2

3 66-3

1 07-3

3. 20-5

5. 48-1

2 26-6

5 0-3

3. 5-5

8 9-3

4.5-3

2 7-5

2.7-5

2 7-6

3.6-5

2 7-6

2 7-6

2 7-4

6. 3-3

6 8-8

7. 2-6

1 9-7

5 4-7

1 2-6

6. 2-8

l. 6-7

8 2-7

1 6-7

8-8

2. 0-5

0. 28-1

7. 08-4

3. 12-5

6 74-2

2 60-3

9.72-3

74-2

9.72-3

2.74-3

8. 70-5

1. 20+0

6 10-6

1 7+1

1. 6-2

1. 2+0

5. 6-2

1. 5-1

9. 2-1

1. 5-1

5. 5-2

1 1-3

2. 5+1

8. 9-5

Typical: 8.5-2 means 8.5x10-~
Values are curies per component filled to its live capacity.



TABLE 11. 2-6

DESIGN BASIS RADIONUCLIDE ACTIVITY INVENTORIES OF LIQUID RADNASTE SYSTEN COMPONENTS (Curies Per Component) <»

Isotope

Liquid
Radwaste
Collector
Tank

Liquid Chemical
Radvaste Waste
Sample Neutralizer
Tank Tank

Chemical Evaporator
Haste Distillate
Collector Sample
Tank Tank

Evaporator Laundry Laundry
Concentrates Drain Drain Liquid
Storage Collector Sample Radvaste
Tank Tank Tank Demineralizer

TRITIUN

H-3 4 2-1 4- 2-1

CORROSION
PRODUCTS

Na-24

P-32

Cr-51

Nn-54

Hn-56

Fe-55

F e-59

Co-58

Co-60

Ni-63

Ni-65

Cu-64

Zn-65

Zn-69

FISSION
PRODUCTS

1. 9-2

1 9-4

4.7-3

3 8-4

4. 7-1

7. 5-4

4. 7-2

4 7-3

2 8-3

1 9-5

9 3<1 >

1. 9-5

4 7-4

3.8-5

7-2

7. 5-5

4 ~ 7-3

4 7-4

2.8-4

1. 9-6

1. 8-3

1. 8-5

4 5-4

3. 6-5

4 5-2

7 1-5

4. 5-3

4 5-4

2 7-4

1.8-6

2. 9-5

4 3-4

4. 9-5

5. 0-7

7 3-5

8.5-6

Br-83

Br-84

Br-85

I-131

1. 4-1

2. 5-1

1. 6-1

1. 2-1

1. 4-3

2. 5-3

1. 6-3

1 2-3

1. 00+0

3. 98-1

2. 36-2

6.94+1

1. 3-2

2 4-2

1. 5-2

1 2-2

4 6-4

1 8-4

1. 1-5

3'% 2

3 10-2

l. 74+2 6 8-6 1. 2-5

3 ~ 2 2

1 8-9

1 7+2
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TABLE 11. 2-7

RADIONUCLIDE ACTIVITY CONCENTRATIONS IN CONDENSATE
DEMINERAL'IZER REGENERATICN CHEMICAL 'MASTE ( PCi/qm)

Isotope Expected Design Basis

Haloaens

Br-83
Br-84
Br-85
I-131I-132
I-1 33
I-134
I-135

Fission Products

3.8-3*
1 w 3 3
7. 8-5
5.0-1
3. 6-2
2 & 2 1

2& 2 2
7- 0-2

1 9-2
7. 4-3
4. 4-4
1.3+0
1. 4-1
9. 4-1
1. 1-1
4. 6-1

Rb-89
Cs-134
Cs-136
Cs-137
Cs-138

Sr-89
Sr-90
Sr-91
Sr-92
Y-890!
Y-90
Y-91
Y-91m
Y-92
Y-93
Zr-93
Zr-95
Zr-97
Nb-95
Nb-95m
N b-97
Nb-97m
Mo-99
Tc-99
Tc-99m
Tc-101
Tc-104
Ru-103
RQ-105
Ru-106
Rh-103m
Rh-105
R}1-105m

3. 4-5
3. 0-4
3. 6-5
3 8-4
3. 2-5

1. 8-3
1. 5-4
1 0-3
7.0-4
1. 8-7
1. 4-4
7 w 2 2
6. 0-4
1 % 3 3
1 w 1 3

1. 3-4
2. 2-6
1. 6-4
2. 4-6
2. 2-6
2. 0-6
3. 6-3
3 2-9
6. 2-3
5. 4-4
6. 4-4
3. 2-4
2.2-4
7.0-5
3. 0-4
2. 4-4
5. 6-5

8. 6-4
2. 0-4
1. 3-3
9. 0-4

5. 4-2
5. 6-3
1 & 7 2
7 8-3
5. 4-6
5 4-3
8. 4-3
1 0-2
7.8-3

7. 4-4
1. 4-5
9 4-4
1. 4-5
1. 4-5
1. 3-5
3. 8-2
4. 0-8
7. 8-2
8. 6-4

3. 0-4

6. 0-5
3. 0-4
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TABLE 11.2-7 QContinuedg

Isotope Expected Desiqn Basis

R11- 106
Te-129
Te-129m
Te-131
Te-131m
Te-132
Ba-139
Ba-140
Ba-141
Ba-142
La-140
La-141
Ce-141
Ce-143
Ce-144
Pr-143
Pr-144
Nd-144
Nd-147
Pm-147
M-187
Np-239
PU-239

7. 0-5
3. 8-4
5. 8-4
1. 4-5
7. 8-5
2. 0-5
3. 6-4
3. 0-3
7 8-5
2. 8-4
3 0-3
7. 8-5
4. 8-4
2 6-5
7. 0-5
3. 4-4
7. 0-5

2. 0-5
6 2-7

1. 0-2
4. 2-8

6. 0-5
3. 8-4
5. 8-4

1. 0-4
5 8-3
7.0-3
1 w 3 3
8 2-1
6. 8-3
1 ~ 3 3
1. 5-3
3. 0-5
8. 0-4
3.4-4
8. 0-4

9.4-5
2. 8-6

3. 6-1
1. 5-6

Typical: 1. 9-3 means 1.9x10-~



TABI E 11 28
ASSUMPTIONS AND PARAMETERS USED FOR EVALUATION OF RADIOACTIVE RELEASES

ITEM VALUE OR REFERENCE SOURCE

1 GENERAL

a) Maximum core thermal power (MWT) evaluated for
safety considerations

b) Total quantity of tritium released from one
unit (Ci/yr)

2 NUCLEAR STEAM SUPPLY SYSTEM

3440

89

FSAR 4 1

NUREG 16

a) Total steam flow (lb/hr) for valve wide
open (VWO)

b) Mass of reactor coolant (lb) in vessel at full
power

3 REACTOR WATER CLEANUP SYSTEM

a) Average flow rate (lb/hr)

b) Powdex demineralizer size (lb of dry resin
incl. 10 w/o crud)

c) Replacement frequency (days)

d) Backwash volume (gal/event)

4 CONDENSATE DEN INERALIZERS

1 4+7( i)

3. 8+5

1 33+5

30

3 4

1000

FSAR 5 1

FSAR 5 1

FSAR 5 4-8

FSAR 5 4 8

FSAR 11 2

FSAR 11. 2

a) Average flow rate (lb/hr) total for 6 vessels
(VWO)

b) Deep bed demineralizer size (ftm of resin
per vessel)

1 4+7

276

FSAR 5 1

FSAR 10. 4 6

Typical: 1. 4+7 means 1.4x10v
The system design regeneration frequency of 9.26 days is due to the use of a non-ultrasonic resin cleaning
process prior to regeneration (see Section 10.4.6) . Suspended solids from the resin cleaning are transfer=ed
to the solid radwaste system and do not contribute to the liquid radioactive release. The radioactive effluent
from the regeneration (excluding corrosion products) is processed normally through the evaporators in the
liquid radwaste chemical processing system.
Spent resins from the radwaste demineralizer are sluiced to the solid radwaste system.



TABLE 11 2-8 /Continued)

ITE'l VALUE OR REFERENCE SOURCE

c) Number of demineralizers

d) Regeneration frequency (days) «>

e) No ultrasonic resin cleaning~ »
f) Regenerant volume (gal/event)

Regenerant activity ( u Ci/gm)

5 LIQUID MASTE PROCESSING SYSTEN

a) 1) Sources, flov rates, and expected
activities in flow streams

6 plus 1 out of service

9 26

N/A

14,000
Table 11. 2-7

Tables 11. 2-4; 11. 2-7; 11. 2-10;
11.2-13

FSAR 10- 4 6

PSAR 11. 2

FSAR 11 2
PSAR 11 2

PSAR ll 2

2)

3)

4)
5)

6)

7)

Holdup times for collection, processing,
and discharge
Capacities of tanks and processing
equipment
Decontamination factors
Yraction from each stream discharged

Liquid Radvaste Processing System
Liquid Radvaste Chemical Processing System
Liquid Radvaste Laundry Drain Proc. Sys.

Radvaste demineralizer regeneration
frequency (days)
Radvaste demineralizer regeneration
volume (gal/event)
Liquid source terms for normal
operation (Ci/yr)

Table 11. 2-11

Table 11.2-3
Table 11.2-12

.01
05

1 0

None<»

None<»

Table 11. 2-14

FSAR 11 2

FSAR 11 2
NUREG 16, FSAR 11 2

NUREG 16~ FSAR 11 2
MUREG 16'S AR 11. 2
NURFG 16~ YSAR 11 2

PSAR 11. 2

FSAR 11. 2

PSAR 11 2

b) PGIDs and process flov dravings for liquid
radwaste systems

6 HAIN CONDENSER AND TURBINE GLAND SEAL AIR RENOVAL SYSTENS

Pigures 11.2-8 through 11.2-12 FSAR 11 2

a) Holdup time for offgas prior to offgas
treatment system (hr)

b) Description of offgas treataent system

c) Offgas treatment system

1) Nass of charcoal (lb)
2) Operating/dev point (o F)
3) Dynaa ic adsorption coef f. Xe, K r (cma/g)

d) Gland seal steam flow (lb/hr) and source

0 15

PSAR 11 3

25,000 (normal) steam from
condensate

FSAR 11.3

FSAR 11 3

FSAR 11 3
PSAR 11 3
FSAR 11 3

PSAR 10. 4 3

e) Radioactive iodine reduction systems for the



TABLE 11.2-8~Continued}

ITEN VALUE OR REFERENCE SOURCE

gland seal system

f) PGIDs and process flow drawings for gaseous
waste systems

7 VENTILATION AHD EXHAUST SYSTEHS

N/A

Figures 1 1 3-1 through 11 3-5

H/A

FSAR 11 3

a) Provisions to reduce releases in individual
buildings

b) Decontamination factors in individual buildings

c) Release rates Ci/yr

d) Release points - heights, temperatures, size,
and shape of orifices

e) Containment purge frequency (per year)

8 EXPECTED RADIONUCLIDE ACTIVITY CONCENTRATIONS IN
REACTOR COOLANT AHD HAIN STEAN USED POR EVALUATION
OP RADIOACTIVE RELEASES

Table 11.3-4

Table 11. 3-4

Table 11.3-1
11 3-3

Pigure 11.3-5

Table 11.2-9

FSAR 9 4r 11 3

NUREG 16 BTP EZSB 11-2

PSAR 1 1 3

PSAR 11. 3

FSAR 11. 3

NUREG 16 r PSAR 1 1



Page 2

TABLE 11.2-13

EXPECTED YEARLY ACTIVITY RELEASED FROM LIQUID RADWASTE MANAGEMENT SYSTEMS (Ci/yr)
USED FOR EVALUATION OF COMPLIANCE WITH APP. I OF 10CFR50

LRW

Processing
System

LRW Chemical
Processing

System Total LRW

Ad)usted
Total

Detergent
Wastes Total

Fission Products (Cont'd.)

Zr-95
Nb-95
Nb-98
Mo-99
Tc-99m
Te-101
Ru-103
Rh-103m
TC-104
Ru-105
Rh-105m
Rh-105
Te-129m
Te-129
Te-131m
Te-131
I-131
Te-132
I-132
I-133
I-134
Cs-134
I-135
Cs-136
Cs-137
Ba-137m
Cs-138
Ba-139
Ba-140
La-140
La-141

4.0-5
1.05-3
4.55-3
1.0-5
1.0-5
1.0-5
3.0-5
2.9-4
2.9-4
9. 0-5
2 ~ 0-5
1. 0-5
5. 0-5
1. 0-5
2.82-3
1.0-5
1.88-3
8.25-3
7.7-4
1.8-4
4.32-3
1.1-4
4.1-4
3.8-4
3.0-4
2.7-4
2.3-4
4.0-5
1.0-4

2. 0-5
2. 0-5

1.0-5
1.0-5

5.554-2

1.66-3

1.0"5

1. 0-5
1. 0-5

4. 0-5
4. 0-5

1.0-5
1.0-5
4.0-5
1.07-3
4.57-3
1.0-5
1.0-5
1.0-5
3.0-5
2.9-4
2.9-4
9.0-5
3.0-5
2.0-5
5.0-5
1.0-5
5.835-2
1.0-5
1.88-3
9.91-3
7-7-4
1.8-4
4.32-3
1.1-4
4.3-4
4.0-4
3.0-4
2.7-4
2.7-4
8.0-5
1.0-4

2.0-5
2.0-5
9.0-5
2.43-3
1.04-2
2.0-5
4.0-5
4.0-5
6.0-5
6.6-4
6.6-4
2.1-4
7.0-5
5.0-5
1.0-4
2.0-5
1.325-1
1.0-5
4.26-3
2.25-2
1.74-3
4.1-9
9.82-3
2.6-4
9.7-4
9.0-4
6.8-4
6.2-4
6.1-4
1.9-4
2.4-4

1.4-4

6.0-5

1.3-2

2.4-2

2.0-5
2.0-5
9.0-5
2.43-3
1.04-2
2.0-5
1.8-4
4.0-5
6.0-5
6.6-4
6.6-4
2.1-4
7.0-5
5.0-5
1.0-4
2.0-5
1.325-1
1.0-5
4.26-3
2.25-2
1.74-3
1.34-2
9.82-3
2.6-4
2.5-2
9.0-4
6.8-4
6.2-4
6.1-4 "

1.9-4
2.4-4



TANK

TABLE 11.2-16

TANKS OUTSIDE REACTOR CONTAINHENT WHICH CONTAIN POTENTIALLY RADIOACTIVE LIQUIDS

E UIPT. NO. LOCATION LEVEL INSTRUHENTS OVERFIOW PROVISIONS

Liquid Radwaste Processing System:

Collection Tk
Surge Tk
Sample Tk
Filter Precoat Tk
Filter Aid Tk
Spent Resin Tk

LRW Chemical Processing System:

Neutralizer Tk

Collection (Chem Waste) Tk
Evap. Dist. Sample Tk
Evap. Conc. Storage Tk

LRW Laundry Drain Processing:

Collection Tk

Sample Tk

LRW Collection System:

Chemical Drain Tk
Laundry Drain Tk

OT-302A thru F
OT-304A thru D
OT-303A thru F
OT-305
OT-310
OT-324

1T-130A,B
2T-130A,B
OT-314
OT-321
OT-322

OT-311 A,B

OT-312

OT-114
OT-115

646-J-9
646-J-7
646-J-5
676-G-9
676-G-8
646-G-6

656"M-12
656-H-45
646-H-8
646-L-5
646"H-5

646-N-10

646-L"9

656-K-26
646-K-28

I, AHH (OC301)
I, AHH (OC301)
I> AHH (OC301)
AH (OC307)
AH (OC307)
Is AH (OC323)

R, AH (OC301)
R, AH (OC301)
R> AH (OC301)
R, AH (OC301)
I, AH (OC301)

R, AH (OC301)

R, AH (OC301)

AHH (1C692)
AHH (1C692)

Paired tanks 0/F to LRW funnel
Paired tanks 0/F to LRW funnel
Paired tanks 0/F to LRW funnel
0/F routed to Waste Sludge Phase Separator
0/F routed to Waste Sludge Phase Separator
0/F to LRW funnel

Paired tanks 0/F to CRW.

Paired tanks 0/F to CRW.

0/F to CRW funnel (or pump suction)
0/F to CRW funnel (or pump suction)
0/F to CRW funnel (or pump suction)

A tank overflows to B tank; B tank
has 0/F to CRW funnel (or pump suction).

0/F to CRW funnel

0/F to LRW funnel
0/F to LRW funnel

Rev. 25, 7/81



TABLE 11.2-16 (Continued) Page 2

EgUIPT. NO. LOCATION LEVEL INSTRUMENTS OVERFLOW PROVISIONS

Solid Radwaste Collection System:

RWCU Phase Separator
Waste Sludge Phase Sep
Regeneration Waste Surge

Tank
RWCU Backwash Receiving

Tank
Fuel Pool Backwash Receiving

Tank

Air Removal 8 Sealing Stm:

Mech. Vacuum Pump Water
Separator/Silencer

Cnds. 8 Refuel Water Storage:

Refuelding Water Storage Tk

Condensate Storage Tk A

Condensate Storage Tk B

OT-318 A,B
OT-331
1T-106 A,B
2T-106 A,B
1T-225
2T-225
OT-203

1T-107
2T-107

OT-501

OT-522A

OT-522B

646-G-4
646-G-5
656-N-15
656-N-43
749"P-23
749-P-35
762-Q-28

656-J-27
656-J-32

Outside

Outside

Outside

I, AHH ( C323)
I, AHH (OC323)
AHH (1C121, OC323)
AHH (2C121, OC323)
I, AHH (OC323)
I, AHH (OC323)
I (OC323, OC307);

AH (OC323)

I (OCB517);
R, AHL (OC653)

I (OCB518A);
R, AHL (OC653)

I (OCB518B);
R, AHL (OC653)

0/F to LRW funnel (or pump suction).
0/F to LRW funnel (or pump suction).
Combined 0/F to LRW funnel.
Combined 0/F to LRW funnel.
0/F to LRW funnel.
0/F to LRW funnel.
0/F to LRW funnel.

0/F to LRW funnel.
0/F to LRW funnel.

RFWST and Cnds Sto Tk "A" have
a common dike and sump. Sump
can be drained to TBLRW (or
storm sewer) or a portable pump
can be connected to installed
flanged suction pipe. Tank has
0/F to TBLRW.

Dike and sump. Sump can be drained
to TBLRW (or storm sewer) or a
portable pump can be connected
to installed flanged suction pipe.
Tank has 0/F to TBLRW funnel.

REV. 1 8/78
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TABLE 11.2-16 (Continued) Page 3

EqulPT. NO. LOCATION LEVEL INSTRUMENTS OVERFLOW PROVISIONS

FPC 6 CU Skimmer Surge Tk

Fuel Pool Filter/Demineralizer:

1T-208

2T-208

779-R-28

779-R-30

I (1C206); AH (1C206, Skimmer Surge Tank is interconnected
OC211) with Fuel Storage Pool via Skimmer
I (2C206); AH (2C206, Drain
OC211)

Resin Tk

Precoat Tk

Clean Up F/D Precoat Tk

OT 202

OT-201

lT-209

779-Q-27

779-P-27

774-P-24

None

None

AH (1C040)

Overflows to Fuel Pool Backwash
Receiving Tk

Overflows to Fuel Pool Backwash
Receiving Tk

Batch-and high-level 0/Fs to
RWCU Backwash Receiving Tk
(or Chem Waste Tk).

NOTES

(1)This table does not include water inventories in steam-cycle pressure vessels.

(2)Location of tank is indicated by elevation and nearest column-line.

I = Indicator(3)
AH = High level alarm
AHH = High-high level alarm
R = Recorder
AHL = High-low level alarm
6 = Sight gage

(4) Panel-board location of instrument is shown enclosed by parentheses.
0/F = Overflow
LRW = Liquid Radwaste System
CRW = Chemical Radwaste System
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11.3 GASEOUS- WASTE MANAGEMENT SYSTEMS-

11 3. 1 DESIGN BASES

11. 3.1.1 - Design Objective

The qaseous waste management systems (GWMS) are designed to
process and control the release of gaseous radioactive wastes to
the site environs so that the total radiation exposure of
persons in 'offset:te areas is as low as reasonably achievable and
does not exceed applicable guidelines. This is to be
accomplished while maintaining the occupational exposure as low
as reasonably achievable and without limiting plant operation or
availability.

11.3 1.2 Design Basis.

The gaseous waste systems are desiqned to limit offsite doses
,from routine station releases to significantly less than the
limits specified in 10CFR20, and to operate. within the dose
objectives established in 10CZR50, Appendix I.
The design basis and. maximum expected source terms correspond to
100,000 and 60,000 ft Ci/sec xespectively of noble radiogas after
a 30 minute delay. Table 11.3-1 lists the quantities of nuclides
expected to be released to the environs when operating at the
maximum expected failed fuel levels. The expected doses to
individuals at or beyond the site boundary are shown in
Subsection 11.3.4 and Environmental Report Subsection 5.2.4 2.

A description of the major equipment items in the offgas systemis provided in Table 11.3-5. The seismic and quality group
classifications of the GWMS components, piping and structures
housing them are listed in Section 3.2.

Conservative analyses similar to those presented in Ref 11.3-1
demonstrate that equipment failure cannot result in doses
exceeding acceptable guidelines; thus, neither the offgas system
nor the buildings housing the equipment were designed to meet
Seismic Category I requirements; however, the offgas structure
walls are part of the total structural shear wall system and were
analyzed. to withstand the effects of earthquakes.

The failure of the Ambient Temperature Charcoal Offgas Treatment
system is analyzed in Subsection 15.7. 1. 1. The related failure
of the steam jet air ejector lines and failure of the main
turbine gland sealing system are analyzed in Subsections 15.7.1.3
and 15.7. 1.2 respectively.

Rev. 5, 2/79 11&31
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11 3 2 SYSTEM DESCRIPTIONS

11. 3. 2. 1 Off@as ~Sstem

Noncondensible radioactive offgas is continuously removed from
the main condenser by the steam jet air ejector (SJAE} during
plant operation. This is the major source of gaseous releases
from the plant and is larger than all other sources combined.
The SJAE offgas will normally contain activation gases,
principally N-16, 0-19, and N-13. The N-16 and 0-19 have short
half-lives and are readily decayed. The N-13, with a 10-minute
half-1ife is present in small amounts that are further reduced by
delay. The SJAE offgas will also contain various isotopes of the
radioactive noble gases Xe and Kr, precursors of biologically
significant Sr-89, Sr-90, Ba-140, and Cs-137. The concentration
of these noble gases depends on the amount of tramp uranium in
the coolant and on the cladding surfaces (usually extremely
small) and the number and size of fuel cladding leaks. An offgas
system has been provided to treat these radioactive sources.
This system utilizes catalytic recombination and charcoal
adsorption as discussed below.

The building layout and equipment location of the offgas system
components is shown on Figures 11.2-3 through 11.2-7.

11. 3. 2. 1. 1 Process Flow Description

The noncondensible gases in the main turbine condenser are
removed by a two stage steam jet air ejector '(SJAE) and
discharged to the offgas recombiner system. During startup,
clean auxiliary steam maybe used 'to drive the SJAE and the
recombiner system to minimize operation of and untreated
noncondensible releases from the mechanical vacuum pump After
startup, pressure reduced. steam from the main steam line is used.

Because of the limited motive steam capacity of the second stage
SJAE, additional d.ilution steam to maintain the H2 concentration
below 4% by volume in the offgas stream, bypasses around the
ejector nozzle to the discharge This arrangement allows
adjusting the total dilution steam flow without sacrificing SJAE
performance. The offgas-steam flow then enters the associated or
the common standby catalytic recombiner system through an
electrically heat traced piping manifold. This prevents
condensation of the dilution steam particularly during cold
start-up. The purpose of the recombiner system is to reduce the
offgas volume and eliminate the potential for explosion .by
controlled recombination of the radiolytic hydrogen with oxygen
to less than 1% concentration by volume on a dry basis of 5 scfm
air:-flow and less than 0.5% concentration for an air flow of at
least 10 scfm.

Rev. 18, ll/80 1 1 e 3 2
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The offgas first passes through the recombiner preheater in order
to minimize the moisture contents prior to entering the cata'lyst
bed. The recombination process takes place inside the recombiner
vessel which is electrically preheated during standby to a range
of 240 F to 270 F by strip heater on the outside. The
reaction temperature is approximately 800~F

The moisture in the offgas leaving the recombiner vessel is
removed in the recombiner condenser where the offgas is cooled to
150~F. A motive steam jet then boosts the saturated qas stream
pressure from below to slightly above atmospheric pressure.

The reduced pressure main or auxiliary motive steam used in the
motive jet is then removed from the offgas stream in the motive
steam jet condenser and the 150~F offgas passes through a delay
pipe from the recombiner system in the turbine building to the
ambient temperature charcoal offgas system in the

radwaste'uilding.

The pressure differential between the condensezs in the
recombiner systems and the main condenser is sufficient to drain
the condensate without additional motive force to the main
condenser, while the delay pipe is drained .by level controlled
valves to the turbine building radwaste sump

The delay line varies in diameter from 8 to 16 in. and is
approximately 600 ft in length. At the design flow rate of
30 scfm, this pipe 'provides for approximately nine minutes of
decay of the radioactive products in the offgas stream prior to
enterinq the adsorption train.
After exiting this line, the gas mixture passes through a HEPA
prefilter to remove any radioactive particulate material that may
be entrained in the process stream. The gas is then cooled to
approximately OO~F by a refrigerated chiller unit and reheated to
approximately '65~F to prevent condensation. Moisture and.
temperature instrumentation measure the process conditions
downstream of the chille to monitor the perform'ance of the water
removal assemblies and to guard against degraded charcoal
performance that might result from either an increase in the
moisture content or temperature of the qas

Prior to entering the main charcoal vessels, the process stream
passes through, a sacrificial guard bed. The principal function
of this guard bed is to absorb impurities that may be entrained
in the process qas that might adversely af feet the performance of
the charcoal adsorbent. Each guard bed has been sized to absorb
the moisture that might result from a failure of the chiller over
a period of 08 hours. This design feature, in conjunction with
the moisture and temperature instrumentation, should provide
adequate protection aqainst the contamination of the charcoal
adsorber bed. Differential pressure indication is provided as a
backup to the moisture instrumentation.

Rev. 18, 11/80 1 1 w 3 3
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After passing through the guard bed, the gas enters the main
charcoal adsorption bed. This bed, operating in a controlled
temperature vault, selectively adsorbs and delays the xenon and
krypton from the bulk., carrier gas. This delay on the charcoal
permits the xenon and, krypton to decay in place. After
undergoing a sufficient. decay in the charcoal vessels, the

18( process stream passes through a HEPA outlet filter, where
radioactive particulate. matter and possible charcoal fines are
retained. This stream is continuously monitored and an alarm

5) will annunciate any abnormal releases from this system.
1

The process stream is then directed to the turbine building
5 ventilation exhaust duct where it is diluted wi th minimum

42,000 scfm of air prior to heing released from the top of the
reactor building. Table 1'1.3-1 indicates the estimated annual
release rates from the turbine building of various isotopes.

11 3.2.1.1.1 Process ~low Diagram

Figure 11.3-1 is the process flow diagram for the system. The
process data for startup-and normal operating conditions are
contained in Table 11.3-8.

11 3. 2. 1.1.2 Pgocess ynd Instrumentation Diagram+PSI~D

18[ The 0am is shown as Figures 10.4-9, 11.3-3, hen an0 11.3-4.

1~13.2.1 1.3 process Design Parameters

18I

The krypton and xenon holdup times are closely approximated by
the following equation

'D
(Eq uation 11. 3-1)

Where:

holdup time of a given gas

18) KD dynamic adsorption coefficient for a given noble
gas

mass of charcoal adsorber

flow rate of the carrier gas.

Rev. 18, ll/80 11. 3-4
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Conservative dynamic adsorption coefficients of 420 cc/gm for
xenon and 23.7 cc/gm for krypton were assumed for the charcoal
adsorbent material They vere derived by adjusting the values
presented in NUREG 0016 for the temperature and humidity
conditions of the Susquehanna SES offgas process stream.

Dynamic adsorption coefficients for xenon and krypton have been
reported by Browning {Ref. 11.3-2) . General Electric has
performed pilot plant tests at their Vallecitos J.aboratory, and
the results vere reported at the Twelfth AEC Air Cleaning
Conference (Ref. 11.3-6). Further data on a similar system
operating at ambient temperature are reported in Ref 11.3-3.

The temperature adjustment vas obtained by a straight-line
interpolation of the coefficients provided, in NUREG 0016 for the
following data points. 770F, dev point ODF and, OOF, dev point'-20 F- The moisture content of a gas mixture at these tvo pointsis relatively low and thus the variations in adsorption
coefficients between these points is mainly a .function of
temperature. The coefficients thus obtained were adjusted to
reflect the effects of moisture content in a manner consistent
with that employed in NUREG 0016.

With a design condenser air in-leakage of 30 scfm, and above
adsorption coefficients this system provides a design delay of
32 hours for krypton and 23.7 days for xenon. Since the expected
condenser in-leakage is below the design value, the actual delay
times should be several times longer than the design delay times.
Table 11.3-1 lists isotopic activities at the discharge of the
turbine building exhaust vent. I

After passing thru the recombiner section, the off gas stream
consists primarily of the air in-leakage from the main condenser.
The air in-leakage design basis is conservatively assumed at
30 scfm. The Sixth Edition of the Heat Exchange Institute
Standards for Steam Surface Condensers {Ref 11.3-4, paragraph
5.16 {c) {2) ) . indicates that with certain conditions of stable
operation and suitable construction, noncondensibles should not
exceed 6 scfm for large condensers. Dresden-2, Fukushima-1,
Tsuruga, and KRB have all operated at 6 scfm or less.
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11.3 2.2 Co~monent Description

11. 3. 2. 2. 1 Recomb incr System-

1$ 5

The offgas treatment system is divided into two sections tofacilitate plant arrangement: the recombiner system and the
charcoal offgas system. Three recombiner assemblies are located
in the turbine building in a shielded area below the main
condenser steam jet air ejectors. Each recombiner assembly
consists of the following major components: a zecombiner
preheater, recombiner vessel, recombiner condenser, motive steam
jet, motive steam jet condenser and a condensate cooler.

5I

5/
1

'I

One recombiner assembly is primarily designated for the service
of each nuclear unit and the third assembly is a common standby
to both units. Each recombiner assembly is sized to accommodate
the design flow from one nuclear unit. The piping and valve
manifold upstream of the recombiner assemblies permit the
transfer of the offgas stream between a unit designated assembly
and the common standby recombiner assembly.

The materials of construction, design pressures" and temperatures,
and the design codes for the components associated with the
recombiner assemblies are listed in Table 11 3-5.

11.3.2.2 2 Charcoal Off@as System

After the radiolytic hydrogen and oxygen have been removed from
the process stream by the recombiner assembly, the remaining gas

* enters a delay line which is approximately 600 ft in length and
varies in size from 8 to 16 in..The purpose of this delay line
is to permit the large quantity of N-16 to decay to a reasonable
activity concentration prior to entering the charcoal adsorption
portion of the offgas system. Although there is' separate delay
line for each recombiner assembly, these lines are joined into a
single common header in the radwaste building However, the

. process offgas stream from each unit is segregated by the use of
isolation valves that are installed in this common header.

After entering the common inlet header, the gas mixture from each
unit can be directed to either of two parallel equipment
subtrains consisting each of an inlet HEPA prefilter, a water
removal/temperature reduction assembly, and a charcoal guard bed.
The utilized charcoal adsorption train of each offgas treatment
system is primarily designated for the service of the associated
nuclear unit. Each adsorption train consists of five charcoal
adsorber beds in series. The trains and subtrains are isolable at
both the inlet and outlet by remotely operated valves. .Following
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subsections describe the various equipment associated with each 18.
sys tern.,

11.3.2.2.3 Inlet HEPA Filter

As the carrier qas exits the delay line and enters an equipment I 5

subtrain, particulates are removed by the HEPA filter with an
efficiency of at least 99.97 percent for particulates, sizes 0.3
microns and larger. Each filter will be individually tested
usinq the DOP method at 100 and 20 percent of the design flow
rate. DOP test connections have been provided for in line
testing of these filters at the time of initial installation or
subsequent replacement.

The filter element is housed in a carbon steel pressure vessel (18
desiqned to the code requirements of ASME Section VIII, Division
1 The materials of construction, the design pressure, and the
design temperature for these vessels is lis'ted in Table 11.3-5.

1 1.3.2.2.4 Mater Remova~l Temperature Reduction Assembly

The offgas flow, after passing through the HEPA inlet filter, isfirst processed through a precooler using reactor building closed
coolinq water as th'. cooling medium. This heat exchanger is
designed to reduce the temperature of 150 scfm of offqas during
startup from 150 to 114~F and is built in accordance with TEMA
Standard Class C, Type BEU.

(5 18

A chiller further reduces the offgas stream temperature to 40~F
at the desiqn condenser air in-leakage rate. Refrigerant R-12
flows in the tube side and the offgas in the shell side. Mater
cooled refrigeration condensing units are provided for each
chiller. This design eliminates the problems generally
associated with a system circulating chilled glycol, such as
leakages between the sides of the heat exchanger, leakages of
qlycol solution from pump seals, etc. Also, the direct expansion
refrigeration approach eliminates the use of circulation pumps,
which should increase system reliability. The refrigeration
condensinq units are located away from the precooler/chiller,
assembly in a low radiation area

/i8

18

5 18

The condensate from the precooler and chiller is collected in a
drain pot on the chiller. Since the accumulation rate of
condensate is expected to be very small, an on-off type level
control has been incorporated into the design. The condensate is
directed back to the main condenser. Malfunction of the level
control system may result in some of the offgas returning to the
main condenser, thereby preventing an uncontrolled release into
the radwaste building..

(
18

18
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18)S ) The offgas sides of the precooler and the chiller have been
constructed of stainless steel to reduce the amount of corrosion
products that miqht increase maintenance personnel doses or
decrease system reliability.

11. 3. 2. 2. 5 Guard Beds

lg 5)
The offqas stream leaving the water removal assembly is reheated
to 60~P by electric heat tracing prior to entering the guard bed.
The moisture content is then measured in order to monitor the
performance of the water removal equipment. If the moisture
content exceeds a preset level, an alarm is initiated in both the
main control room and the local radwaste building control room.

18

The guard bed serves two basic functions: to provide delay time
for the formation of long-lived particulate daughter products
from the short-lived gaseous Xenon isotopes in the offgas stream
and to absorb any moisture that may be entrained in the stream.

181

i8 [ S~

The quard bed contains approximately 1280 lb of activated
charcoal. The guard bed is sized to absorb moisture that could
result from a failure of the chiller over a period of 48 hours.
An air drying/purge system has been provided to dry the guard bed
should it become contaminated with water.

The moisture monitor at the discharge of each guard bed .will
indicate when the guard bed is approaching saturation and
corrective measures can be taken prior to any 'contamination of
the main charcoal adsorber bed.

18[ The carbon steel guard bed vessel is designed to the code
requirements of ASME Section VIII, Division 1. The materials of
construction, the design pressure and temperature of these
vessels are listed in Table 11.3-5.

11. 3.2.2. 6 Main Charcoal Adsorber Bed

'I
18

18

Each adsorber train contains five tanks of activated charcoal
which are connected in series. These tanks is to provide
sufficient delay of the radioactive noble gases Xenon and Krypton
to permit releases to the environment that will satisfy the
requirements of Appendix I to 10CFR50. The design delay times
and the assumptions used to calculate these times are presented
in Subsection 11.3.2.1.1.3.

The temperature of the charcoal is kept below 65~P, which is well
below its ignition temperature, thus precluding overheating or
fire and the consequential release of radioactive materials It
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has been determined that the heat generation rate during shutdown
is not sufficient to present a charcoal ignition hazard.

The adsorbers are located in shielded vaults which are
maintained at a temperature below 65oZ by one of two 100$
capacity air conditioning systems that remove the decay heat
generated in the adsorbers any heat introduced by the process
stream and through the vault walls. The back-up air conditioning
unit is activated automatically upon failure of the operating
unit. Failure of the operating unit actuates a group alarm in
the main control room and at a local control panel. In the
unlikely event that both air conditioning units are unable to
function, the radioactive emissions from the offgas system would
increase slightly; however, the releases to the environs wouldstill .be well below acceptable limits for the condenser air in-
leakage normally expected.

18

Channeling in the charcoal adsorbers is prevented by maintaining
a high bed-to-particle diameter ratio {approximately 750) .
Underhill {Ref 11. 3-4) has stated that channeling or wall effects
may reduce efficiency of the holdup bed if this ratio is not
greater than 12. During installation of the charcoal, the
adsorber vessels may be vibrated from the outside to minimize
voids and to increase the bulk density.

5 l 18

There are no provisions for bypassing the charcoal adsorbers
during any mode of operation, except during the first stage of
evacuation of the m'ain condenser by the mechanical vacuum pump. )5

The ability of the charcoal to delay the noble gases can be
evaluated by comparing activity measured and recorded by the
process activity monitors downstream of the SJAE intercondenser
and at the exit of. the outlet HEPA filters,
Each charcoal vessel is 8 ft in diameter and 26 ft in overall
height. The five tanks that constitute'he adsorber bed contain
76 tons of activated charcoal, which will provide in excess of 41
days delay for xenon under the design air in-leakage condition of (18
30 scfm. This assumes the use of realistic values for the
adsorption coefficients for the charcoal as demonstrated by the
offgas system supplier.

The carbon steel charcoal vessels are designed to the code
requirements of ASIDE Section VIII, Division 1. The materials of
construction, the design pressure, and the design temperature of
these vessels are listed in Table 11.3-5.

11.3 2.2.7 Outlet HEPA Filter
k

After the offgas stream exits the main charcoal bed, it passes
through a HEPA filter where any entrained particulates or

18
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charcoal dust are collected. The removal efficiency of this HEPAfilter is 99.97 percent for particulate size 0.3 micron and
larger Similar to the inlet HEPA filters described in
Subsection 11.3.2. 2.3, these filters are individually tested
using the DOP method.. The outlet HEPA filter is larger in size
than the inlet filter to accommodate the full design startup flow
rate of 300 scfm.

18(

18 I

The offgas stream exiting the outlet HEPA filter is continuously
monitored for the level of radioactivity and activates an alarm,
in both the main control room and the local radwaste control roomin the event of abnormal radioactive releases. The offgas streamis then directed to the turbine building exhaust duct and
released through the exhaust vent on top of the reactor building.

11.3.2 2.8 Instrumentation and Control

5I

5f

The offgas system is monitored by means of flow, temperature,
pressure, and humidity instrumentation, and by hydrogen analyzersto verify specified operation and control, and to ensure that the
hydrogen concentration is maintained below the flammable limit.
Figures 10.4-9 and 11.3-3 show the process parameters that are
monitored to alarm in the main control room and the local
radwaste control room, as well as whether the parameters are
recorded or gust indicated.
A sample chamber with redundant radiation monitor place'd
downstream of the SJAE intercondenser continuously records andindicates gaseous radioactivity release from the reactor and
therefore provides information in the main control room on thecondition of the fuel cladding and the inlet, activity to the
recombiner system. and the charcoal adsorbers. Redundant high and
high-high alarms which are also displayed in the main control
room.

, Experience with boiling water reactors has shown that thecalibration correction factor of the offgas radiation monitors
change with the isotopic content. The isotopic content can
change depending on the presence or absence of fuel cladding
leaks in the reactor, the nature of the leaks, and the holdup
time prior to release. Because of these variations, the monitors
are periodically calibrated against grab samples.

Grab samples can be retrieved downstream of the SJAE
intercondenser at the DOP test connections of the inlet andoutlet HEPA filters of the charcoal offgas system and at a
connection on the offgas pipe leading to the exhaust vent on the
reactor building. The combined second stage SJAE motive and
dilution steam flow is measured and recorded by redundant
instruments on the local recombiner control panel with low and
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low-low flov annunciation. Indication and lov-low annunciation
by a group alarm is "provided on the main control room panel.

The temperature of the recombiner catalyst bed is monitored by
three RTD~ s vith each output svitchable to one indicator
thermocouples. An alarm is provided to annunciate temperature
conditions in excess of the process design value. The inlet
temperature to the recombiner is monitored by redundant RTD's and
lov alarms annunciate when the temperature falls below the point
where adequate recombination of the radiolytic hydrogen and
oxygen would occur. Each recombiner assembly is heat traced
during standby. The common standby recombiner assembly is heat
traced and monitored to ensure its availability in case the unit
designated becomes inoperative.

The recombiner inlet and outlet temperatures are recorded and low
high and high-high alarms annunciate on the 1ocal panel while
indication and high-high and low temperature alarms are
annunciated on the main control room panel. Level controlled
valves are used in the drain lines from the recombiner and steam
jet condenser shells to the common condensate cooler which, in
turn drains to the main condenser. High condensate level alarms
are annunciated at the local control panel, with a-group alarm on
the main control room panel.

The motive steam jet suction pressure is regulated by a butterfly
valve in order to keep the recombiner condenser pressure above
the main condenser pressure, thus alloving drainage of the
condensate without a motive device.

Two redundant thermal conductivity type hydrogen analyzers are
'used to measure the hydrogen content of the offgas process stream
at the discharge of each recombiner assembly. The hydrogen
concentration from each analyzer is recorded and tvo high alarms
annunciate at the local control panel. High-high hydrogen
concentation alarms are provided both at the local and main
control room panels vhile indication is provided on the main
control room panel only. 'ach hydrogen analyzer can be
independently calibrated with the redundant one in operation.

The hydrogen analyzer systems continuously withdraw samples of
the offgas, analyze the hydrogen content, and return the sample
gas to the recombiner assembly. A hydrogen level of 2 percent
detected by either analyzer will alarm and annunciate both on the
local and by a group alarm on the main control room panel, while
4 percent detected by either analyzer will alarm and cause
closure of the SJAE offgas suction valves thus eliminating the
potential for build-up explosive misture in the offgas system.

Offgas system flow measurements are made downstream of the water
removal assemblies in the charcoal offgas treatment s'stem with
indication and high flow alarm at a local and main control .room
panel, recording on the local panel only.
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18 5

The dilution stea'm flov vill be adjusted to a minimum for 100%
pover while maintaining the allowable in- and outlet hydrogen
concentrations, in order to keep the recombiner vessel outlet
temperature at max. 850eP-

11.3.2 2.9 Leakage of Gases'rom Of~fas System

18)

18I Sl

Leakage of radioactive gases from the offgas system is limited. by
the use of welded construction wherever practicable and by using
valves of bellows stem seal design or employing double steam
packing vith leak off connection being routed to the main
c'ondenser or pressurized with instrument air.
The offgas system operates at a maximum of 5 psig during startup
and less than '2 psig during normal plant operations. Thedifferential pressure to t'e atmosphere is therefore small.

18)

All drains from the various heat exchangers associated with the
recombiner and charcoal offgas system are directed back to the
main turbine condenser-. 'Because of the lov elevation the drains
from the delay line are routed through a drain pot with tvo level
control valves in series into the radioactive turbine building
sump This minimized the potential for offgas escape into the
building in case of valve malfunctioning. Alarm.and redundant
level control instrumentation is also provided.

11,3,2,3 Typical ~0 eratinq Modes

11. 3. 2 3 1 Standby

18/

18t

During standby mode the recombiner system is isolated from the
offgas stream. The assembly steam supply and preheater bleed
steam supp'ly valve as well as the condensate cooler drain valve
are open. Fo" the common standby recombiner these valves are
aligned to and from either reactor unit. This in con junction
with the electrical offgas inlet line heat tracing keeps the
system at approximately 300~F thus preventing condensation when
switching the offgas stream from an operating recombiner to the
standby one.

Depending on the air in leakage to the main condenser this
transfer is to be performed within 'approximately 10 minutes in
order to keep the condenser pressure belov the allovable 5 inches
of mercury absolute.

18 I

Cooling water is normally maintained to the standby recombiner
assembly and the precooler and refrigeration condenser of the
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charcoal offgas treatment system subtrains not in operation. The
refrigeration system for the chiller is placed in the standby
mode and will start operation upon demand.

11. 3. 2- 3. 2 P restart

In the prestart mode the motive steam jet steam supply valve and
the recombiner system discharge valve are open in addition to the
valves opened during standby. Motive steam may be from the
auxiliary or nuclear boiler. The motive steam is condensed in
the motive steam jet condenser while the recombiner system
components are evacuated, ready for offgas admission.

The water removal precooler and chiller as well as the charcoal
bed vaults of the ambient temperature charcoal offqas system must
be at the required operating temperature and all valves in the
normal operation status.

11. 3. 2 3.3 Normal Operation-

Prior to placing the recombiner system from the prestart into the
normal operation the following permissives must be present:

o Recombiner .inle't temperature not low

o Recombiner outlet temperature not high-high

o Recombiner condenser cooling water flow not low

o Motive steam jet condenser cooling water fl.ow not low

o Recombiner system outlet hydrogen concentration not high-high

Except for the outlet hydrogen concentration permissive logic
which requires only one out of two trips, each permissive is
incorporated into the controls of the recombiner system by a two
out of two logics allowinq opening of the offgas inlet valves to
the first staqe SJAE upon establishing steam flow through the
second stage SJAE and the dilution steam bypass.

Closing of the first staqe SJAE offgas inlet valves occurs when
any of the above permissive trips or two out of two trip signals
of

o Dilution steam (2nd stage SJAE motive 8 bypass) flow low-low.

The recombiner system inlet valve closes upon a recombiner
condenser outlet temperature high-high which in turn
automatically opens a bypass valve recycling the SJAE discharge
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back to the main condenser. This allows switchover to the
standby recombiner without interrupting the SJAE motive steam
flow within the period determined by the rise of the main
condenser pressure

11. 3. 2.3. 4 Starts

During start-up two inlet HEPA filters, water removal skids and
guard beds may be operated in parallel to accommodate the
increased offgas flow of up to 300 scfm consisting mainly of air.
During this limited time period the dev point of the gas at thechiller outlet may rise above the design temperature of 40oF
without adverse effect on the charcoal adsorption coefficient.

11. 3. 2.3. 5 Equi~ment Malfunction

Malfunction analysis, indicating the consequences and design
precautions taken to accommodate failure of various components of
the offgas system, is presented in Table 11.3-6.

11.3.2 4 Other radioactive Gas Sources

There are three general areas .that contain gaseous radioactive
sources: the primary and secondary. containment, the turbine
building, and the,radwaste building. The description of theventilation systems for these buildings is presented in Section
9.4. The building volumes, flow rates, sources, and other
information required to calculate the airborne concentrations of
radioactive materials are contained in Subsections 12.2.2,
12.3.3, and 12.4.

11. 3.2.4 1'rimar~and Secondary Containment

Gaseous radioactive effluents can emanate from several sources.
Leakage into the drywell and vetwell of the primary containmentwill be contained until containment atmosphere .is purged in
preparation for maintenance. This atmosphere vill be processed
through the charcoal filters of the SGTS prior to any release to
the plant. environs.

As indicated in Section 9.4, the tvo reactor buildings and the
common refueling floor area have been designated as HVAC Zones I,II and III, respectively. Each of these zones has been divided
into equipment compartment areas, where radioactive leakage may
be expected, and other areas which contain non-radioactive
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equipment, accessways and the refueling floor The exhaust air
from the equipment compartment where radioactive leakage may
occur is discharged through exhaust systems containing six inch
deep charcoal filters.. The air from the other areas is usually
released unfiltered; however, if 'high concentrations do occur,
the air can be recirculated and a small fraction discharged
through the SGTS until the high concentration condition can be
corrected.

Zn the Appendix l evaluation it was assumed that all radioactive
releases from the reactor building are processed through the
charcoal and HEPA. filters. before release to the atmosphere.
There may'e. small quantity.es 'of radioactivity released
urifiltered from'he'refueling 'flower area and the spent fuel pool,
especially during the early .stages of refueling. However, the
quantities of iodine and particulates released from this source
are expected to be much less than the releases from equipment
leakage, equipment maintenance . drywell purge, and the vessel
head lifting operation, all of which are filtered. Considering
the uncertainties'in the calculation of the reactor building
releases and,the",conservative use of a 90% efficiency for the
charcoal filtration systems, it is expected that the actual

~ releases from the reactor building to the atmosphere should be
lower than the estimates used in 'this evaluation.
The main steam relief valves- are'ented to the suppression pool.
The activity released 'from the actuation of these relief valveswill be contained in the primary containment until its atmosphereis purged through the SGTS in preparation for personnel access.
Table 11.3-9 shows the frequency and quantity'of steam discharged
to the suppression pool for abnormal occurrences.

11. 3 2.4.2 Hadwaste Building

Leakage into the radwaste building atmosphere will be processed
through a prefilter and HEPA,f ilter. Xn addition a charcoal
filtration'system will process the exhausts from the major
radwaste system tanks. The valves associated, with the adsorber
portion of the offgas system. have double packing to prevent
leakage through the valve stem.

11 3. 2. 4 3 Turbine Building

As in'dicated in Sub'section 9.4-4, the turbine building
ventilation system contains a filtration system with HEPA filters
and a six inch deep charcoal filter. Building air from those
areas of the turbine building where equipment leakage and
airborne activity could be expected is processed through thefiltration system before it is released through the turbine

Rev 18 llt80 11. 3-15



SS ES-FS AR

building vent exhaust .to the atmosphere. Air from non-
contaminated areas is released through the turbine building vent
exhaust without filtration.
The process valve stem leakage collection system is used .for the
collection of any stem packing leakage from all steam valves in
the turbine building Leakage from these valves is directed to
the main turbine condenser and processed through the offgas
system prior to being released to the environs.

In the past, the steam packing exhaust has presented a source of
gaseous radioactive releases in some BMR plants. However, at
this station an auxiliary. source of clean steam is provided for
gland seal purposes from the steam seal evaporator. Therefore,
essentially no activity is released from this system. Subsection
10. 4. 3 provides a detailed description of the gland seal steam
system.

During the startup of each plant, air is removed from the main
turbine condenser by a mechanical vacuum pump. This vacuum pump
discharges to the turbine building ventilation exhaust system. A

radiation detector continuously monitors the effluent from the
turbine building exhaust system and an alarm is actuated upon the
detection of a high radiation level.

11. 3.3 RADIOACTIVE RELEASES

The activity released from the various vents 'will be monitored to
ensure that the airborne concentrations at offsite locations will
be below the limits of 10CZR20. 106. In addition, the yearly
releases will be kept as low as is reasona'bly achievable in order
to meet the dose guidelines of Appendix I to 10CFR50.

An evaluation. of the gaseous radioactive releases was done to
18~ show compliance with the guidelines referenced above. The

assumptions used in this evaluation are summariz'ed in Table 11.2-
8, and ar'e given in Tables 11.3-2 and 11.3-3 for gaseous
releases. The building vent locations, shape, effluent velocity,
and heat input are given on Figure 11. 3-5. The calculated annual
releases are given in Table 11.3-1.

It is expected that the actual releases from the plant will be
l8[ lower than those referenced above due to the more realistic

parameters associated with the equipment described in this
Chapter. The charcoal filtration systems which reduce the
airborne radioactive releases are summarized in Table 11 3-4.
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11. 3. 4 ESTIMATED DOSES

Dose calculations to assure compliance with Appendix I to 10 CFR
part 50 based on the gaseous source term referenced above were
performed in accordance with USNRC Regulatory Guide 1.109 by use
of the USNRC computer code "GASPAR" (dated 2/20/76) . One change
was made to the code to allov for nuclide specific decay
correction for transit time to the point of exposure. For this
purpose maximum doses were calculated for an individual residing
at the point of highest dose. Input data for these calculations
are given in Table 11 3-7. The critical location for noble gases
is the south-west site boundary. The calculated doses vere 8.97
mrad/yr beta air dose and 6.78 mrad/yr gamma air dose for noble
gases. The Appendix I design guides are 20 and 10, respectively.
Noble qas doses to the total body and skin vere calculated as
4 38 mrem/yr and 9.63 mrem/yr. The respective limits for these
pathvays are 5.0 mrem/yr and 15.0 mrem/yr. For doses resulting
from radioiodine and particulates, the critical location is the
nearest dairy farm in the north-vest sector. The Appendix I
desiqn guide for this pathway is 15 mrem/yr to any organ. The
dose from this source was calculated as 5.47 mrem/yr. All
calculated doses are within the appropriate Appendix I design
guide. (See Section 5.3 of Environmental Report for further
discussion of dose assessment and cost benefit analysis).
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TABLE 11 3-1

ANNUAL GASEOUS RELEASES PER UNIT

Annual Building or Component Release (Ci/Yr)

Nuclide
Reactor
Building

Turbine
Building

Radvaste
Building

Steam Jet
hir Ejector

hechanical
Vacuum Pump

Total
Annual
Release

H-3

Kr-83a

Kr-85a

Kr-85

Kr-87

Kr-88

Kr-89

Xe-131m

Xe-133m

Xe-133

Xe-135m

Xe-135

Xe-137

Xe-138

I-131

I-133

Cr-51

hn-54

Fe-59

Co-58

Co-60

ZQ-65

6.0

0'

0

6 0

1 32+2

9 2+1

6.8+1

1 4+1

3 4-2

1. 36-1

6 0-6

6. 0-5

8 0-6

1. 2-5

2 0-4

4 0-5

l 4+1

2 6+1

4 6+1

5 0+1

1 3+2

1 3+2

2.9+2

3.8-3

1 5-2

2. 6-5

1 2-6

1. 0-6

l.2-6

4 0-6

4 0-7

1 0+1

4 5+1

5.0-2

1 8-1

9 0-5

3 0-4

1 5-4

4.5-5

9 0-4

1 5-5

5. 6+2

2~742

1 1+2

5. 3+1

3. 0+0

5.3+3 2+ 3+3

3 5+2

3 0-2

8.0+1< i >

5. 8 i2

2~742

3 2+1

1. 6+2

5. 3+1

3.0+0

7. 8+3

2~ 242

5. 9+2

3. 0+2

1. 2-1

3. 3-1

1 2-4

3 6-4

1 6-4

5 8-5

1 1-3

5. 5-5
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hnnual Building or Conponent Release (Ci/Tr)

Nuclide
Reactor
Building

Turbine
Building

Radvaste
hir Building

Stean Jet
hir Ejector

Mechanical
Vacuua Puap

Total
hnnual
Release

Sr-89

sr-90

Zr-95

Sb-124

Cs-134

Cs-136

Cs-137

Ba-140

Ce-141

1 8-6

1 0-7

8-0-6

4 0-6

8 0-5

6. 0-6

1 1-4

8 0-6

2 0-6

1 2-5

4 0-8

2 0-7

6 0-7

6 0-7

1 0-7

1 2-6

2 2-5

1 2-6

4 5-6

3 0-6

5 0-7

5 0-7

4 5-5

4 5-6

9 0-5

1 0-6

2. 6-5

0

3 0-6

2 0-6

1 ~ 0-5

1. 1-5

1 8-5

3. 1-6

8. 7-6

5 1-6

1 3-4

1. 3-5

2. 1-4

4. 2-5

2 9-5

8 0+1 = 8 Oz10<

Rev 5, 2/79
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TABLE 1 1. 3-2

ASSUMPTIONS AND PARAMETERS USED FOR EVALUATION
OF GASEOUS RELEASES

1 Reactor coolant and main steam
radionuclide concentrations

2. Radionuclide releases from
buildings before treatment
(from NUREG 16)

3. Radioiodine input into the
main condenser offgas system

Table 11.2-8

Table 11. 3-3

5 Cx/yr

4. Main condenser vacuum pump
release Isot~o e C~igr

5. Charcoal Delay System Parameters

a) Mass of charcoal, M, (lb)
b) Operating/dew point

temperatures (OF)
c) Dynamic adsorption

coefficient, K, (cm~/g)
for Xe/Kr

d) Number of condenser
shells, N

e) Charcoal holdup time
T (hrs)

Xe-133 2300
Xe-135 350
I-131 0 03

152m 000

6 0-65/4 0

420/23.7

.262 x M x K/(10 x N)

6. Gland seal system flow rate lb/hr 25,000
Activity level Clean steam

7. Offgas holdup time before the
charcoal delay system (hr)

8. Filtration systems on building
ventilation

0 16

Table 11.3-4
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TABLE 11. 3-4

FILTER TRAINS USED TO.CONTROL GASEOUS EPFLUENTS

Filter

Iodine
Flow Charcoal Removal
Rate Filter Thickness Efficiency
(c fm) Componen ts+ (in. ) (>)

Containme~nt Aux B~ld

Unit 1 — Area I, below
refueling floor 16i000 P-H-C-H

Unit 2 — Area II,
below refuellag floor 16,000 P-H-C-H

99

99

Units 162 — Area III
refueling floor
Drywell purge—
through'GTS

Turbine Bldg

Radwaste Bldg

Tank exhaust filter

4 F000 P-H-C-H

10i500 H-P-H-C-H

20, 000 P-H-C-H

30'00 P-H

1 i 000 P-H-C- H '2

99

99

70

70

Moisture separator
P — Prefilter
H — HEPA
C — Charcoal

REV. 1 8/78
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TABLE 11.3-5

E UIPMENT
EQUIPMENT

NUMBERS TYPE

OPF GAS SYSTEM MAJOR EQUIPMENT DESCRIPTION
(Design Codes and Standards are provided in Table 3.2-l)

CAPACITY SIZE
DESIGN PRESSURE/

TEMP. PSIG F

Preheater OE/1E/2E-136 Shell and
Straight tubes,
BEM

RECOMBINER SYSTEM

Shell, Channel: CS 776,500 Btu/hr
Tubes, Sheet: SS

=21 0 sq. ft. Shell side: 450/450
Tube side: 300/450

Recombiner Con-
denser

OE/lE/2E-137 Shell and
U-tubes, BEU

Shell, Tubes
Sheet: SS;
Channel: CS

12.1x10 Btu/hr6
970 sq. ft. Shell side: 300/950

Tube side: 150/150

Motive Steam Jet
Condenser

OE/1E/2E-134 Shell and
U-tubes, BEU

Shell, Channel:
CS;
Tubes, Sheet: SS

7.9xlO Btu/hr6
960 sq. ft. Shell side 300/300

Tube side: 150/150

Condensate Cooler OE/1E/2E-152 Shell and
U-tubes, BEU

Shell, channel: 540xlO Btu/hr3

CS;
Tubes, Sheet: SS

138 sq. ft. Shell side: 300/250
Tube side: 150/150

Re combiner
Vessel

OS/1S/2$ -125 Vertical Cyl. 3 SS 2700 Lbs.
Catalyst

60" Dia.,74" High 300/950

Catalyst Bed Engelhard
Deoxo A-18363

Ceramic based
Precious Metal
Pellets

Inlet:208,900 SCFH total,
3.89 Vol.X H
Outlet: 1 Vo) X H2 based

on 5 SCFM Dry Air

60" Dia., 23" Deep Outlet: 765 F

Motive Steam
Jet

OE/1E/2E-133 3 SS Suction: 300 SCFM Air
123 SCFM Steam

Disch: 300 SCFM Air
1189 SCFM Steam

Suet: 6"I Disch- 4
Motive 2 1/2" 3004 Per ANSI

Rev. 18, 11/80
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Delay Piping GBC 106, 1,20

TYPE

SSES-FSAR
TABLE 11.3-5, Continued

AMBIENT TEMPERATURE CHARCOAL OFF GAS SYSTEM

CAPACITY

CS gll / 16lt

SIZE
DESIGN PRESSURE

TEHP. PSIG/ F

300/150

Inlet HEPA Filter

Outlet HEPA Pil-
ter

1F/2F-302 Pleated Cylinder 2

1P/2F-301A,B Pleated Cylinder 4
Vessel: CS

Cartridge:
Glass Fiber

150 SCFM at
3.3 inch-H 0

2

300 SCPM at
2.7 inch H20

Vessel: 10"dia., 29" high
Cartr: 6 I/2"dia., 8" hi

Vessel: 14"dia., 36" high
Cartr: 11" dia., 8" high

450/200

,310/150

Precooler 1E/2E-302A,B Shell and U-tube 4 Shell side: CS
Tube Side: SS

.86,930 Btu/hr 41.3 sq. ft. Shell Side: 150/150
Tube Side: 695/200

Chiller Vessel 1E/2E-303A,B Shell and
Helical Coils

Shell Side: SS
Tube Side: SS

43,000 Btu/hr 108 Sq. ft. Shell side: 520/200
Tube Side: 150/125

Guard Bed Ves-
sel

1T/2T-303 A,B Vertical Cyl. 0.64/tons of activated
charcoal

30" dia. x 122" high 410/150

Charcoal Ad-
sorber Vessel

1T/2T-306
thru 310

Vertical Cyl. 10 15.35 tons 99" dia. x 254" high 375/150

Refrigeration
Conpressor; Con-
denser

1K/2K-321 A,B Reciprocating
1E/2E-301 A,B Seni Hernetic

CI / Freon 12 43,500 Btu/hr. 350/150

Charcoal Bed Union Carbide
MBQ 6 x 8

10 Mineral Base
(Coal)

Adsorpt.coeff. Q 7Xe:735
for 40 SCFH Air+ KR:52

On 8 Mesh, Max. 97X

Rev. 18, 11/80
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TABLE 11.3-6 (Continuedl
Page 3

Equipment Item Halfunction Consequences Design Precautions

5. Recombiners

6. Holdup piping between
recombiner assembly and
charcoal adsorber portion
of offgas system

Catalyst gradually
deactivates

Catalyst gets wet

Excessive corrosion of line

Level valve fails to
open

biner condenser.
Steam consumption would
increase.

A

Temperature profile changes
through catalyst. Eventually
excess hydrogen would be
detected by hydrogen
analyzer, recorded, and
alarmed

Hydrogen recombination falls
off and higher hydrogen
concentrations are detected
downstream by hydrogen
analyzers. Eventually the
gas mixture could become
combustible.

Leakage of gaseous and
liquid radioactive products
into piping tunnel.

Accumulation of conden-
sate in pipe

until the leakage was in
excess of the capacity of the
level control system at whi"h
point there would be drain pot
high level alarms actuated.

Temperature probes in the
recombiner beds and exit
of each recombiner. The
hydrogen analyzer would
indicate high hydrogen
concentrations and provide
a recording to compare to
previous performance. If
catalyst degraded significantly,
a high hydrogen concentration
alarm might be actutated.

Temperature probes in recombiners
and at outlet and hydrogen analyzers
are provided, which annunciate
locally and in the main con-
trol room. Automatic closure
of the SJAE offgas inlet valves
with further increase in
hydrogen concentration.

Area radiation monitors in
turbine and radwaste buildings
The piping tunnel is provided
with floor drains which would
direct leakage to liquid
rad waste system.

Redundant level control instrumen-
tation with high level annunciator
in the main control room.
Hanual bypass valve can be
opened around one of the two
redundant level valves.

Level valve fails to
close

Offgas leakage to
turbine building sump.

Valves are spring loaded fail
closed types. Two valves in
series are provided. Area

Rev. 18, 11/80
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TABLE 11.3-8

OFFCAS SYSTEM PLOWS (Refer to Fig. 11.3-1)
(PPH 1 SCFM)

Stream No. Press.
Psia

Temp
oF

H2 Z
Vol.Conc.

PPH SCFM

H20
PPH/SCFM
Non-Condens.

Desi n Normal 0 eration 30 SCFM Air
PPH/SCFM
Total

Start-u 300 SCFM Air'ond. Pressure 5" H )
H Z *

ol. Conc.2
Temp
of

Press
Psia

PPH/SCFM

H20
PPH/SCFM
Non-Conccns.

PPH/SCFM
Total

I 18

l. 2nd Stage
SJAE Inlet

5.0 141 7 ' 757/1480 526/234 1283/1714

2. 2nd Stage
SJAE Outlet

15.7 272 3.9 9350/3278 526/234 9876/3512 15.7 270 9350/3278 1395/ 300 10745/3578

3. Recomb. Inlet 14.2 273 3 ' 9350/3278 526/234 9876/3512 13.8 270 9350/3278 1395/ 300 10745/3578

4. Recomb. Outlet 10.6 760 0.001 9737/3414 140/ 30 9877/3444 9.9 720 9350/3278 1395/ 300 10745/3578

5. Recomb. Cond.
Outlet

10.4 140 0.12 30/10.5 140/ 30 170/ 40.5 9.7 140 352/ 123 1395/ 300 1747/ 423 5 18

6. Motive Steam
Jet Outlet

*
15.2 274 0.005 3070/1077 140/ 30 3210/1107 18.6 239 3392/1189 1395/ 300 4787/1489

7. Motive Jet
Cond. Outlet

15.2 140 0. 14 18/6 140/ 30 158/ 36 18.5 140 158/ 55 1395/ 300 1553/ 355

8. Precooler Inlet 15.1 140 0.14 18/6 140/ 30 158/ 36 17.7 140 79/ 28 698/ 150 777/ 178

9. Chiller Outlet 15.0 40 0.17 1/0.2 140/ 30 141/ 30 16.7 72 8.1/3.6 698/ 150 706/ 154

10. Guard Bed
Inlet

15.0 65 0. 17 1/0.2 140/ 30 141/ 30 16.7 72 8.1/3.6 698/ 150 706/ 154

Rev. 18, 11/80
* During cold start-up a negligible amount of hydrogen is introduced into the main condenser.
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TABLE 3 1. 3-9

'l.
2 ~

3 0

4
5
6
7.
8
9

10

12.

13.
14

15
16
17
18

19.

Event

RCIC Test (Monthly)
RCIC Test (Vessel in-
jection at Startup)
Inadvertent RCIC Injection
SRV Test
Inadvertent SRV Opening
Trip of Both Rcirc. Pumps
Turbine Trip
Generator Load Rejection
Pressure Regulator Failure

Open
Pressure Regulation

Downscale Failure
Recirc. Flow Control

Pailure — Decreasing
Inadvertent Closure-

All MSIY
Loss of Condenser Vacuum
Feedwater Control Failure-

Max. Demand
Loss of Auxiliary Transformer
Loss of All Grid Connections
Turbine Trip w/o Bypass
Generator Load Rejection

w/o Bypass
Stuck Open SRY

Frequency
Category

Moderate
Moderate

Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

Moderate

Moderate

Moderate

Moderate
Moderate

Moderate
Moderate
Infrequent
Infrequent

Moderate

Quantity of Steam

29 F000
116'00

5i000
4i000
4i000

16,000
lli000

llew

000
256 '00+

42,000

16i000

290 000+

289 0004
25i000

254,000+
265 000+
300,000+
300,000+

800 000+

HOTES: Events 1, 2 and 3 based on steam flow quantity during
test mode per RCIC Syst. Process Diag.

Events 4 and 5 assuming test and inadvertent opening at
150-600 psi reactor pressure for 30 seconds.

Events 6 through 18 based on event description from
Grand Gulf PSAR Chapter 15.

Event 19 based on results from 251 Standard Plant
Suppression Pool Response Analyses.

Isolation event. It is assumed that S/RV cycling is
terminated at T=30 minutes and reactor depressurized by both
RHR heat exchangers in steam condensing mode.

REV. 5, 2/79



SSES-PSAR

11. 4 SOLID WASTE MANAGEMENT SYSTEM

1 1 4 1 DESIGN BASES

The objective of the Solid Waste Management System {SWMS) is to
control, collect, handle, proce. s, package, and temporarily store
prior to offsite shipping the wet waste sludqes and the
evaporator concentrate generated by, the, Liquid Radwaste System,
the Reactor Water Cleanup System, Puel Pool Cleanup System, and
the Condensate Cleanup System. Contaminated solids such as HEPA
and cartridge filters, rags, paper, clothing, tools, and
equipment are also disposed of in the SWMS.

The system is capable of receiving, processing, solidifying, or
compacting the solid radioactive waste inputs as shown in Tables
11.4- 1 and 1 1.4-2 for permanent offsite disposal. There is no
liquid plant discharge from the SWMS. The SWMS is designed to
minimize the volume of solidified or compacted waste for offsite
shipment- and buria.l.

Storage space for approximately one month's volume of solidified
wet waste is provideR in the radwaste building. Most dry solid
waste is expected to be sufficiently low in activity to permit
temporary storage in unshielded, cordoned-off areas adjacent to
the waste compactor.

The SWMS is Resigned to package radioactive solid wastes for
offsito shipment, and burial in accordance with the requirements
of applicable NRC and DOT regulations including 10CFR71 anR
49CFP,170 through 178. This results in radiation exposure, to
individuals and the general population within the limi.s of
10CFR20 and 50.

The SWMS does not have any safety relateR functions. Redundant
and backup equipment, alternate routes, and interconnections are
designed into the system to provide for operational occurrences
such as refueling, -abnormal leak rates, decontamination
activities, SWMS equipment down t.ime, maintenance and'epair.
Table 11. 4-3 shows the de..ign parameters of the SWMS equipment.

Equipment locations, room designs, drainage, ventilation, and
Resign features of components are consistent with those shown in
Section 11.2, to reduce maintenance, equipment down time,
leakage, gaseous releases of r'adioactive materials to the
building atmosphere, or to otherwise improve the system
operations.-

Remote controls and viewing systems are used to keep exposure to
the personnel as low as rea onably achievable.

Rev. 27, 10/81 1'1. 4-1
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Section 15. 1 analyzes the radwaste tank ruptu-e accident
applicable to both the liquid and solid radwaste management
systems.

The seismic and quality group classifications of the SMMS
components and piping and the structures housing it are listed in
Section 3. 2.

The expected and design inventories of individual radionuclides
in components containing significant amounts of radioactive
material are shown in Tables 11.4-5, 11.4-6 and -11.4-7.

11 4 2 SYSTEM DESCRIPTION

11. 4. 2 1 General

The SMMS consists of two subsystems: one for the collection,
processing, and solidification of wet solids such as filter
material slurries and evaporator concentrates, and the other for
collecting and packaging of d y solids such as contaminatedfilter media, clothing, equipment,, tools, paper, and plastic
sheeting.

Except for condensate demineralizer regeneration waste surge
tanks in the turbine building and the RMCU and fuel pool backwash

"'eceivingtanks in the reactor buildings, all SMMS equipment.
serves hoth reactor units and is located in the radwaste
building.

11.4. 2.2 Met Solid Maste Subsystem

The vet solid vaste subsystem shown on Figures 11.4-1 and 11.4-2collects su..pended solids slurries from six sources and a
concentrated chemical solution from the radwaste evaporators
described in Suhsection 11.2.2.3. These wastes are. solidified to
a freestanding product. As shovn on the flow diagram (Figure
11.4-3 and Table 11.4-4) ) some of the waste inputs arecollectively processed due to their expected similar activities.
The solidification process wi:h cement and catalyst is identical
for all vet solid wastes.

Rev. 27, 10/81 11. 4-2
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~Sent Resi ns

The spent ion exchange resin deep bed from the radwaste
demineralizer is periodically sluiced to the spent resin tank for
radioact.ive decay and storage until a radwaste filter is
available for dewatering.

Sufficient capacity is provided in the spent resin tank for
several batches of radwast:.e demineralizer resins and an
infrequent batch of spent resins Crom the condensate
demineralizer system of either reactor unit.
The vent and overflow nozzles of the spent re..in tank are
equipped with 30 mesh screens to minimize spread of particulate
contamination to the radwaste tank vent system. A spray nozzle
with spherical pattern located in the tank center allows remoteinternal washdown. A manhole and external ladder provide access
to the tank interior.
Associated with the spent resin tank is the spent resin trans'fer
pump, which is of the progressing cabity (~oyno) +ype. This pumpis used to mix and transfer the spent raisin tank contents.
Normally liquid rad waste collection tank water is added to the
spent resin tank to dilute the spent resin +o a pumpable slurry,
with condensate also being available as a backup water source.
The spent resin transfer pump is used to mix the tank contents byrecirculating tank fluid through internal tank mixing eductors
1ocated near the bottom of the tank. After the resins sr~ in
suspension, a portion of the spent resin transfer pump dischargeis directed to either one of the two radwaste filters for. r'emoval
and dewatering of the resins from the slurry at a flow ",ate of 50
to 100 gpm. The spent resin transfer pump is sized to provide
continuous recirculation of the tank contents during tank pumpoutto keep the resin in the tank in suspension.

The spent. resin transfer pump and associated valves are separated
from the spent resin tank by a shield wall to permit maintenance
access.

The amount of spent. head re. in". being dewaterod at one. time is
expected t.o he limited by the space between the filter screen
plates rather than by the di Cferen+ial p es-ure across +he filter
screens. A demineralizer resin bed must therefore be dewateredin several batches.

The cake drying and discharging cycle of >he radwaste filter is
ident ical to the one described in Subsection 11. 2. 2. 2 for theliquid radwaste filtering mode.

n

Regeneration last@ and Fuel Pool Filter Demineralizer
Backwash Slurry

Rev. 27, 10/81 11. 4-3
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A twin set of interconnect.ed conical bottom tanks is close to
each condensate demineralizer resin cleaning system in the
turbine building. These tanks p"ovide urge capacity for the
fluctuating waste flow during the resin scrub cycles. The
corrosion, products containing waste stream is continuously
recirculated through tank internal mixing eductors and a 35 gpmpartial flow is discharged to the waste .,ludge phase separator by
one of two redundant in-line pumps. This inlet flow rate to the
waste sludge phase separator allows continuous settling of the
suspended solids, wh ile the maximum 200 ppm sol id s-con tain ing
supernatant overflows into an internal standpipe and is
transferred by the waste sludge phase separator decant pump to
+he liquid radwaste collection tanks.

Exhausted powdered ion exchange resins Crom the fuel pool filter
demineralizers of. both reactor units are backwashed into a common
receiving tank in the reactor building of Unit 1. Two batches of
exhausted fuel pool filter demineralizer resins can be collected
in the backwash receiving tank. Compressed air at a flow rate of
approximately 75 scfm is then injected through a diffusor at the
tank bottom for approximatel.y 30 minutes to agitate the slurry
before and while the tank is gravity <lrained to the waste sludge
phase separator in the radwaste build'ing.

The waste sludge phase separator also receives drainage from the
radwaste filter vessels prior to and following the filter cake
drying and discharging cycle.
A mode selector switch allows isolation of the waste sludge phase
separator for extend< d settling periods. This mocle is u,ed with
resin fines carry-over in the con<Iensate resin scrubbinq wa. te
inflow or when receiving fuel pool filter d<:.mineralizer backwa.,h
slurry. Interlocks are provided to prevent fuel pool fil.e"
demineralizer backwash inlet to the phase separator, when in the
continuous decant mode +o minimize the slow settling powdered ion
exchange resin f rom entering the stand pipe.

The elevation of the decant nozzle on the phase separa+or allows
collection of approximately 500 gal of sl<idge on the slante I
bottom.

Before sludge is transferred to the d<.watering filter by the.
waste .ludge discharge mixing pump, i+ is diluted in a phase
separator volume of water to a pumpabl.e concentration. Int< mal
mixing eductors are driven by recirculated tank fluid.
Automatic flushing of slurry carrying lines and mechanical seals
of slurry pumps is provided.

Because of the pressure drop and volume limitations of the
radwaste f ilters several. dewatering batches may be necessary for
one p hase se pa ra to r sl udge 1 oa rl.

Rev. 27, 10/81 11. 4-4
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The cake drying and discharging cycle of the filter in the
dewatering mode is identical to the one described in Subsection
11.2. 2.2 for the liquid radwaste filtering mode-

Reactor Water Cleanup Filter Demineralizer Backwash Slurry
A backwash receiving tank is close to the reactor water cleanupfilter demineralizer system of. each reactor unit in the reactor
buildings. Two hatches of exhausted powdered ion exchange resins
from a RMCU filter demineralizer can he collected in each tank.

Compressed air at a flow rate of approximately 75 scfm is then
injected through a diffuser at the tank bottoms for approximately
30 minutes to agitate the 'slurry before and while the tanks are
gravity drained to one of two reactor wa+er cleanup phase
separators in the radwaste build ing.
The sludge holding capacity of one RWCU phase separator allows
collection of two months'ackwash sludges from both HWCU
demineralizer systems at normal freguency.

During this period, sufficient settling time for the suspended
solids in each backwash slurry bat.ch is allowed before the
maximum 200 ppm solid .-containing supernatan+ is transferred hy
the reactor water cleanup decan+ pump to the radwaste collection
tanks.

E

Alternating at two months intervals, each RWCU phase separator isfirst in the sludge collecting and then .in the isolated mode to
allow radioactive decay of isotopes with . hort half-lives.
This provision reduces operator exposures in suhseguen~
processing steps and facilitates handling and shielding foroffsite disposal. The sludge holding capacity on the slanted
hottom of each HWCU phase separator is 750 gal. Additional
decant nozzles are provided for a.ljustmont of the phase
separation height.

Before the sludge is transferred to the dewatering filter by the
reactor water cleanup sludge discharge mixing pump, it. is diluted
in a phase separator volume of water to a pumpable concentration.
Internal mixing eductors are driven by recirculated tank fluid.
Automatic flushing of, slurry carrying lines and mechanical seals
of slurry pumps is provided.

Wet Radwaste Solid ification and Packaging

Dried filter cakes discharged by the radwaste filters and
chemical concen+rates discharged by the radwaste evaporators are
immobilized in portland cement with sodium silicate as a catalyst

Rev. 27, 10/81
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to induce immediate jelling and to prevent formation of free
water on the surface in the containers.
The mixture is packaged in disposable radwaste containers foroffsite burial.
A waste mixing tank beneath each radwaste filter receives, bygravity flow, the dried vaste discharged from the filtering and
devatering process.

A maximum 1000 lb of approximately 50 percent by veight solids
containing filter cake is discharged from a radwaste filter into
the waste mixing tank. While operating the mechanical agitatorin the tank, the remainder of the mixing tank volume is thenfilled vith evaporator concentrate of minimum 130oF to produce a
pumpable slurry. This mixture, o" evaporator concentrate only,
which is transferred from the concentrate storage tank to one of
the heat traced waste mixing tanks, is nov ready for
solid ifica tion.
The progressing cavity (Moyno) process feed pump beneath each
waste mixing tank transfers the slurry to the throat of a
progressing cavity (Hoyno) mixing pump. Dry portland cement is
also metered f om a storage silo at an adjustable rate into the
mixing pump throat. The mixing pump kneads the vaste slurry and
portland cement and extrudes it th ough a fillpioe vith
pneumatically retractable splash guard into a waste container.
An adjustable amount of sodium silicate is metered by a
progressing cavity (Noyno) pump into the waste-cement mix".. ire a+
the fillpipe outlet. This shortens the initial setup period and
improves the shipping efficiency (ratio of waste volume "o
solidified oroduct volume). Flushing water mixed with so.liumsilicate may 'oe routed into the waste containers. A drip funnel
svings under the fill pipe and drains residual flush water to asettling container and sump.'wo redundant process trains are
provided in three separately shielded rooms. Each train consists
of a mixing tank with conical bottom, agitator, internal
decontamination spray nozzles, heat tracing, sonic level
detector, temperature sensor and remote manual emergency drain
valve, the associated process feed pump, mixing pump with remote
manual cranking capability and internal decontamination . pray
nozzles, cement screw conveyor,'ssociated piping, valves and
instrumentation. Proce s feed pump discharge branch lines permittransfer of wastes bet.ween the. two mixing tanks. The sealed
cement. silo with pneumatic conveying and dust control system,
sonic level detector, diverting valve, adju table speed rotary
valve, the ope sodium silicate tank and pump, and the containerfill pipe with sonic 3.evel detector and associated piping,
valves, and instrumentation are located in normally acces..ible
areas or are of low maintenance design, therefore serving bothsolidification equipment trains. The cement silo and sodiumsilicate tank are filled by a bulk truck from the hose connection
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outside the cement silo building. Depending upon the experienced
specific activity, the waste-cement mixture is filled into either
a nominal 200 ft~ or a 50 ft3 disposable steel container or other
suitable containers. The complete solidification of waste is
maintained by testing similar waste process fluid and„
solidification agents prior to the start of actual
solidification. Prom this the process parameters are formed for
each type of process fluids which determines the operational
boundary conditions. Operation of the solidification system

-adheres to these boundary conditions which are recorded for
individual batches, thereby assuring complete solidification. Tf
prior to the drum capping operation, free surface water should he
found in a waste container, it can be readily absorbed by the
addition of a small guantity of Portland cement to the waste
container before capping. This can be accomplished by use of a
small paper bag of. Portland cement being added to the container
at the swipe/pickup station by use of the swipe tes . tool. This
tool can be used td pick up and drop in the container a preloaded
bag of cement. These containers are provided with a fillneck,lid with compressive -.gasket and clamp zing identical to that of a
standard'55 gal- drum per DOT 170 Specification. The 50 ft~
cylindrical container further qualifies as Type A per DOT
regulations. ' remotely controlled capping machine ad.jacent to
the fillstation secures a watertight lid on the container.
This is followed by a decontamination spray station with roll-up
entrance and exit doors to minimize spread of .contamination. A
long handled pair of tongs protruding'hrough the shield wall in
the container swipe/pickup station allows swipe sampling of the
container top and two sides.

The waste containers are ransferred Crom the loading t:o thefill, capping, washdown and swipe/pickup station on an endless
cable propelled rail dolly with container adapters as necessary
to adjust container height to ma tch the fixed height of thefillport and capper. An idler cable allows manual retrieval 'of.
the cart, should the motorized winch or endless cable Fail-
Three pushbutton stations are provided fo" the cart control with
position indicating lights on the control panel.

The solidification system is step-contro13,ed from a panel with
mimic display located in a shielded area adjacent to the
container transfer aisle." . The filling and capping operat ion can
be observed through lead glass shielding windows, while loading
of the containers onto and picking them up Crom the cart is
observed on a closed circuit TV monitor'with cameras attached to
the radwaste building crane. Additional viewing mirrors and TV
cameras are installed as necessary to observe the manual swipe
sampling. A branch line fro'm the phase separator slude discharge
pumps, a return line to the liguid radwaste collection tanks, and
a vent line are provi'ded to the radwaste huilding truck loading
area for hookup of a truck mounted sludge dewatering device or
solidification system.
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The formulation ranges of solidification agents reguired to
achieve dry solidification of the various waste materials will he
described i'he IJNI topical report. The formulation established
during shop testing of this system utilizing non-radioactive
wastes is given in Table 11.4-8.

Table 1 1.4-8 is provided as a guide in determining the proper
waste mixtures for processing. However, the data will be
adjusted during system operation to reflect the actual hatch
sizes of the filter cake, its moisture content, composition, and
the evaporator concentrate waste material concentration.

Bad.waste Building Crane

A remotely controlled bridge crane is provided in the solid waste
handling area of the radwaste building. Tt is used for loading
of empty waste containers onto the rail dolly, transferringfilled containers from the rail dolly into temporary storage
compartments and onto a shielded truck for offsite disposal and
for disassemhling the radwaste filters.
The lifting deck on the crane is suspended by four independent
cables reeved by two cable drums. This minimizes swaying duringlifting and unbalancing of the load should one cable fail. p'our
pneumatirally operated twist lock pins on the lifting deck engage
four compatible receptacles with lead-in'n the waste rontainer
tops and storage compartment lids. This allows crane operation
from any one of three stationary rontrol pendants at a time or
from the main control console, located in normally accessible
areas. The crane bridge and trolley actuate limit switches alongtheir runways, indicating by lights on the control console when
the lifting deck center reaches the container loading, pickup,
storage compartment, and truck loading positions.
The crane bridge and trolley travels are interlocked with thelifting deck elevation to prevent interference with shield walls
and the container loading and pickup shaft walls.
Closed circuit TV cameras on the crane trolley and the lifting
deck transmit images of the relative crane position to a portable
monitor in .he console to assist in remote operation of the crane
when handling filled wasto containers o" compartment lids.
Target marks on the container and compartment lids facilitate
positioning of the lifting derk. Proper engagement of the twist
lock pins in the receptacles is indicated by a light on the
control console and each pendant. A .,lack cable indication lightis provided on the control ronsole only.
The trolley and bridge speeds are'controllable in 10 increments
from 5 to 50 ft per minute while the hoist speed is controllable
in 10 increments from 1.5 to 15 ft per min»te. The motor
generator set .for speed control allows dynamic braking of the
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hoist. Two additional, independent solenoid operated holding
brakes are pro vided.

A standard 25 ton crane hook can be mounted on the lifting deck
for general use of, the radwaste building crane.

Haste Container Storage and Offsite Dispo al
Filled waste containers are separately stored in covered concrete
compartments for radioactive decay prior to offsite disposal.
The number of compartments allows storage of, more than one
month s anticipated solidified waste volume for normal operation
of both reactor units considering refueling. The storage
capacity consist of four (4) shielded compar+ments for the 50 ft~
drums and twelve (12) shielded compartments for the 200 ft~
drums. Each compartment will contain one <lrum. Shielding of the.
storage compartments reduces the radiation in the adjacent crane
control area to less than 2.5 mB/hr. A monitoring room is
provideR fo" final swipe sampling and radiation surveying of thefilled waste containers prior to loading them onto a truck.
Sufficient lifting height is provided to place a large waste
container into a top entry shield cask on a truck-

11.4. 2. 3 Dry Solid Haste Subsystem

The dry soliR waste subsystem collect= contaminated filter media,
clothing, equipment, tool.s, paper, plastic sheeting, and
miscellaneous raRioactive was+es that are not amenable tosolidification prior to packaging.

Depending upon the activity level, the physical size, and the
material, three handling and packaging procedures for dry solid
wastes are used. Except for irradiated reactor internals and the
HEPA filter elements at the in and outlet to the ambient
temperature charcoal offgas treatment system; +he dry solid wasteis expecteR to allow temporarily unshielded handling without
excee<ling the dose limi+s of 10CFR20. Normally the dry solid
wastes are <lisposed of in licensed burial groun<ls after
radioactive decay at the plant.
Irradiated Reactor Internals
Irradiated reactor internals being replaced are removed f rom the
RPV underwater and stored fo" radioactive decay in the fuel pool.
Subsect.ion 9. 1-4-2.2 descrihes reactor vessel and in-vessel
servicing equipment use<i for handling reactor components.

An estimated average of 7 percent t14) of the control rod blades
are removed from each reactor annually and are stored on hangers
on the fuel pool walls or in rack.. in+er persed with the spent
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fuel racks. Offsite shipping is done in spent fuel shipping
casks.

Approximately 50 percent (22) ot the power range monitor'PRN)
detectors are replaced in each reactor annually. The replacement
p'rocedure is described in Subsection 9. 1.0.2.2. Spent in-core
detectors and dry tubes are transferred .on a refueling platform

~auxiliary hoist underwater to the spent fuel pool.
A pneumatically operated cutting tool supplied with the nuclear
steam supply system allows remote cutting of. the in-.core
detectors and dry tubes on the work table in the fuel pool. The
cut in-core monitors and dry tuhes and other small sized reactor
internals are shipped offsite in suitable containers and/or
shielded casks that can be loaded underwater.

1

A trolley mounted disposal cask with 'internal cable drum is
supplied with the nuclear steam supply system for spent source
and intermediate range neutron monitor (SBM, TRH) detector cables
retrieved from underneath the reactor, and the traverse in-core
probe (TIP) wires retrieved into the reactor huilding-
HEPA Filter Elements of the Offgas System

The inlet and outlet HEPA'filter elements of the'mbient.
temperature charcoal offgas system are housed in four pressure
vessels at. the inlet and two pressure vessels at 'the outlet. of,
each Unites system. Due to the high activity expected, the inletfilter vessels are designed for remote shielded removal of +he
elements into an in-plant transfer cask. The annual numher of
disposed HZPA filter elements from the offgas system is sho~n in
Table 11.Q-2. The size of the individual filter elements allows
disposal in a container;,with 55 gal drum ..ize opening. To reduce
the waste volume, the filter elements can he placed in a wet
solid waste container prior to filling with the waste cement
mixture. A floor hatch above the wet solid waste container
decontamination station is provided for this purpose.

The offgas HEPA filter cartridges. are prevented from floating to
the top of the waste containers hy a'%led weights, thus taking
advantage of the cement shielding.
Filter Media from Ventilation Systems and t he Laundry Drain
System~ Niscellaneous Contaminated Dry Solid Pastes

Administrative procedures provide for frequent radiation
monitoring and periodic replacemen't of the ventilation and
laundry drain system filter media to limit the dose to
maintenance personnel during handling to as low as reasonably
achievable (ALARA) . Redundant filter trains further allow
shutdown of one train for decay of the radioactive isotopes in
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t the filter media before replacement. Portable charcoal removal
and loading systems are employed for packaging exhausted charcoal
beds in 55 gal drums.

Pre- and HEPA filter elements are manually retrieved from thefilter housings and wrapped in dust-tight plastic bags-

Where .possible, the dry filter media waste and miscellaneous
wastes from the rad lab instrumentation shop and decontaminationstations are compressed into 55 gal drums by a hydraulic
compactor with vent hood in the radwaste building. A fan on the
compactor keeps the 55 gal drum interior at a slight vacuum with
discharge through a HFPA filter to the building ventilation duct.
A special compactor may he installed later for compacting the 24in. ventilation filters into standard 55 gal drums.

The. averaged'nnual volumes of uncompacted dry solid wastesoriginating from dry filter media is shown in Table 11-4- 2. The
averaged annual volume of charcoal waste is derived from the bed
depth, number of test canisters provided, and required test
frequency per NRC Regulatory Guide 1.52. These volumes may be upto six times higher for any given year due to removal of the
longest time exposed test canister. The averaged annual volumeof prefilter, HEPA, and laundry drain cartridge filter waste is
estimated from previous plant experience. The 55 gal drums are
stored adjacent to the hydraulic compactor with storage capacityavailable for twenty (20) 55 gal drums.

\

Volumes of miscellaneous wastes may vary widely depending on the
housekeeping in the plant. Compacting reduces the miscellaneous
waste volume approximately by a factor of three.
The averaged annual dry solid waste volume, when partially
compacted, =is expected to be approximately 20 percent of thetotal solid waste volume including solidification agents. This
compares with the results of the "Survey and Evaluation of
Handling and Disposing of Solid Low-Level Nuclear Fuel Cycle
Wastes" published by the AIF in October 1976.
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TABLE 11.4-1

INPUTS TO THE WASTE MIXING TANKS

SOURCE WASTE TYPE
(NOTE 4)

EXPECTED MAX. EXPECTED
AVERAGED BATCH BATCH SIZE EXPECTED
SIZE AND FRE- AND FRE- . YEARLY
QUENCY QUENCY VOLUME
(FT /DAYS) (FT /DAYS) (FT )

(NOTE 1)

EXPECTED
YEARLY SOLIDI-
FIED VOLUME
USING PORTLAND
CEMENT AND
SODIUM SILICATE
WITH ADDITION
OF EVAP. CONC.
(FTa) NOTES

Radwaste Demineralizer Dewatered spent ion exchange 140/40
resin beads

140/6.2 1281 7103

Radwaste Filters Dewatered fouled D.E. incl. 20/19.2
crud

20/3 385 1397

Waste Slud e Phase Se
Cond. Demin. Resin
Cleaners

Fuel Pool Cleanup F/D

21.55/4.85
Dewatered corrosion prod. (13.34/4.63)
crud and D.E. precoat and
body feed
Dewatered (40 w/o) spent (14.05/9)
powdered ion exchange resin,
corrosion products crud and
small amounts of D.E.

21.55/0.212 1622
(13.34/0.22) (1052)

(14.05/9) (570)

5604

RW Cleanu Phase Se 's Dewatered spent powdered
ion exchange resin,
corrosion products crud and
small amounts of D.E.

69.3/60 86/60 422 1991

Radwaste Eva orators
Cond. Demin. Regeneration

Labs and Decon. Stations
Auxiliary Boilers

Sodium sulfate ( 12 w/o)
Corrosion products, crud.
Various chemicals
Crud, corrosion products

200/4.67
(182.8/4.63)

(1.34/1)
(2.05/1)

200/0.276 15645 5781 (Note 1) 3
(188/0.27) (14411)

(1.34/1) (488)
(24/1) (746)

concentrate resulting in a 15 w/o suspended solids mixture prior to solidification. The
excess evaporator concentrate (4574 fta) is solidified separately as shown in column (6).

2) Max. Expected Batch Size and Frequency is for one unit in cold startup, the other unit in
normal operation.

3) Max. Expected Batch Size and Frequency is for one unit with cond. demin. back to back
regenerating, the other unit in normal operation.
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TABLE 11.4-1 Continued)

4) Bulk density of dewatered spent resin beads (50 w/o moisture; 3.6 w/o crud): 45.9 ib/fta.
Bulk density of dewatered fouled D.E. (43 w/o moisture; 43.7 w/o crud): 32.1 ib/fts.
Bulk density of dewatered crud 100 lb/fta
Bulk density of dewatered powdered ion exch. resins (60 w/o moisture): 45 lb/fta
Density of evaporator concentrate (12 w/o Sodium sulfate): 70.35 ib/fts
Density of dry portland cement (particulate) 94 ib/fta
Density of sodium silicate (Si0 /Na 0 ratio 3.22): 86.8 lb/fta
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TABLE 11.4-3

SOLID WASTE MANAGEMENT SYSTEM COMPONENT DESCRIPTION

A. PUMPS
EQUIPMENT

NOS. TYPE
CAPACITY TDH

QUANTITY MATERIAL EACH,gpm ft
USAGE
FACTOR - DRIVER
NORMAL hp

DESIGN
PRESSURE/
TEMP.
psig/4F

RW Cleanup Phase Sep.
Decant

RW Cleanup Phase Sep.
Sludge Disch.

Waste Sludge Phase
Sep. Decant

Waste Sludge Phase
Sep. Disch

Cond. Demin. Regen.
Waste Transfer

Cond. Demin. Regen.
Waste Transfer

OP-336

OP-334

OP-331

OP-332

1P-106A,B

2P-106A,B

Solid Radwaste Collection
Spent Resin Transfer OP-320 Prog.

Cavity
(Moyno)
Horiz.
Centr.
Horiz.
Centr.
Horiz.
Centr.
Horiz.
Centr.
Inline
Centr.
Inline
Centr.

SS

SS

SS

SS

SS

SS

50

200

50

200

85

SS 200 369

155

272

155

272

53

150

0.010'0

0.012 10

0.008 30

0.031 10

0.03 30

0.009 3

0.009 10

160/140

150/155

150/155

150/155

150/155

150/105

150/105

Mixing OP-307A,B

Sodium Silicate OP-309

Cement Feed 08-305

Radwaste Solidification

Process Feed OP-304A,B Prog.
Cavity
(Moyno)
Prog.
Cavity
(Moyno)
Prog.
Cavity
(Moyno)
Rotary
Valve

2 SS/BUNA N 20 (setp.3 psig) 0.007 2

2 SS/BUNA N 32 (setp.3 psig) 0.007 3

1 CS/BUNA N 2.9

1 C.I. (110 Ib/min.) 0.014 1

(setp.180 psig) 0.014 1/2

125/180

125/180

125/105
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TABLE 11.4-3 Continued

B. TANKS
EQUIPMENT

NOS. TYPE

LIVE/
NOMINAL
CAPACITY,

QUANTITY MATERIAL EACH,gal

DESIGN
PRESSURE/
TEMP.psig/oF

Solid Radwaste Collection
Spent Resin OT-324
RW Cleanup Backw. 1T-225

Receiving
RW Cleanup Backw. 2T-225

Receiving
Fuel Pool Backw. OT-203

Receiving
Cond. Demin. Regen. 1T-106A,B

Waste Surge
Cond. Demin. Regen. 2T-106A,B

Waste Surge
RW Cleanup Phase OT-318A,B

Separator
Waste Sludge Phase OT-331

Separator

Radwaste Solidification

Vert. Cyl.
Vert. Cyl.

Vert. Cyl. 1

Vert. Cyl. 1

Vert. Cyl. 2

Vert. Cyl.

Vert. Cyl. 2

Vert. Cyl. 1

SS
SS

SS

SS

CS

CS

SS

SS

7150/750
2335/3000

2335/3000

1815/2500

3300/3390

3260/3200

3100 Supern./750 Sludge/7400

7330Supern./500 Sludge/10780

Atmos./200
Atmos./200

Atmos./200

Atmos./200

Atmos./105

Atmos./105

Atmos./200

Atmos./200

Waste Mixing
Cement Silo
Sodium Silicate
HSA Waste Container
LSA Waste Container

OT-307A,B
OT-306
OT-309
OS-321
08-320

Vert. Cyl.
Vert. Cyl.
Vert. Cyl.
4x4ft Cyl.
6ft cube

2
1

1

As Req.
As Req.

SS
CS
CS

CS

CS

700/750
3950/4325
1150/1270
353/380
1415/1570

Atmos./200
Atmos./100
Atmos./200
Per DOT 7A
Atmos./250

EQUIPMENT
C. MISC. EQUIPMENT NOS. TYPE QUANTITY MATERIAL CAPACITY hp

Radwaste Building
Crane

OH-301 Bridge 8
Trolley

Vert.hydr.
piston
Rail, cable

OS-313Waste Compactor

Waste container OS-315
transfer cart.

Waste container storage compartments
Large (Top entry)
Small (with lid)

12
4

CS

CS/SS

CS

concr.
concr.

25 tons

10 tons

48ft lift
168ft runway
34ft span
14-1/2 in. stroke

For 6ft cube cont.
For 4x4ft Cyl. cont.

20 tons 63.75ft travel

50
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SOLID MhSTE NhNhGENENT SYSTEN PLOMS (Refer to Pigure 11.4-3)

Stream
No Stream

(NOTE 1)

hveraged Number
and frequency Volume/Batch Flov rate
of batch gal gpm
(NOTE 2)

Weight of
devatered
solids per
batch, lb
(NOTE 3)

Nax. expected
number and
freguency
of batch
(NOTE 4)

Notes

To Spent Resin Tank 1/40.6 days
(from Radvaste Demin.)

1910 96 6535 1/6.3 days volume includes
28 gpm sluice water
for 20 min.

20

3.

To Radvaste (Devater-
ing) Pilter (From
Spent Resin Tank)

To Waste Sludge Phase
Separator (From
Regen. Waste. T.)

7/40.6 days

1/4. 63 days

2850

7588

50

35

934

190

7/6.3 days

1/0.22 days

volume includes
flushing

Density of dewatered
solids assumed at
100 lb/ft.*

To 'Waste Sludge Phase
Separator (Prom Fuel
Pool Backv Tank)

1/18 days 1950 By Gravity 350 1/18 days

5 To Radwaste (Devater- 1/4. 85 days
ing) Pilter (Prom
Waste Sludge Ph. Sep.)

10100 50 290 1/0. 33 days Frequency determined by
RW filter capacity and
based on 6.9 v/o
of povdered ion ex-
change resin and crud
settled as 500 gal.
of sludge. 100 gal.
flush vater incl.
hverage density of
devatered solids
74 lb/ft. 4 (not
including filter
precoat and body feed)

6. To RMCU Phase Sep. 1/2.93 days
(From RMCU Backv.

Tan ks)

2200 By Gravity 114 1/0.69 days

7. To Radvaste (Devater- 5/60 days
ing) Filter (Prom
RMCU Phase Sep.)

6625 50 467 5.4/60 days Frequency based on
20 v/o of powdered ion
exchange resin and
crud settled as
750 gal. of sludge.
100 gal. flush water
inc 1.

8. To Waste Nixing Tanks 1/4.73 days
(Prom Radvaste Pilter)

165 By Gravity 673 1/0. 32 days Waste sludge phase sep.
crud powdered ion ex-
change resin and
devatering process D. E.



TABLE 11.4-4 ~Continued}

Stream
Ho. Stream

(HOTE l)

Averaged Nunber
and frequency
of batch
(NOTE 2)

Volume/Batch Flow rate
gal gpm

Height of
d evatered
solids per
batch, lb
(NOTE 3)

Hax. expected
number and
frequency
of batch
(NOTE 4)

Notes

9.

10.

To Haste Hixing Tanks 7/40.6 days
(From Radwaste Filter)

To Haste Hixing Tank 1/19.2 days
(Pron Radvaste Pilter)
To Haste Hixing Tank 5/60 days
(Pron Radvaste Filter)

152

151 5

103. 6

By Gravity 934

By Gravity 650

By Gravity 546

7/6.3 days

1/3 days

5.4/60 days

Radvaste Den. Resins

Radwaste Filter d.e.
and crud

RMCU Demin. povdered
ion exchange resin,
crud and devatering
process D.E.

12. To Haste Hixing Tanks 1/2. 34 days
(From Evap. Conc. Tank)

780 20 7336 1/0. 14 days Height based on
tenfold concentration
of Na2SO4 and
aux. boiler blowdovn,,
100-fold concentration
of lab drains. Hax. for
cond. den. of one unit
back to back regen.

13. To Large Haste Cont- 1/3.41 days
ainers (From Haste
'.lix ing Tanks)

1415 20 Solidified 1/0.21 days
16017

Solidified vith
Portland cement and
sodium silicate.
Shipping efficiency
88 5%

14. To Small Haste Con- 1/8.49 days
tainers (prom waste
Mixing Tanks)

353 20 Solidified 1/7.86 days
3794

Solidified vith
Portland cement and
sodium silicate.
Shipping efficiency 88.4%.

15. To Hydraulic Press/
Trash Compactor
(Prom Labs and Decon.
Sta t ions)

1/1. 33 days 165 Variable Per AIF (NESP) survey
and evaluation of
handling and dis-
posing of solid lov
level nuclear fuel cycle
wastes, Oct. 1976,
contaminated trash
contributes 20% to
annual solid vaste
volume

16. To 55 Gal. Drum 1/1. 33 days
(Pron Hydraulic Press)

55 Variable



ThBLR 11.4-4 (Continuedl

1) Filter and Denineralizer vastes are solidified with addition of evaporator concentrate.

2) Batch frequencies are fron total nunber of equipnent.

3) Devatered ion exchange resins contain 50-60 v/o interstitial vater

4) Naxinun expected nunbers and frequencies of batches are for one unit cold startup one unit nornal operation, except
for strean 12.





TABLE 11 ~ 4-8
TYPICAL DWATERED FILTER CAKE SLURRY RATIOS

WASTE

Crud Er, D. E.

APPROX
DENSITY
¹/FF
25

APPROX
MOISTURE
CONTENT OF
FILTER CAKE

W/0

60

ASS UhKD
VALUE OF
DEWATERED
WASTE

10

VALUE
OF 25 W/0
Na2SO4
EVAP CONCEFZRATE
TO BE ADDED-PP

18 ~ 15

15 W/0
SOLID SLURRY
MIXED
VOLUhK

21 '
(158 gal)

307
TANK LEVEL
READING

FULL

19

Fouled Powdex
L Solka Floe

Fouled DE

45

21

55

60

10

10

32 '

15 '5

39 '
(291 gal)

17 ~ 85
(133 ' gal)

35

17

Bead Resins 50 60 10 36 ~ 3 43 ~ 7
(326 gal)

39

These data are subject to verification in field with actual equipment performance

Concentrate volume required to produce 15 w/o dewatered solids slurry. This is the maximum

solids concentration to be used in normal processing

If the moisture content of the filter cake varies from the value given above, adjustment
of the dilution liquid added is required
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11 5 PROCESS AND EFFLUENT RADIOLOGICAL MONITORING AND
SAMPLING SYSTEMS

The process and effluent radioloqical monitoring and sampling
systems are provided to monitor releases of radioactive material
in the plant gaseous and liquid process and effluent streams in
order to control these releases.

ll 5 1 DESIGN BASES

11.5.1.1 Design Objectives

The desiqn objectives of the systems described in this section
are to generally conform wi.th the requirements of General Design
Criteria 60, 63 and 64; and Regulatory Guide l. 21, Rev. 1, 6-74.

Certain of the effluent systems described provide mitigating
circuits for the Engineered Safety Feature Systems. These
systems are designed to be in compliance with IEEE 279-1971 to
assure performance of the protective action required. References
to Chapter 7 are provided for these systems.

Provision for, monitoring postulated accidents is primarily
provided by the measuring range of the channel provided. These
ranges are noted in table 11.5-1

11.5.1.2 Design Criteria

Desiqn Criteria are General Desin Criteria 60, 63 and 64,
Requlatory Guide 1.21, Rev. 1, 6-74, and IEEE 279-1971.

ll 5 2 PROCESS AND EFFLUET RADIOLOGICAL MONITORING
SySTEM DESCRIPTION

ll.5. 2.1 Continuous Process and Ef fluent Monitor Systems

Process and effluent radiological monitoring systems (RMS) are
identified below. Systems which provide safety related functions
are noted and appropriate references are made. One influent
system is listed since it is the same basic equipment.

(1) Gaseous ef fleunt stream monitoring:

a) Reactor Building Vent Exhaust Sampler

11. 5-1
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b) Turbine Building and Radvaste Vent Exhaust Sampler and
Sa m pie RN S.

c) Standby Gas Treatment Vent Exhaust Sampler.

d) Standby Gas Treatment Vent Exhaust RMS: a safety
related system also discussed in Subsections 7.3.1. 1b.4
and 9.4.2

e) Refuelinq Floor Mall Duct Exhaust RNS: a safety related
system also discussed in Subsections 7. 3. 1- lb.5 and
9.4 2

f) Refueling Floor High Exhaust Duct RMS: a safety relates
systemalso discussies in Subsections 7. 3. 1- 1b.5 and
9.4.2

q) Railroad Access'Exhaust Duct RMS: a safety related
system also discussed in Subsections 7.3.1.1b. 5 and
9.4.2

h) Outside Air Intake (Influent) RNS: a safety related
system also discussed in subsections 7.3.1. 1b.7-, 9.4.2
and Section 6.4.

'I

(2) Liquid effluent monitor systems

a) Plant Radvaste Effluent
b) Service Water Discharge

(3) Gaseous process streams monitoring

a)
b)
c)

Offgas Pretreatment
Offgas Post- treatmen t
Main Steamline Radiation Monitorinq System (see
Subsection 7. 3 1)

4) Liquid Process Monitor Systems

a) RHR Service Water RNS

11. 5. 2. 1 1 Reactor Building Vent Exhaust Sailer
This system samples effluent from reactor building ventil'ation
exhaust from zones as noted on Figures 9.4-7, 9.4-8 and 9.4-9.'
sample is continuously extracted usinq an isokinetic probe
designed for the vent. The sample is passed throuqh particulate
and adsorbent filters and returned to the exhaust vent.

11. 5-2
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Periodic removal of the filters for laboratory analysis vill
provide data foc required effluent reports
A remotely operated purge of the system is provided.

11.5.2.1.2 Turbine Building and Radwaste Vent Exhaust
Sampler and Sam~le BNS

This system samples effleunt from the turbine building exhaust
vent vhich serves the turbine building ventilation and the
radwaste building as shown on figure 9.4-14. This effluent
includes the processed and filtered reactor gaseous radvaste.

A continuous sample is extracted via an isokinetic probe designed'for the vent. The sample is monitoced in a local sample panel to
minimize sample line length

Dual GN tubes'onitor the sample for cadiation in parallel with
the filtering of the sample throuqh particulate and adsorbentfilte"s. The filters are periodically removed for laboratory
analysis.

The tvo GM tubes are used in identical instrument channels each
consistinq of the detector, a loq count rate meter, and one penof a two pen recorder located in the main control room. A check
source and purge operated from the control room provide theability to check proper„operation. Each circuit is provided with
tvo upscale and one downscale trip points to indicate highradia"ion and malfunction respectively. Control room alarms are
provided for these trips. Ranges of instcuments and setpoints
are provided per the technical specifications. See table 11.5-lfor deta ils.

11.5.2.1.3 Standby Gas Treatment System Vent Sampler
and Sample RMS

The system monitors radioactivity in the Standby Gas Treatment
System Vent pcior to release to the environment. A continuous
sample is extracted using an isokinetic probe designed for the
vent. The sample is passed throuqh the standby gas treatment
sample panel for monitoring and filtering and returned to the
exhaust vent. The sample panel has a pair of filters (one for
particulate collection and one for halogen collection). This
samplinq and monitoring system is the same as the turbine
building vent samplinq system.

11. 5-3
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11.5.2.1.4 Standby Gas Treatment Vent Exhaust Radiation
Mon i to ring est em

The svstem monitors gamma radiation in the exhaust vent of the
standby gas treatment system. Two redundant instrument channels
constitute this system. Automatic trip of the active standby gas
treatment system and the standby train is actuated upon detection
of high radiation in the exhaust vent.

(l) The detectors are mounted inside the exhaust vent.

{2) The sensors are Geiger-Huller tubes with converter
units. Refer to table 11.5-1.

(3) Two redundant, independent instrument channels are
designed each with a detector/converter unit mounted
locally and an indicator trip unit in the control
structure. The radiation measuremont is displayed on
the indicator trip unit and both channels are recorded
in the, main control room on a two pen recorder.

The trip circuit detects two upscale trips {high-high
and high radiation) and one downscale/inoperative trip.

(4) The following annunciators are located in the control
room:

a) Standby Gas Exhaust Vent High-High Radiation

b) Standby Gas Exhaust Vent High Radiation

c) Standby Gas Exhaust Vent Honitor Downscale

5) The power source for instrument channel A is from the
reactor protection system 120 V ac supply bus A.

Instrument Channel B is powered from RPS bus B.

6) Set points for alarms are defined in the technical
specification (Chapter 16).

11.5. 2. 1.5 Refueling Floor Mall Exhaust Duct Radiation
monitoring System

This system monitors the radiation level in the exhaust duct from
the refueling floor prior to its discharge to the atmosphere
through the reactor building vent.

Refer to Figure 9.4-8 for system design.

11. 5-4
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The detection assemblies are located in the exhaust.
ductinq upstream of the inboard isolaticn damper. The
distance from the inboard isolation damper is defined by
the ven tilation flow transport time at maximum design
flow rate from the detector location to the inboard
isolation damper, which is qreater than the total time
to respond to a trip level radiation for complete
closure of the inboard isolation damper.

(2) The detector assembly is a Geiger-cruller tube with a
converter unit.
Two redundant indeoendent instrument channels are
provided. Each channel consists of a local de tector and
converter unit, which transmits a signal to the control
room indicator and trip unit. Two trip circuits monitor
the upscale (high-high)/inoperative condition and the
downscale condition. The upscale trip indicates high
radiation and the downscale trip indicates instrument
troub1e. The upscale trip initiates closure of the
reactor buildinq Zone XII ventilation outboard isolation
dampers, starts the SGTS and the reactor building
recirculation system (see Sectioh 6. 5) . Refer to
Section 7.3 for isolation logic. The radiation level of
each channel is recorded on a two pen recorder.

Measurement ranges are def ined in Table 11.5-1.

(5) Two alarms for high radiation (hiqh and high-high) and
one alarm for downscale trip are located in the control
room. Actuation ofisolation dampers is discussed in
Section 7.3.

(6) Reactor protection system power bus A is the power
source for one instrument channel. RPS bus B is power
source for the other channel. Refer to Chapter 8.

(7) The monitors are readily accessible for calibration,
inspection and maintenance. A portable gamma source may
be used for testing the instrumentation.

11.5.2 1.6 Refueling Floor High Exhaust Duct Radiation
Nonitoring~Sstem /Unit 1 only+

This system monitors the radiation level exterior tn the fuel
pool ventilation exhaust duct. The system is identical to the
refuelinq floor wall exhaust radiation monitoring system with the
same channel trip loqic and protective action initiation Refer
to Fiqure 9.0-8 and Table 11.5-1 for system configuration.

11. 5-5
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11.5.2.1.7 Railroad Access Exhaust Duct Radiation- Monitoring
~Sstem /Unit 1

only'his

system monitors the radiation level at, the air exhaust duct
prior to the reactor building vent The system design is
identical to the refueling floor„wall'adiation, monitoring.
system. Table 11. 5-1 identif ies type of detector, location and
instrument ranges. Refer to Section 7.3 for reactor buildingisolation initiation., Figure 9.4-8 documents the system
configuration.

1 1.5.2. 1.8 Control Structure Outside Air Intake Radiation
Nonitor~in ~S stem

i
The radioactivity of the outside air intake for the control
structure is continuously monitored to detect airborne
radioactive material which enters the heating, ventilating, andair conditioning sys+em for the control structure An increase
in gamma radiation is detected by the two redundant instrument
channels. The system provides a trip signal to initiate the
emergency intake air supply system for the control room
.habitability engineered safety feature. Refer to Section 7. 3 for
actuation of this safety system.

(1) The two redundant monitors are located in the outside
intake air plenum.

(2) The radiation detection system uses a Geiger-Muller tube
with a converter unit.

(3) Two redundant, independent instrument channels are
provided, each with,an indicator and trip unit in the
control structure. The radiation measurement is
displayed on a four -decade logarithmic scale A highradiation reading initiates the upscale trip circuit and
contacts for alarm and protective action are provided.
Power failure or component malfunction causes downscaletrip initiation.,
Each channel measurement is recorded on a two pen
recorder in the control room.

(4) Instrument ranges and scale information are in
Table 11.5-1.

ll

(5) High/high radiation and downscale/inoperative alarms are
displayed in the control room. The two pen recorderinitiates a control room high radiation alarm set. at aslightly lower level than the high/high alarm.

1 1. 5-6
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At high/high radiation level, the trip circuit initiates
the emergency outside air intake system as described in
Section 7.3.

a
II

'

(6) Each channel is powered by its separate and iridepen'dent
,reactor protection system power supply,. channel A from
RPS bus A, and channel B from RPS bus B.

Refer to Chapter 8 for electrical poler distribution.
4

(7), Set points for alarms and controls are per the technicalspecification. ~ Refer to Chapter 16.

(8) The instrumentation is readily accessible forcalibration, inspection, ~ and maintenance. A portable
gamma source unit may be used for testing andcalibration.

11.5.2. 1.9 Liquid Radwaste Effluent RNS

This system monitors the gross gamma activity in the dischargeline from liquid radwaste prior to discharge into the cooling
tower blowdown line.
The system monitors a sample of the discharge effluent by use of
a side stream of the discharge. The side stream pipe is 'located
downstream of the last point of. waste admission to the discharge,
and upstream of the first isolation valve. The sample flow is
pumped by the Liquid Radwaste Effluent RMS through a shielded
sample chamber and back to the discharge line upstream of thef low control valve (Fig. ll.2-12)

The Liquid Radwaste Effluent RNS consist of:

2.

a flow element to measure, total discharge flow rate.
The flow rate is recorded on a recorder on panel OC301in radwaste control room. A signal is sent to aradiation calcultor to be combined with,a signal from
the radiation element system to-calculate the integrated,release in p ci., This calculated release is

unrecorded

on
pen two of a two pen recorder;

t

a gamma sensitive scintillation detector contained inthe shielded sample chamber. The count rate is
converted to p ci/ML and recorded on pen one of a two
pen recorder as the'nstantaneous release rate. Thesignal is also sent to the radiation calculator tocalculate the integrated release in y ci.

Rev. 27, 10/81 11. 5-7
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The monitoring instrumentation provides three trips, all of vhich
terminate radwaste discharge. The trips are high radiation,
downscale and lov sample flov. The high radiation and downscale
trips initiate a'larms in the main control room and the low sample
flow trip initiates an alarm in the radvaste control room. A
check source is provided for periodic testing of the monitoring
system.

All controls, alarms, set point adjustment and indicators are
located in the radwaste control room, except for trouble alarms
located in the main plant control room. Two isolation valves
installed in series are provided. These valves are air operated
and fail closed. All controls and permissive interlocks reguire
contact closures to open the valves, thereby providing fail safe
valve control. No emergency power is provided.

System sensitivity meets the reguirements of Regulatory
Guide 1.21 Bev. l, 6-74 of 1 x 10-~ y Ci/ml by gross
radioactivity measurement.

Refer to Section 11.2 for a discussion of consentrations,
compositions, flows and measurements.

11 5 2.1 10 Service Mater Discha ge Radiation Monitoring System

The objective of this system is to de ect radioactive material
leakage to the service water from any source.

(1) The service water monitor is located on the downstream
side of the fuel pool heat exhangers prior to discharge
t.o the cooling tover. (See Figure 9. 2-1b) .

(2) A scintillation detector is provided {See Table 11. 5-1) .

The detection assembly is mounted in a piping T-type
flange in the process flow. Shielding is provided to
ensure aDequate sensitivity to +he process radiation.
local pulse amplifier transmits the signal to the
radiation monitoring unit in the control structure
(upper relay room). The radiation monitor provides
three trip points: One upscale (high-high radiation),
one upscale (high radiation), and one
downscale/inoperative. High radiation and downscale
trips are alarmed in the control room. The radiation
level can be observed in, the control room on a strip
chart recorder.

(4) Table 11. 5-1 shows instrument ranges

(5) No emergency power is provided.

Rev. 27, 10/Sl 11 5-8
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(6) Calibration, maintenance and testing is based, on the
technical specification'-in Chapter 16.

This system monitors radioactivity in the condenser offgas
discharge after„ it has passed through the steam jet aiz ejector
(SJEE), see Figure 10.4.9. The sonitor detects the radiation

'evel'hichis attributable to the fission gases produced in the
reactor and transported with steam through the turbine to the
condenser.

A continuous sample is extracted from the offgas pipe via a
stainless ste'el sample line. It is then passed through a sample
chamber and.a sample panel before being returned to the suction
side of the SJAE. The sample chamber is a steel pipe, which is
internally polished to minimize plateout. It can be purged with
room air to check detector response to background radiation by
using a three-way solenoid operated valve. The valve is
controlled by a switch located in the main control zoom. The
sample panel measures and indicates sample line flow.
The sample chamber is monitored by three channels. Each channel
has a gamma-sensitive ionization chamber mounted external to the
sample chamber. Two channels have, logarithmic radiation monitors
which provide system alarm output. The third channel has a
linear radiation monitor for recording in the control room. The
two logarithmic channels are recorded on a separate two pen
recorder.

Power is supplied from the 125 V .nondivisional bus for the
logarithmic channels, from 20 V bus A for the linear channel,
from the 120 V instrument bus for the recorders, and from a local
120 V bus for the sample and vial sampler panels.

The logarithmic radiation monitors have four trip circuits: two
upscale {high-high and high), one downscale (low), and one
inoperative.
The trip outputs are used foz alarm .function only. Each trip
actuates a control room annunciator: offgas high-high, offgas
high, and offgas downscale/inoperative. High or low sample line
flow measured at the sample panel actuates a contr'ol room offgas
sample high-low flow annunciator.'

correlation between the observed activity and the monitor
reading permits calibration of the monitor. The radiation level
output by the monitor may be correlated to the concentration of
the noble gases by using the semiautomatic vial sampler panel to
obtain a grab sample. To draw a sample, a serum bottle is
inserted into a sample chamber, the sample lines are evacuated

REV. 11, 7/79
11 5-9



SSES-FSAR

l from the bottle to a solenoid-operated sample valve. The
solenoid-operated sample valve is opened to allow offgas to, enter
the bottle. The bottle is then removed and the sample is
analyzed in the counting room with a multichannel gamma pulse
height analyzer to determine the concentration of the various
noble gas radionuclides.

11 5.2.1 12 O~ff as Post Treatment Radiation Monitoring System

This system monitors the radioactive level in the offgas piping
downstream of the offgas system charcoal bed. By comparing this
measurement with the offgas pretreatment, radiation level, the
effectiveness of the offgas treatment system can be determined.

{1) The detector is located, in.a snowplow sampler mounted on
the downstream piping.

(2) A Geiger-Muller detection is used to measure gross gamma
radiation.

{3) The instrumentatioh consists of a Geiger-Muller tube, a
log rate meter, an alarm switch, a strip chart recorder
in the radwaste control room, and an indicating meter in
the main control room.

(4) Instrument range is shown in Table 11.5-1.

(5) One high radiation alarm is in the radwaste control
room, and one high radiation alarm is in the main
control room.

(6) No emergency power is provided for this system.

11. 5. 2. 1. 13 Main Steamline Radiation Monitori~n~Sstem

This system monitors the gamma radiation level exterior to the
main steam lines. The normal radiation level is produced
primarily by coolant activation gases plus smaller quantities of
fission gases being transported with the steam. In the event of
a gross release of fission products from the core, this
monitoring system provides channel trip signals to the reactor
protection system to initiate protective action. Refer to
Subsections 7.2. 1 and 7.3.1.

(1) Pour radiation monitors are located near the main steam
lines just, downstream of the outboard main steam line
'isolation valves in the space between the primary and

REV. 11, 7/79
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secondary containment walls. The detectors a'e
geometrically arranged so that this system is capable of

7/79
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detectign significant increases in radiation level with
any number of main steam lies in operation'.

Fach monitor has a qamma sensitive ion chamber with
3.7 x'0-~o amp/R/hr sensitivity.
The system consists of four redundant instrument
channels. Each ion chamber detector provides a signal

'o

a control room log-radiation 'monitor with meter and
auxiliary trip unit. One two pen recorder powered from
the l20 V instrument bus allows the output of any two
channels to be recorded by the use of selection
switches. The channels A and C are physically and
electrically independent of channels B and D.

Table 11. 5-1 lists the .range of the detectors.

Each radiation monitor has four trip circuits: two
upscale (hiqh-high and high), one downscale (low), and
one inoperative. Fach trip is visually displayed on the
affected radiation monitor. A high-high or inoperative
trip in the radiation monitor results in a channel trip
in the auxiliary unit ~ which is an input to the reactor
protection system (RPS). A RPS loqic trip from NSL
channel input results in initiation of main steamline
.isolation valve closure, reactor scram, and mechanical
vacuum pump shutdown and discharge valve closure. A

high trip initiates a main control room annunciator
common to all channels. A downscale trip actuates a NSL
downscale control room annunciator common to all
channels. Hiqh and low trips do not result in a cha'nnel
trip. Each channel has a control room display of the
measured radiation level.
Power for two channels (A and C) is supplied from the
RPS bus A and for the other two channels (B and D) from
the RPS bus B. Refer to Chapter 8 for more detail on
emergency power supply.

Set points for alarms and controls are discussed in
Subsect ion 7. 3. 1.

Calibration, maintenance, inspection, decontamination
and replacement of radioloqical instruments is based on
the technical specifications. II
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11.5.2. 1. 14 RHR Service Mater Radiation ilonitoring
System

This system is designed to detect primary coolant leakage into
the RHR service water during operation of the RHR heat exchanger
The two RHR heat exchangers are each rated for 100 percent of
reactor, shutdown operation. In the event of a leakage in one
heat exhanger, the redundant unit could be placed into service by
the control room operator.

A radiation detector is located on the downstream piping of each
RHR heat exchanger.

The description of instrumentation and locations of annunciators,
power supplies, etc, are similar to those outlined in
Subsection 11. 5. 2. l. 10. Table 11.5-1 identifies the
instrumentation.

11. 5. 2. 1. 15 Reactor Building Closed Cooling Mater
Rad iation Monitoring System

The radiation monitor system detects leakage from the reactor
water cleanup system throuqh the nonregenerate heat exchanger
system Any increase of the radiation level is an indication of
leakaqe.

The; detector. is located in the suction header piping of the RBCCW
pumps,

Table 11.5-1 identifies the provided instrumentation

11 5. 2. 2 Routine Sam~ling

The requirements of the system design bases for routine
continuous and discrete samplinq of radioactivity are satisfied
by a system of liquid, gaseous, and airborne samplers, laboratory
equipment for sensitive radio-chemical analyses, and a program of
procedures, for obtaining and analyzing representative samples
when a nd where appropriate. This. subsection provides a
description of syst'm hardware and procedures in general,
includinq the type of sampling equipment used, the procedures to
obtain representative samples, and analytical procedures. Table
11.5-2 is a tabulation of basic information describing each of
the radioactivity samplinq locations, including the basis for
selecting the location, expected process flows, sampling
frequency, analytical procedure, and expected monitor
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sensitivites. Table 11.5-3 gives the expected composition and
concentration of nuclides in routine effluent samples.

Sampling equipment and procedures are provided to assure that
representative samples are obtained. Prior to sampling, large
tanks of liquid waste are well-mixed in as short an interval as
practicable to assure that any sediments or particulate solids
are distributed uniformly in the waste mixture. Sample lines are
flushed for a sufficient period of time prior to sample.
extraction in order to remove sediment'eposits and air and gas
pockets. A sample is taken before discharqe to determine the
isotopic mixture and concentration of the tank. During
discharge, a composite sample is taken of the ef fluent, mired with
coolinq tower blowdown to assure that the individual sample was
indeed representative of the tank. Periods of collection are
kept as short as pracicable, and polyethylene collection bot ties
are used to pceclude the loss of radioactive material by
deposition on the walls of the sample container or volatilization
of potential.ly volatile material. Periodic checks are pecf ormed
to identify any such changes.

Effluent ventilation vents are sampled continuously and
isokinetically for radioactive gases, particulates, and

iodines.'articulateand iodine sampler filters are replaced and removed
for. analysis weekly for all continuous airborne radiation
monitors and samplers.= A qas sample will be taken monthly or if
the gaseous monitor count rate shows a significant change.

11.5.2.2 1 Analytical Procedures

Samples of process and effluent gases and liquids are analyzed in
the laboratory by the following techniques:

A. Gross beta countinq

B. Gross alpha counting

C. Gamma spectrometry

D. Liquid scintillation counting

E. Radiochemical separations

Instrumentation available in the labocatory for the measurement
of radioactivity includes:

A. End-window G<1 counter

B. Gas flow proportional counter
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C. Liquid scintillation counter

D. Gamma spectrometer

1. GeLi detctor.

2. NaI detector

3. Multichannel analyzer system

Gross beta and gross alpha analysis of all liquid effluent
samples are-performed with, the gas flow proportional counter. In
both cases, samples are evaporated. onto stainless steel planchets
for counting. Sample volume and counting time are chosen to give
the desired.,'sensitivities. Corrections are made for saaple-
detector geometry, sample self-absorption, and other parameters
as necessary to assure accuracy.

Gross beta and gross alpha analysis of air particulate is
performed by countinq of filters with the gas flew proportinal
counter.

Gamma spectrometry is used for isotopic analysis- of liquid,
qaseous, and airborne particulate and iodine samples. A high-
efficiency, high-resolution GeLi detector and a NaI detector are
available for resolving complex gamma spectra.

Gaseous tritium samples are collected and counted on the liquid
scintillation conter.

11 5. 3 EFFLUENT MONITORING AND SAMPLING

General Design Criteria 64, "Monitorinq Of Radioactivity
Releases," is implemented usinq the equipment and systems
described in Subsection 11.5.2. with respect to the specific
areas, discharges and environs mentioned in General Design
Criteria 64, the followinq subsections apply.

11 5 3 1 Containment Atmosphere

Honitorinq of containment atmosphere for radioactivity is
described in subsections 5. 2. 5, and 7. 6. 1b. 1. 4. Description is
qiven of the systems which can detect leakage of radiation from
the vessel and piping to the primary containment. Monitoring is
continuous and is applicable to normal operations, anticipated
ocurrences and accident conditions.
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11.5 3.2 Reactor Buildi~n

The reactor building contains components and piping vhich are
used for the recirculation of LOCA fluids. Radiation monitoring
in this space consists of ventilation duct monitors, (refer to
subsections 11.5.2. 1.4 through 11.5. 2. 1.7) and the area radiation
monitors, (refer to subsection 12.3.4 and table 12.3-7 channels 1
thru 16) . The descriptions for this equipment apply for normal,
operating, anticipated occurancies and accident conditions.

11 5.3.3 Effluent Discharge Paths

Monitoring of plant effluent discharge paths is described in
Subsection 11. 5.2.

11.5 3.4 Plant Environs measurement

Properational Environs measurements are discussed in Chapter 6 of
the Susquehanna S.E.S. Environmental Report. Operational
Environs measurements are discussed in Appendix F of the
Environmental Technical Specifications.

11 5 4 PROCESS NON'ITORING AND SAMPLING

Systems monitoring qaseous process streams are described in
Subsections 11,5,2, 1, 11 through 11. 5.2. 1. 13.

Systems monitorinq liquid process streams are described in
11.5.2.1.14 and 11.5.2. 1 15.

11.5 4 1 Process Nonitoring and Sampling Systems

These systemts implement General Design Criteria 60 vith respect
to automatic closure of isolation valves as described in the
followinq subsections.

11.5.4.1. 1 Plant Radvaste Effluent RNS

This monitorinq system vill initiate isolation of tvo effluent
discharge valves. Description is provided in 11.5.2. 1.9.



11. 5.4.1. 2 Service Mater Discharge RNS

This sy tern does not provide" initiation of any isolation
function.

11.5.4. 1:3 Offgas Pretreatment RNS

There is no provi-ion for the offgas pretreatment monitor system
to automatically stop this effluent from reaching the turbine
building exhaust vent.

'1.5.4.14 Offgas Post TReatment RNS

There is no provision for the offgas post treatment monitor
system to automatically stop the effluent from reaching the
turbine building exhaust vent.

11. 5. 4.1,. 5 Nain Steamline RNS

Detection of high radiation hy this monitor system is a trip to
the Reactor Protection System and Primary Containment 'Isolation
(Section 7. 2 and Subsection 7. 3. 1. 1a) .

11. 5. 4 1.6 RHR Ser vice Mater RNS

There is no provision for isolation initiation by this System.

11.5. 4.1 7 Reactor Buildi~n Closed Cooling Mater RNS

There is no provision for isolation initiation .by this system.

11.5 4,2 Process Nonitoring and Sampling Systems

These systems implement General Design Criteria 63, "Nonitoring
Fuel and Maste Storage," with respect to radiation levels in
radioactive waste process systems. Radiation levels are measured
only at points in the actual discharge lines in the case of
liquids and at the discharge vents in the case of gases -(Turbine



TABLE 11 5-1

> PROCESS AND EFFLUEHT RADIATIOH NONITORING SYSTENS

NOH ITORED
PROCESS

A. Saf ety-~elated SIsteas

NO OP DETECTOR
CHANNELS TYPE

DETECTOR
LOCATION

CHANNEL
RANGE

UPSCALE SET POINT
WARNING
ALARH TRIP SCALE

Hain Steamline Ionization
chamber

Immediately 1-10~ mr/br
downstream of
last main steam
valve

later technical
specifica-
tion

6 dec. log

Refuel Ploor Wall Exhaust 2

Refuel Ploor High Exhaust 2

Emergency Outside Air
Intake

Geiger-Huller
tube

Geiger-Huller
tube

Geiger-Huller
tube

Exhaust duct
upstream of
exhaust venti-
lation isola-
tion damper

Exhaust duct
upstream of
exhaust venti-
lation isola-
tion damper

Outside air
intake plenum

0.01 mr/hr later
to 100 mr/hr

0.01 mr/hr later
to 100 mr/hr

0.01 mr/hr later
to 100 mr/hr

technical
specifica-
tion

technical
specifica-
tion

technical
specifica-
tion

4 dec. log

4 dec. log

4 dec. log

Railroad Access Shaft
Exhaust

Geiger-Huller
tube

Exhaust duct 0.01 mr/hr
upstream of to 100 mr/hr
exhaust venti-
lation isolation
damper

later technical
specifica-
tion

4 dec. log

B. Svstems Reauired for Plant Oneration

Service 'Water
Discharge

1 Scintillation Effluent pipe
prior to dis-
charge into
other systems

10-~ to 10~
counts/sec

above
back-
ground

not
applicable

7 dec. log

Reactor Building
Closed Cooling Water

Scintillation Suction header 10-l to 10~
to closed cool- counts/sec
ing water pumps

above
back-
ground

not
applicable

7 dec. long

RHR Service
Water

Scintillation Process pipe
downstream
of heat
exchanger

10-i to 10~
counts/sec

above
back-
ground

not
applicable

7 dec. log



TABLE 11. 5-1 lContinued)

HONITORED
PROCESS

HO OP DET ECTOR
CHANNELS TYPE

DETECTOR
LOCATION

CHANNEL
RANGE

DPSCALE,SET POIHT
WARNING

ALARH TRIP SCALE

Liquid Haste
Effluent (Plant)

Offgas Pretreat

Turbine Building/
Vent Exhaust

Standby Gas Treatment
Vent Exhaust (Sampler)

Standby Gas Treatment
Vent Exhaust

Offgas Post
Treatment

Sc int i 1 la tion

Ionization
chamber

Geiger-Huller
tubes

Geiger-Huller
tube

Geiger-Huller
tubes

Geiger-Huller
tube

Effluent pipe
prior to dis-
charge

Sample line

Sample line

Sample line

Exhaust
vent

Charcoal bed
discharge

1 to 10+
mr/hr

10 to 10~
counts/min

10 to 10~
counts/min

0 01 to 100
mr/hr

0 — 105
counts/min

later

later

later

later

later

not
applicable

not
applicable

not
applicable

not
applicable

not
applicable

6 dec. log/
6 dec. linear
5 dec. log

5 dec. log

4 dec. log



TABLE 11.5-2

RADIOLOGICAL ANALYSIS SUMMARY OF ROUTINE EFFLUENT SAMPLING

Sample
Location

Basis For
Location

Expected
Process Flow

Sampling
~Fce ueuc

Analytical.
Procedure

Expected
Sensitivities

Reactor Building Vents
(isokinetic probe)

Determination of identity.
concentration & quanity of
radionuclides released

168,250 cfm
(each unit)

Once per month or
a) at the time of

a significant
power surge

b) in the case of a
50X change in
monitor count rate

c) when there is a
change in monitor
count rate from an
unknown cause

Analyzed for
gamma emitting
nuclides

10 UCi/CC
(for each isotope)

Unit 1 Turbine Building
Vent (isokinetic probe)

Determination of identity, 385,000 cfm
concentration & quanity of
radionuclides released

Continuous Gross gamma
activity

Sufficient to permit
measurement of a small
fraction of the activity
which would result in (1)
an annual air dose of
10 millirads at any
location near ground
level at or beyond the
site boundary and
(2) an annual air dose
of 20 millirads due to
beta radiation at any
location near ground
level at or beyond the
site boundary

Once per month or
a) at the time of

a significant
power surge

b) in the case of a
50X change in
monitor count rate

c) when there is a
change in monitor
count rate from an
unknown cause

Analyzed for
gamma emitting
nuclides

10 UCi/CC
(for each nuclide)



TABLE 11.5-2 (Cont'd)

Sample
Location

Basis For
Location

Expected
Process Flow

Sampling
~Fre uenc

Analytical
Procedure

Expected
Sensitivities

Unit 2 Turbine Building
Vent (isokinetic probe)

Determination of identity,
concentration & quanity of
radionuclides released

240,000 cfm Continuous

Once per month or
a) at the time of

a significant
power surge

b) in the case of a
50K change in
monitor count rate

c) when there is a
change in monitor
count rate from an
unknown cause

Gross gamma
activity

Analyzed for
gamma emitting
nuclides

Sufficient to permit
measurement of a small
fraction of the activity
which would result in (1)
an annual air dose of
10 millirads at any
location near ground
level at or beyond the
site boundary and
(2) an annual air dose
of 20 millirads due to
beta radiation at any
location near ground
level at or beyond the
site boundary

10 pCi/CC
(for each nuclide)

Standby Gas Treatment
Exhaust Vent

Determination of identity, 7,500 cfm
concentration & quanity of
radionuclides released

Continuous Gross gamma
activity

Sufficient to permit
measurement of a small
fraction of the activity
which would result in (1)
an annual air dose of
10 millirads at any
location near ground
level at or beyond the
site boundary and
(2) an annual air dose
of 20 millirads due to
beta radiation at any
location near ground
level at or beyond the
site boundary



TABLE 11.5-2 (Cont'd)

Sample
Location

Basis For
Location

Expected
Process Flow

Sampling
~Pre uenc

Analytical
Procedure

Expected
Sensitivities

Standby Gas Treatment
Exhaust Vent (Con't)

Once per month or
a) at the time of

a significant
power surge

b) in the case of a
50X change in
monitor count rate

c) when there is a
change in monitor
count rate from an
unknown cause

Analyzed for
gamma emitting
nuclides

10 pCi/CC
(for each nuclide)

Common Station Liquid
Effluent Pipe

Determination of identity,
concentration 6 quanity of
radionuclides released

200 gpm Continuous during
discharge

Gross activity
monitored during
discharge

1 x 10

Grab sample prior
to discharge to
identify gamma
emmiting nuclides

As per R.G. 1.21 Rev. 1
June 1974 for grab
samples
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12.1. 3.1- Procedure-Develonment-

Station procedures will be prepared, reviewed, and approved in
accordance with Section 13. 5.

To assure adequate emphasis on the necessity to minimize
personnel -exposures, ALARA procedures vill be prepared as a
subcategory of Health Physics procedures. These procedures
implement considerations of such topics as ALARA Training, ALARA
review of applicable Radiation Mork Permits {RMP), worker
feedback, special task training and evaluation of proposed
changes in applicable facilities or equipment. ALARA procedures
will provide the necessary basis for instruction of station
personnel in the mechanisms -.available to minimize personnel
exposures.

1 2. 1. 3. 1. 2 ~ ~ Statiog procedures

Administrative requirements will be implemented to assure that
applicable procedures developed by other plant disciplines have
adequately incorporated the principle of minimizing personnel
exposure. Station administrative documents vill describe the
criteria for selection of those procedures and revisions thatvill be reviewed by Health Physics. Recommendations made by
Health Physics will normally be resolved vith the appropriate
plant discipline prior to submission for final reviev and
approval.

12.1. 3.2 Stytjon Orqanj,gation

As described in Subsection 12. 5.1, the Station organization
provides the Health Physics Supervisor direct access to the
Superintendent of Plant to assure uniform support of Health
Physics and ALARA requirements. This organization will allow the
Superintendent of Plant direct involvement in the review and
approval of specific ALARA goals and objectives as well as review
of data and dissemination of information related to the ALARA
proqram.

The organization also provides a Health Physics Engineer who is
nbrmally free from routine Health Physics activities to implement
the Station ALARA program. This individual is primarily
responsible for coordination of Station ALARA activities and vill
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routinely interface with first line supervision in radiation work
planning and post gob review.

P i K" XP R12 1 3 3 0 erat n E erie ce-

The Radiation Work Permit process described in Subsection
12.5.3.2 vill provide a mechanism .for collection and evaluation
of data relating to personnel exposure. Information collated by
systems and/or components and gob function will assist in
evaluating design or procedure changes intended to minimize
future radiation exposures.

Specific exposure reduction techniques that will be employed at
Susquehanna SES are described in Subsection 12. 5. 3.2. Proceduresvill assure that applicable station activities are completed with
adequate preparation and planning; work is performed with
appropriate Health Physics recommendations and support; and
results of post gob data evaluation are applied to implement
improvements.

In addition, the Health Physics staff, vill at all times be
vigilant for ways to reduce exposures by soliciting employee
sugqestions, evaluating origins of plant exposures, investigating
unusual exposures, and assuring that adequate supplies and
instrumentation are available.

PPCL manaqement will perform periodic revievs of station programs
to assure workers are receiving adeguate instruction in ALARA and
Health Physics requirements. Implementation of the Health
Physics program, selected procedures, and past exposure recordsvill also be reviewed. Management vill perform formal reviews of
the Susquehanna SES Health Physics program at least once every
three years and results will be forwarded to the Superintendent
of Plant, ALARA Review Committee and appropriate members of
corporate management. The results of management reviews may also
include recommendations on mechanisms vhich may reduce personnel
exposure. The Superintendent of Plant vill respond to noted
recommendations or deficiencies and corrective action or
improvements vill be verified during subsequent reviews.

12 1 4 BQFBEEQ~C S

12.1-1 T.D. Murphy, MASH-1311, UC-78, g-Compilation of
Occunational Radiation Bxnosure from Liaht Water Cooled-
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1~23 RADIATION PROTECTION DESIGN 'FEATURES

12 3 4 FACILITY DESIGN FEATURES

Specific design features for maintaining personnel exposures
ALABA are discussed in this subsection.

12.3. 1 1 Common ~Eui2ment and Co~monent Des~ins for ALABA

This subsection describes the design features used for several
general classes of equipment or components. These classes of
equipment are common to many of the plant systems; thus, the
features employed for each system to maintain minimum exposures
are similar and are discussed by equipment class in the following
paragraphs.

Filters: Ihenever practicable, filters that accumulate
radioactive material are supplied with the means either to
backflush the filter remotely or to perform cartridge replacement
with semiremote tools (ie, long handled tools) . For cartridgefilters, adequate space is provided to allow removing, cask
loading, and transporting the cartridge to the solid radwaste
area.

Demineralizers: Demineralizers for radioactive systems are
designed so that spent resins can be remotely and hydraulically
transferred to spent resin tanks prior to solidification and that
fresh resin can be loaded into the demineralizer remotely.
Underdrains and downstream strainers are designed for full system
pressure drop. The demineralizers and piping are designed with
provisions for being flushed. Strainers are installed in the
vent lines to prevent entry of spent resin into the exhaust duct.
Evaporators: Evaporators are provided vith chemical additioo
connections to allow the use of chemicals for descaling
operations. Space is provided to allow uncomplicated removal of
heating tube bundles To the extent practicable, the more
radioactive components are separated from those that are less
radioactive by a shield wall.
Pumps: Wherever practicable, pumps, in radioactive areas are
purchased with mechanical seals to reduce seal servicing time.

,Pumps and associated piping are arranged to provide adequate
space for access to the pumps for servicing. Small pumps areinstalled in a manner that allows easy removal if necessary. All
pumps in radioactive waste systems are provided with flanged
connections for ease in removal. Generally, pump casings are
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provided with drain connections for draining the pump for
maintenance.
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Wherever practicable, valves for clearr, rrorrradicdctivo systems
are separated from ralioactivo sorrrccs arr 1 are located in readily
accessible areas.

Manually operated valves in the .filter and demineralizer valve
compartments required for'ormal operation anr1 shutdcwn are
eq»ipped with reach rods extending through or over t.he valve
gallery wall. Personnel are not required to enter the valve
gallery during flushing operations. Thc valve gallery shield
walls are designed for maximum expected filter hackflush'ctivities during flushing operations.

For most larqer valves (2-1/2 in. and larger) in lines carryinq
radioactive tluids, a double set of packing wi+.h lantern ring is
provided. A stuff ing box is also provided with a leak-of f
connection that may be piped to a drain header. Full ported
valves are used in systems expected to contain radioactive
solids.
Special valve designs with minimum i»to.mal crevices are normally i

u ed where CRUD trapping could become .w problem, especially for
piping carrying spent resin or evaporator bott oms.

Pliny: The piping in pi p» eh~sos is .]csiqned for th'ifetime
of the unit. The number of va ives or irrstrumentation in the pipe
chases has,. been red»cr .1 to maximum cxterrt. pract.icable. Where
radioac+.ive pipinq is routed thro»gh areas that require routirrr.
maintenance, pipe chases are normally provided to reduce the
radiation contrib»tion from these pipes. Wherev; r practicable
piping containing radioactive material is routed to minimize
radiation exposure to the»nit perso rnel.

Floor Drains: Floor drains and Droperly sloped floors are
provided for each room or c»bicle, within which aro servicearrlc
components containinq radioactive liquids. 1f a radioactive
drain line must pass through a zone lower t!ran that at wh ich it
will terminate, proper shielding is provilc~. Local .las traps or
porous sea1s are not used on radwaste floor Brain.'. Gas tra»s
are provided at the common ump or tank.

L~ih ting: Multiple electric lights ar ~ provid 3 Kor each cell or
room containing highly radioactive component so that +he burrro»t
of a single lamp will not require entry and immediate replacemorr~.
of the defective lamp. Normally, irrcarrde cent. lights
require less time for er vicing are provi led to minimize,
personnel exposure. The fluore cent lights us(d zn some ~rcas rlo
not require frequent service because ot; th» increase 4 life of the
tubes.

HVAC: The HVAC system desiqn provides for rapi'i,re'rlacement of
the filter elements arrd hoirsings.
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Sample Sta tions: Sample stations for routine sampling of process
fluids are located in accessible areas. Shielding is provided at
the sample stations as required to maintain radiation zoning in
proximate areas and minimize, personnel exposure during sampling.
Ventilation, drains or 'ther means of coatami'nation control are
provided where necessary. The counting room and laboratory
facilities are described in Section 12.5.

Clean Services: whenever practicable, active components of clean
services and equipment such as compressed air piping, clean water
piping, ventilation ducts, and cable trays are not routed through
radioactive pipeways.

12.3. 1.2 Common Facility and Layout Designs for ALARA

This subsection describes the design features used for standard
type plant processes and layout situations. These features are
used in conjunction with the general equipment designs described
in Subsection 12.3. 1. 1 and include the features discussed .in the
following paragraphs.

Valve Galleries: Valve galleries are provided vith shielded
entrances for personnel protection. In many cases the valve
galleries are divided by shielding or distance into
subcompartments that service only two or three components and are
further subdivided by fin walls o that personnel are only
exposed to the valves and piping associated with one component at
any given location. Threshold berms and floor drains are
provided to control radioactive leakage. To facilitate
decontamination in valve galleries, concrete surfaces are covered
with a smooth surfaced coating which vill allow easy
decontamination.

~Pi ing: Pipes carrying 'radioactive materials are routed through
controlled access areas zoned for that level of activity.'ach
piping run is analyzed to determine the potential radioactivity
level and surface dose rate. Where radioactive piping must be
routed through corridors or other lov radiation zone areas,
hielded pipeways are normally provided. whenever practicable,

valves'and instruments are'not placed in radioactive pipeways
When~ever practicable, equipment. compartments contain only piping
associated vith equipment in that compartment.

Nhere practicable piping is designed to minimize lov points and
dead legs. Drains are provided on piping where lov points and
dead legs 'cannot be eliminated. Where possible, thermal
expansion loops are raised rather than dropped. In radioactive
systems, the use of

12. 3-4
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nonremovable backing rings in the piping )oints i~s minimized to
eliminate a potential crud trap for radioactive materia.ls.
Piping carrying resin slurries or evaporator bottoms is run
vertically as much as possible.

whenever possible, branch lines having little or no flow during
normal operation are connected above the horizontal midplane of
t he main pipe.

Pield Run Piping: All routing of radioactive process piping,
large and small, is reviewed by the design engineering office.
Penetrations: To minimize radiation streaming through
penetrations, as many penetrations as practicable are located
with an offset between the source and the accessible areas. If
offsets are not practicable, penetrations are located as far as
possible above the floor elevation to reduce the exposure to
personnel. If these two methods are not used, then baffle shield
walls or grouting the area around the penetration are provided.

Contamination Control: Access control and traffic patterns are
considered in the basic plant layout to minimize the spread of
contamination. Equipment vents and drains from certain
radioactive systems are piped directly to the collection system
instead of allowing any contaminated fluid to flow across to the
floor drain. All-welded piping systems are used on contaminated
systems to the maximum extent practicable to reduce system
leakage and crud buildup at joints. The valves in some
radioactive systems are provided with leak-off connections piped
directly to the collection system.

Decontamination of potentially contaminated areas within the
plant is facilitated by the application of suitable smooth
surfaced coatings to the concrete floors and walls.

Ploor drains with properly sloping floors are provided in
potentially contaminated areas of the plant. In addition,
radioactive and potentially radioactive drains are separated from
nonradioactive drains.

Systems that become highly radioactive, such as the radwaste
slurry transport system, are provided with flush and drain
connections Certain systems have provisions for chemical and
mechanical cleaning pr ior to maintenance.

~equipment Layout: In systems where process equipment is a ma jor
radiation source (such as fuel pool cleanup, radwaste, condensate
demineralizer, etc), pumps, valves, and instruments are normally
separated from the process component. This allows servicing and
maintenance of items in reduced radiation zones. Control panels
are located in lowest practicable radiation zones.
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Major components {such as tanks, demineralizers 'and filters) in
radioactive systems are isolated in individual shielded
compartments insofar as practicable.
Provision is made on some major plant components for removal of
these components to lower radiation zones for maintenance.

Labyrinth entrance way shields or shielding doors are provided
for compartments from which radiation could stream to access
areas and exceed the radiation zone dose limits for those areas.
For,'potentially high radiation components {such as filters and
demineralizers), completely enclosed shielded compartments with
hatch openings are used.

Eguipment in nonradioactive systems that requires lubrication is
located outside radiation areas. Wherever practicable,
lubrication of eguipment in radiation areas is achieved with the
use of tube type extensions to reduce exposure during
maintenance.

Figures 12.3-1 to 12.3-7 provide layout arrangements for
I demineralizers, filters, spent resin storage tanks, hydrogen

recombiners, sample racks, and their associated valve
compartments or galleries.
Exposure from routine in-plant inspection is controlled by
locating, whenever possible, inspection points in shielded low
backqround radiation areas. Radioactive and nonradioactive
systems are separated as far as practicable to limit radiation
exposure from routine inspection of nonradioactive systems For
radioactive systems, emphasis is placed on space and ease of
motion in a shielded inspection area. Mhere longer times for
routine inspection are required and permanent shielding is not
feasible, sufficient space for portable shielding is normally
provided. In high radiation areas where routine surveillance is
required, remote viewing devices are provided when practicable.

Facilities for Handling Sealed and Unsealed Radioactive material:
As discussed in Subsection 12.2. 1.9, special material used in the
radiochemistry laboratory require the design of special handling
equipment. For unsealed materials, the following is provided:

a) Exhaust hoods that exhaust to the ventilation system are
located in areas such as sample stations and the
radiochemistry laboratory.

b) Decontamination facilities, radiochemistry laboratory,
controlled zone shop, instrument repair shops and
washdown area are situated at various locations in the
plant and are described in Subsection 12.5. 2.
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c) An area for the repair and maintenance of removed
control rod drives is provided in the reactor building
in close proximity to the control rod drive removal
ha tch.

12. 3. 1 3 Rad iat ion Zoning and Access Control

Access to areas inside the plant structures and plant yards is
regulated and controlled. Each radiation zone defines the
radiation level range to which the aggregate of all contributing
sources must be attenuated by shielding.

All plant areas are categorized into radiation zones acco ding to
expected radiation levels and anticipated personnel occupancy,
with consideration given toward maintaining personnel external
exposures ALAHA and within the standards of 10CFR20. Each room,
corridor, and pipeway of every plant building is evaluated for
potential radiation sources during normal operation and shutdown;for maintenance occupancy requirements, and for general access
requirements to determine appropriate zoning. Radiation zone
categories used and their descriptions are given in Table 12.3-1
and the specifir. zoning for each plant area is shown on Figures
12.3-8 through 12.3-27. All frequently accessed areas, ie,
corridors, are shielded for Zone I and Zone II access.

The control of ingress or egress of plant operating personnel to
controlled acces. areas and procedures employed to ensure that
radiation .levels and allowable working time are within the limits
prescribed by 10CFR20 as described in Section 12. 5.

12.3 1.4 Control of Activated Corrosion Products

In order to minimize the radiation exposure associated with the
deposition of activated corrosion products in reactor coolant and
auxiliary systems, the following steps have been taken:

(1)-The reactor coolant system consists mainly of austenitic
stainless steel, carbon steel and low alloy steel components.
Nickel content of these materials is low, and it. is
controlled in accordance with applicable AS."iE material
specifications.
A small amount of nickel base material (Inconel 600) is
employed in the reactor vessel internal components. Xnconel
600 is required where components are attached to the reactor
vessel shell and the coefficient of expansion must match the
thermal expansion characteristics of the low alloy vessel
steel. Inconel 600 was selected because it provides the

12%37
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proper thermal expansion characteristics, adequate corrosion
resistance and can be readily fabricated and welded.

(2) Materials employed in the reactor coolant system are
purchased to ASME material specification requirements. No
special controls on levels of cobalt impurities are
specified.

{3) Hardfacing and wear materials having a high percentage of
cobalt are restricted to applications where no satisfactory
alternate materials are available. Studies currently are
being made to determine whether any alternate low cobalt
alloys are satisfactory for long term use in nuclear reactor
applications. To date, no satisfactory replacement materials
have been found.

(4) A high temperature filtration system was not employed in the
Reactor Mater Clean-up System. The reasons for this
included:

a. Lack of quantitative data on the removal efficiency for
insoluble cobalt by the high temperature filter;

b. Uncertainty in the deposition model including the
relative effectiveness of cobalt removal on deposition
rate;
Doubtful cost-effectiveness in an area where other
methods under study {such as decontamination) may prove
better at reducing dose rates while also being more
cost-effective.

(5) Items 1, 2, and 3 above also apply to valve materials in
contact with reactor coolant. Valve packing materials are
selected primarily for their properties in the particular
en v iron me nt.

{6) Subsections 12. 1. 2.2, 12.3.1. 1, and 12 3.1 2 describe the
various flushing, draining, testing, and chemical addition
connections which have been incorporated into the design of
piping and equipment which handle radioactive materials. If
decontamination is to be performed, these connections would
be used for that purpose.

(7) The plant is designed with a 1% mixed resin, pressure precoat
clean-up system for the primary coolant in the reactor and afull flow deep bed condensate demineralizer system for the
feedwater. See,Figures 10.4-2, 10 4-3, 5.4-16 and 5;4-18.
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Mater is, used as the primary shield material for areas above the
spent fuel. transfer and storage areas.

Special features employed to maintain radiation exposures AI.ARA
in routinely occupied areas such as valve operating stations and
sample stations are described in Subsections 12.3.1.1 and
12 3.1.2.

12. 3 2. 2. 1 Reactor Building Snie~ldin Design

During reactor operation, the steel-lined, reinforced concrete
drywell vali and the reactor building walls protect personnel
occupying adjacent plant structures and yard areas from radiation
originating in the reactor vessel and associated equipment vithin
the reactor building. The reactor vessel sh ield wall, dry wellwall, and various equipment compartment valls together vith the
reactor building walls minimize the radiation levels outside the
reactor building.
Where personnel and equipment hatches or penetrations pass
through the dryvell wall, additional shielding is designed to
attenuate the radiation to below the required level defined by
the radiation zone outside the drywell wall during normal
operation and shutdown and to acceptable emergency levels as
defined by 10CFR50 during design basis accidents.

12. 3 2. 2. 2 Reactor Buildin~Interior Shield in@ Desiqn

Inside D~rvell Structure: Areas within the drywell are designed
as Zone V areas and are normally inaccessible during plant
operation. The reactor vessel shield provides shielding for
access in the drywell during shutdown, and reduces the activation
of and radiation damage to drywell equipment and materials.
outside Dryvell Structure: The dryvell wall is designed to reduce
radiation levels in normally occupied areas of the reactor
building from sources within the dryvell to less than the maximum
level for Zone II.
Penetrations and hatch openings in the dryvell wall are shielded,
as necessary, to meet adjacent area radiation zoning levels.
Shielding requirements for the personnel, equipment, and CRD
removal hatch openings are shown on Figure 12.3-19 in the areas
numbered 012, 013, and 002, respectively. Dryvell piping and
electrical penetrations are shielded by providing either local
shields within the penetration assembly or a shielded penetration
room. Shielded piping penetration room locations and bulk
shielding requirements are shown on Figures 12 3-18 through 12.3-

12 3-9
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20. These rooms, numbered 202, 204, 205; 403, 411; 501, 504,
506, 515; are designated radiation Zone V during reactor power
operation and are provided with personnel access controls.
Electrical penetrations which are not located within these rooms
are provided vith supplementary local shielding as needed to meet
outside zoning levels Six inches of lead, in addition to the
self-shielding by the electrical cables, is furnished in each
electrical penetration assembly to attenuate drywell radiation
sources.

The components of the reactor water cleanup (RVCU) system
described in Section 5.5 are located in shielded compartments
which are designed as Zone V, restricted access areas. Shieldingis provided for each piece of equipment in the RMCU system
consistent vith its postulated maximum activity Subsection 12. 2. 1

and vith the access and zoning requirements of the adjacent
.areas. This equipment includes:

a) Regenerative heat exchanger

b) Nonregenerative heat exchanger

c) RMCU pumps and piping

d) RRCU filter demineralizers and holdup pumps

e) RRCU backvash receiving tank, pumps, and piping.
The traversing in-core probe (TIP) system is located inside a
shielded compartment to protect personnel from the neutron
activated portion of the TIP cable.

Hain steamlines are located vithin shielded structures from the
drywell wall to the reactor building wall

Spent fuel is a primary source of radiation during refueling.
Because of the extremely high activity of the fission products
contained in the spent fuel assemblies and the proximity of ZoneII areas, shielding is provided for areas surrounding the fuel
transfer canal and pool to ensure that radiation levels remain
belov zone levels specified for adjacent areas.

After reactor shutdovn, the Residual Heat Removal (RHR) System
pumps and heat exchangers are in operation to remove heat from
the reactor water. It is anticipated that the radiation levels
in the vicinity of this equipment vill temporarily reach Zone V
levels due to corrosion and fission products in the reactor
water. Shielding is designed to attentuate radiation from RHR
equipment during shutdovn cooling operations to levels consistent
with the radiation zoning requirements of adjacent areas.
Adequate shielding vill also be provided to maintain radiation

Rev. 10, 6/79

12 3- 10



SSES-FS AR

Mater is also used as, shielding material ahove the steam dryer
and separator storage area. Concrete walls and water in the pool
are designed to provide Tone ZI dose rates in adjacent accessible I 1

areas during storage 'of the dryer and separator.'I
The Fuel Pool Cooling and Cleanup {FPCC) System (See Section 9. 1)
shielding is based on the maximum activity discussed in
Subsection 12. 2. 1 and the access and zoning requirements of
adjacent areas. Equipmont in the FPCC system to be shielded
includes the FPCC heat exchangers, pumps and piping, filter I15
demineralizers, and backwash receiving tank.

12. 3.2. 2 3 Rad waste Building Shielding Design

Shielding is provided a necessary around the fcllowing equipment
in the radwaste building to ensure that the radiation zone and
access requirements are met for surrounding areas.

a) Laundry drain tank and pumps

b) Chemical waste tank and pumps

c) Radwaste evaporators

d) Radwaste evaporator tanks and pumps

e) 'iquid, radwaste collection tanks and pumps

f) 'Liquid radwaste surge tanks

g) Liquid radwaste sample tank.". and pumps

h) Reactor water cleanup phase separator and pumps
I

i} Haste sludge phase separator and pumps

j) Spent resin tank

k) Haste filling and capping station

l) Maste drum transfer and storage areas

m) Liquid radwaste demineralizer and piping

n) Haste mixing tanks

o) Liquid radwaste filters
p), Gaseous radwaste equipment.
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12.3 2 2.4 Turbine Buildi~n Shielding Design

Radiation shielding is provided around the followinq equipment in
the turbine building to ensure that zone access requirements
(Pigures 12.3-10 through 12. 3- 15) are met for the followiag
surrounding areas:

a) Condensate filter de'mineralizers and piping

b)

c)

,d)

Regeneration waste surge tanks and pumps

Chemical waste neutralizing tanks and pumps

Reactor feed pump turbines and piping

e) . Condensate pumps and piping

f) Main condensers and hotwell

g) Mechanical vacuum pump

h) Recomhiners and. piping

i) Steam packing exhauster

Condensate demineralizer resin regeneraticn tanks

k) Air egectors and gland steam condensers

1) Feedwater heaters, heater drains, and piping

m) Main steam piping

n) Steam seal evaporator and drain tank
'I

o) Moisture separator and drain tanks

p) High pressure and low pressure turbines

q) Offgas piping.
Areas within most of these phield walls have high radiation
levels and limited access.
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12.3.2 2 5 Cont ol Roon Rh eld~in Des~in

Figures 12 3-9 and 12.3-28 represent layout and isometric
drawings of the control room, showing its relationship to the
reactor building.
The design basis loss-of-coolant accident (LOCA) dictates the
shielding requirements for the control room Shie.lding is
provided to permit access and occupancy of the control room under
LOCA conditions with radiation doses limited tc 5 rem whole body
from all contributing modes of exposure for the duration of the
accident, in accordance with 10CFR50 Appendix A, General Design
Criterion 19.

The design basis LOCA is described in Subsection 15.1 13 and is
based on Regulatory Guide 1.3. The direct radiation from
airborne fission products inside the reactor building would
contribute less than 105 mrem to'personnel inside the control
room for the 30-day period following the LOCA, based on
radioactivity sources described in Subsection 12. 2 1.6.

The parameters used in the demonstration of the control room
.habitability are listed below and in Regulatory Guide 1.3 'The
ventilation system parameters are listed in Subsection 12.3.3) .

V

For all isotopes that escape from the drywell to the reactor
building, no credit is taken for shielding by the internal
structures in the reactor building. Shielding credit is taken
for the reactor and control building walls. For all isotopes
that remain within the drywell, shielding credit is taken for the
drywell wall.

12.3.2 2 6 Diesel Generator Building Shielding Design

There are no radiation sources in the diesel generator building;
therefore, no shielding is reguired for the building.

12 3 2 2 7 Miscellaneous Plant Areas and Plant Yard Areas

Sufficient shielding is provided for all plant buildings
containing radiation sources so that radiation levels at
accessible areas outside buildings are minimized. Plant yard
areas which are frequently occupied by plant personnel are
accessible during normal operation'nd shutdown These areas are
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surrounded by a security fence and closed off from areas
accessible to the general public

12 3 2 2=8 Couatin Room Shielding

Because the counting room contains sensitive instruments to
radioactivity measurements, it is imperative that the background

I radiation levels are minimized. To accomplish this, no flyash
was used in the concrete mix for the walls and slabs surrounding
the counting room. Plyash normally contains a relatively large
amount of slow decaying radioactive isotopes. In addition, the
shield walls and slabs were sized to maintain a .background
radiation level of less than 130 mrem/year for anticipated
operational occurrences and 45 mrem/year for normal operation.

12 3 2.3 Shield~in Calculational Methods

The shielding thicknesses provided to ensure compliance with
plant radiation zoning and to minimize plant personnel exposure
are based on maximum equipment activities under the plant
operating conditions described in Subsection 12.2. 1 The
thickness of each shield wall surrounding radioactive eguipment
1s determined by approximating as closely as possible the actual

heometry and physical condition of the source or sources. T egeo
isotopic concentrations are converted to energy group sourc es
using data from standard Refs 12 3-1 through 12.3-5.

The geometric model assumed for shielding evaluation of tanks,
heat exchangers, filters, demineralizers, and evaporators is afinite cylindrical volume source. For shielding evaluation of
piping, the geometric model is a finite shielded cylinder. Xn
cases where radioactive materials are deposited on surfaces such
as pipe, the latter is treated as an annular cylindrical surface
source. Typical computer codes that are used for shielding
analysis are listed in Table 12.3-2. Shielding attenuation data
used in those codes include gamma class attenuation coefficients
{Ref. 12. 3-6), gamma buildup factors (Ref 12. 3-7), neutron-gamma
multigroup cross sections (Ref 12 3-20), and albedos (Ref 12. 3-
12)

Th h elding thicknesses are selected to reduce the aggregate
computed radiation level from all contributing sources be o tl w he
upper limit of the radiation zone specified for each plant area.
Shielding requirements are evaluated at the point of maximum
radiation dose through any wall. Therefore, the actual

t'cipated radiation levels in the greater region of each plant
area is less than this maximum dose and therefore less than the
radiation zone upper limit.
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Where shielded entryways to compartments containing high
radiation sources are necessary, labyrinths or mazes are designed
using a general purpose gamma-ray scattering code G-33
(Ref 12.3-11). The mazes are constructed so that the scattered
dose rate plus the transmitted dose rate through the shield wall
from all con'tributing sources is below the upper limit of the
radiation zon'e specified for each plant area.

12. 3 3 VENTILATION

The plant heating, ventilating, and air conditioning {HVAC)
systems are designed to provide a suitable environment for
personnel and equipment during normal operation and anticipated
operational occurrences. Parts of the plant HV AC systems per form
saf ety related functions.

12. 3. 3 1 Desi~ng~bectives

The systems are designed to operate such that the in-plant
airborne activity levels for normal operation (including
anticipated operational occurrences) in the general personnel
access areas are within the limits of lOCPR20 The systems
operate to reduce the spread of airborne radioactivity during
normal and anticipated abnormal operating conditions.

During post accident conditions the ventilation system for the
plant control room provides a suitable environment for personnel
and equipment and ensures continuous occupancy in this area. The
plant ventilation systems are designed to comply with the
airborne radioactivity release limits for offsite areas during
normal operation.

12. 3. 3 2 Design Cri teria

Design criteria for the plant HVAC systems include the following:
a) During normal operation and anticipated operational

occurrences, the average and maximum airborne
radioactivity levels to which plant personnel are
exposed in restricted areas of the plant is ALARA and
within the limits specified in 10CPR20. The average and
maximum airborne radioactivity levels in unrestricted
areas of the plant during normal operation and
anticipated operational occurrences will be ALARA and
within the limits of Appendix B, Table II of 10CFR20.

REV. l 8/78 12. 3-15
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b) During normal operation and anticipa ted ope rational
occurrences, the dose from concentrations of airborne
radioactive material in unrestricted areas beyond the
site boundary will be ALARA and within the limits
specified in 10CPB20 and 10CPR50

c) The plant siting dose guidelines of 10CFR100 'will be
satisfied following those hypothetical accidents,
described in Chapter 15, which involve a release of
radioactivity from the plant.

d) The dose to control room personnel shall not exceed the
limits specified in General Design Criterion 19 of
Appendix A to 10CPR50 following those hypothetical
accidents, described in Chapter 15, which involve a
release of radioactivity from .the plant.

~12 3~3 3 Design Guidelines

In order to accomplish the design ob jectives„ the .following
guidelines are followed wherever prac'ticab'le.

12. 3. 3 3 1 Guidelines to Ninimize Airborne Radioactivity

a) Access control .and traffic patterns are considered in
the basic plant layout to minimize the spread of
contamination.

b) Equipment vents-and drains are piped directly to a
collection device connected to the collection system
instead of allowing any contaminated fluid to flow
across the floor-to the floor drain.

c) ~ All-'welded piping systems are used on contaminated
systems to the maximum extent practicable to reduce
system leakage. If welded piping systems are not used,
drip trays are provided at the points of potential
leakage. Drains from drip trays are piped directly to
the collection'system

e)

The valves in some systems are provided with leak-off
connections piped directly to the collection system.

Suitable coatings are applied to the concrete floors of
potentially contaminated areas to facilitate
decon tarn inat ion.

REV. 1 8/78 12 3-16
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fluids. A stu ffing kox is also provided with a leak-of f
connection that may be piped to a drain header. Bhere
practicable, metal diaphragm or bellows seat valves are
used on those systems where essentially no leakage can
be tolerated.

g) Contaminated equipment has design features that minimize
the potential for airborne contamination during
maintenance operations. These features may include
flush connections on pump casings for draining and
flushing the pump prior to maintenance or flush
connections on piping systems that could become highly
radioactive.

h) Exhaust hoods are used in, plant areas to facilitate
processing of radioactive samples by drawing
contaminants away from the personnel breathing areas andinto the ventilation and filtering systems.

i) Equipment decontamination facilities are ventilated to
ensure control of released contamination and minimize
personnel exposure and the spread of contamination.

12. 3 3 3. 2 Guidelines to Control Airborne Radioactivitg

a) The airflow is directed from areas with lesser potentialfor contamination to areas with greater potential for
contamination under normal conditions.

b) In building compartments with a potential for
contamination, a greater volumetric flow is exhausted
from the .area than is supplied to the area to minimize
the amount of uncontrolled exfiltration from the area.

c) Floor and equipment drain collector tank vents are pipedto a collection header and processed by the tank ventfilter system.

d) Exhaust air is routed through prefilter and HEPA filters
or a combination of prefilter, HEPA and charcoal filters
where necessary before release to the atmosphere to
reduce onsite and offsite airborne concentrations.

RE V . 1 8/78 2~317
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Air is supplied to each principal building via separate
supply intakes and duct systems.

Redundant, Seismic Category I systems and components are
provided for portions of the ventilation system required
for safe shutdown of the reactor and to mitigate the
consequences of design basis accidents. Included herein
as the plant control room ventilation system, the
reactor building recirculation system, the standby gas
treatment system, and coolers are selected engineered
safety feature equipment rooms.

q) ~ Air being discharged from potentially contaminated areas'of the Turbine Building and the Reactor Building is
passed through prefilters, HEPA filters and charcoal
adsorbing filters. Air being discharged from the
Radwaste Building is passed through prefilters and HZPAfilters. lieans are provided to isolate these areas upon
indication of contamination to prevent the discharge of
contaminants to the environment.

h) Suitable containment isolation valves are installed in
accordance with General Design Criteria 54 and 56,
including valve controls, to ensure that the containment
integrity is maintained. See additional discussion in
Subsections 3.1;2.5.5, 3.1.2.5 7 and 6 2.4

12 3 3 3 3 Guidelines to Minimize Personnel Exposure from
HVAC ~qug~ment

a) Ventilation fans and .filters are provided with adequate
access space to permit servicing with minimum personnel
radiation exposure. The HVAC system is designed to
allow rapid replacement of components.

b) Ventilation ducts are designed to minimize the buildup
of radioactive contamination within the ducts to the
maximum extent practicable. fielded seams are used to.
join ductwork segments and internal obstructions are
avoided where ver practicable.

c) Access and service of ventilation systems in potentially
radioactive areas are provided by component location to
minimize operator exposure during maintenance,
inspection, and testing as follows:
1) The outside air supply units and building exhaust

system components are enclosed in ventilation
equipment rooms. These equipment rooms are located

REV. 1 8/78 12 3-18
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unit for,anticipated naintenance, testing, and
inspection Pilter-adsorber units generally comply
with.the access and service requirements of
Regulatory Guide 4.$ 2.. )Refer to response to
Regulatory Guide 1. 52 in Section 3 33).

Local cooling equipment, servicing the building
requirements, vill normally be located in areas of
lov contamination potential radiation Zones I or
ZI

d) Qhile the majority of the activity in the filter train
is removed by simply removing the contaminated filters,
further decontamination of the internal structure is
facilitated by the proximity of electrical outlets for
operation of decontamination equipment, and, water supply
for vashdovn of the interior, if necessary. Drains are
provided on the filter housing for removal of
conta minated water

e) Active elements of the atmospheric cleanup systems are
designed to permit easy removal.

f) Access to active elements is direct from working
platforms to simplify element handling. Space is
provided on the platforms for accommodating safe
personnel movement during replacement of components,
including the use of necessary material-handling
facilities and during any in-place testing operations.

q) The clear space for doors is a minimum of 3 ft by 7 ft.
h) The filters are designed. with replaceable 2 ft by 2 ft

units that are clamped in place against compression
seals. The filter housing is designed, tested, and
proven to be airtight with bulkhead type doors that are
closed against compression seals.

i) Filter systems. in which radioactive materials could
accumulate to produce signficant radiation fields
external to the ductwork are appropriately located and
shielded to reduce exposure to personnel and equipment.

g) Filters in all systems are changed based upon the
airflow and the pressure drop across the filter bank.
Charcoal adsorbers are changed based on the residual
adsorption capacity of the bed as measured by the
testing of carbon samples taken from the removable
cannisters located in the carbon bed The testing of
the carbon adsorbers and all other components is
described in Table 9 4-1.

REV. 1 8/78 12. 3- 19
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12~3'j~4-. - Desi n De cri tion-

The ventilation systems serving the following structures are
assumed to be potentially radioactive and are discussed in detail
in Section 9.4.

a) Reactor building

b) Radwaste building

c) Turbine building.

Although the control room is considered to be a nonradioactive
area, radiation protection is provided to ensure habitability
(see Section 6.4).
Ventilation system design parameters for the four systems are
given in Tables 12.3-3 through 12.3-6.

A typical layout of a potentially radioactive filter unit is
given on Pigure 12.3-3..

12 3 4 AREA RADIATION AND AIRBORNE RADIOACTIVITY MONITORING
- --- -- QQBUfjU|TQXON

12.) 4 - - -A ea adiation on or ng

The area radiation monitoring system supplements the personnel
and area radiation survey provisions of the plant health physics
program described in Section 12 5 to ensure compliance with the
personnel radiation protection guidelines of 10CPR20, 10CPR50,
10CPR70, and Regulatory Guides 1.21, 8.2, 8.8 and 8.12 as
discussed below.

The area radiation monitors function to:

a) Alert plant personnel of abnormally high radiation
levels which, if unnoticed, could result in inadvertent
exposures.

b) Inform the control room operator of the occurrence and
approximate location of abnormal radiation level
increase.

c) Comply with the requirements of 10CPR50 Appendix A,
General Design Criterion 63 for monitoring fuel and
waste storage and handling areas.

12 3- 20
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d) Assist in the detection of unauthorized or inadvertent
movement of radioactive ma teria l in the plan t.

e) Supplement other systems including process radiation
monitoring, leak detection, etc., in detecting abnormal
migrations of radioactive material in or from the
process streams.

- The area radiation monit'orinq system has no function related to
the safe shutdown of the plant, or to the quantitative monitoring
of the release of radioactive material to the environment.

12.3 4. 1 1 Criteria for Area Monitor Selection

The followinq design criteria are applicable to the area
radiation monitoring system.

Ene~r g Dependence: The detector-indicator and trip unit should
be responsive to gamma radiation over an energy range of 80 KeV
to 7 Hey. The energy dependence should not exceed +20 percent of
point for an exposure rate of approximately 50 mr/hr from 100 KeV
to 3 NeV and there should be response from 80 KeV to 7 KeV.

Accur~ac : The overall accuracy within the desiqn range of
temperature, humidity, line voltage, and line frequency variation
should be such that the actual reading relative to the true
reading, including susceptibility and energy dependence (100 KeV
to 3 BeV), should be within 9.5 percent of equivalent linear full
scale recorder output for any decade.

B~ercducibili~t: At desinn center the reading shall be
reproducible. within. 110 percent of point with constant geometry.

4

Environmental Conditions

Sensor Location Con trol Boom

Parameter

Temperature,
(degrees C)

Desiqn
Center

25-

/ange

0 to 60

Design
Center Banqe

5 to 50

Relative
Humidity
(Percent)

50 20 to 100 50 20 to 90

12. 3-21
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12.3.4.1 2 Criteria for Location of Area Monitors

Generally, area radiation monitors are provided in areas to which
personnel normally have access and for which there is a potential
for personnel unknowingly to receive high radiation doses (e g.,
in excess of 10CFR20 limits) in a short period of time because of
system failure or improper personnel action. Any plant area that
meets one or more of the following criteria is monitored:

a) Zone I areas which, during normal plant operation,
includinq refuelinq, could exceed the radiation limit of
0.5 mrem/hr upon system failure or personnel error or
which will be continuously occupied following an
accident requiring plant shutdown

b)

c)

Zone IX areas where personnel could otherwise
unknowingly receive high levels of radiation exposure
due to system failure or personnel error

C

Area monitors are in accordance with General Design
Criterion 63 of 10CPR50 Appendix A.

12.3.4 1.3 System Descript ion~Area Radiation bonito'ring)

Ge~ne al.

The area radiation monitorinq system is shown in diaqram form in
Figure 12.3-'29 Each channel consists of a combined
sensor/con verter unit, a local auxiliary unit (readout with
visual and audible alarm), a combined indicator/trip unit, a
shared power supply, and a shared multipoint recorder. The
location of each area radiation detector is indicated on the
shieldinq and zoning drawings, Figures 12.3-8, 12.3-,27, and is
listed in Table 12.3-7.

Cix cuit Description

Sensorgconvertgr: Each senscr/converter contains all silicon
semiconductors in sealed enclosure with a Cooke-Yarborough
courtyard circuit which combines a long integrating. time constant
at low radiation levels with fast overall response at high
radia tion le vels.

1

Auxiliary Unit: Each auxiliary unit gives instant local readout
at the sensor location with a visual alarm. An audible alarm is
connected to the auxiliary unit to alert personnel of excessive
area radiation.
Indicator and Trig Unit: The indicator and trip unit provides
channel control for the area radiation monitoring system. Its

12. 3-22



SSES- FS AR

circuitry provides an upscale trip that indicates high radiation
and a downscale trip that may indicate instrument trouble or loss
of power. The module has an analog readout, a low and high trip
indicatinq light, a trip test device, an alarm reset and an
output for a multipoint recorder.

Ranges and Sensitivi~t: Ranges and sensitivities are selected for
each location based on the anticipated radiation level as
provided by experimental measurments of levels in similar plants
and shieldinq calculations. Refer to Table 12.3-.7 for detail.

t.

Accuracy: The overall .accuracy is such that the actual reading
relative to the true readinq is within x7.5 percent of equivalentfull scale. ~

12.3.4 1.4 Area Radiation Nonitorina Instrumentation

Power Sources: The power source for the area radiation
monitoring system is the 120 V ac instrument bus. The area
radiation monitor instrumentation is powered by a high and low
voltage electrically requlated,power supply capable of handling
up to 10 channels. The system has no emergency power supply.

I

Alarm Set Points: ,Refer to Table 12.3-7.

Recording Devices: One 40-channel multipoint recorder is located
in the system cabinet for Unit 1 and common circuits. One 40-
channel multipoint recorder is provided for Unit 2.

Location of Devices: Refer to details in Table 12.3-7.

Readouts and Alarms: Local readouts, visual and audible alarms
are provided for each monitoring channel. The indicator/trip
units-and the multipoint recorders located in the system cabinet
in the control structure (Upper Relay Room) .

The. following annunciators are located in the main control room
to alert the operator:

a Reactor Building Area Hiqh Radiation (Units 1 and 2)

b Turbine Building Area Hiqh Radiation, (Units, 1 and 2)

c Radwaste Building Area Hiqh Radiation

d Refueling Floor Area High Radiation (Units 1 and 2)

e Spent Fuel Pool Area High Radiation (Units 1 and 2}
il

f Reactor Building Common Area High Radiation

12. 3-23
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h

Administration Building Area High Radiation

Control Structure Are'a Hiqh Radiation

i Area Radiation Monitorinq Downscale- (for any sensor)

1 2 3,4. 1. 5 Sa fe~t Evaluation
I

The area radiation monitoring'ystem is designed" to operate
unattended for extended periods and is designed for highreliability. Failure of one monitor has no effect on any other.
The system is not essential for safe shutdown of the plant, and
serves no active emerqency function during operation. The systemis not safety related and is constructed to Quality Group D
Requirements.

12 3.4 1.6 Calibration~ethod and Testabilit~
Facilities for calibrating these monitor units are provided,
which include a test unit desiqned for use in the adjustment
procedure for the area radiation monitor sensor and converter
unit. These provide several qamma radiation levels between 1 and
250 mrem/hr. The calibration unit source is Co«.

A cavity in the calibration unit receives the sens'or and
converter unit. A window throuqh which radiation from the source
emanates is located on the back wall of the cylindrical lower
half of the cavity. A chart on each calibration unit indicates
the radiation levels available from the unit for the various
control settings."
An internal trip test circuit, adjustable over the full range of
the trip circuit, is provided. The test signal is fed into the
indicator and trip unit input so that a meter reading is provided
in addition to a real trip. All trip circuits are the latching"
type and must be manually reset at the front panel in the control
room.

The radiation monitors will be calibrated at regular time
intervals in accordance with station procedures.

~1 3. 4 2 Airborne Radioactivitiy Monitoring

Refer to Subsections 12.5.2.6.3 and 12.5.3.5.4 for information onair borne radioactivity monitorinq.

12. 3-2'4
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TABLE 12 3-2

LIST OP COHPUTER CODES USED IN SHIELDING DESIGN CALCULATIONS

GRACE 1

/

Nultigroup, multiregion, 'gamma-ray attentuation
code used to compute gamma heating and gamma dose
rates in slab geometry (Ref 12.3-13) .

GRACE 2: Nultigroup, multiregion, gamma-ray attentuation
code used to compute the dose rate or heat
generation rate for a spherical or a cylindrical
source with slab or concentric shields (Ref 12. 3-
14)

ANIS N: Nultigroup, multiregion code solving the Boltzman
transport equation for neutrons or, gamma-rays in
one dimension slab, cylindrical, or "spherical
geometry (Ref 12. 3-8) .

SDC: tiultigroup, multiregion, Kernal integration gamma-
ray, shield design code which calculates dose rates
for 13 geometry options (Ref 12.3-10) .

QAD Multigroup, mult iregion, three-d imens iona l, pointKernal code which calculates fast neutron and
gamma-ray dose and heat generation rates (Ref 12.3-
9) .

NAP: Determines neutron activation and gamma emission
source strengths as a function of neutron exposure
and decay time (Ref 12. 3-15) .

50RSE-CG: Three-dimensional Honte Carlo neutron and gamma ray
general transport code (Ref 12.3-16) .

DOT XII Two-dimensional neutron, gamma ray, discrete
ordinate, transport code (Ref 12. 3-17) .

ORIG IN: Isotope generation and depletion code which solves
equations of radioactive growth and decay for
isotopes of arbitrary coupling (Ref 12. 3- 19) .

G>: A general purpose gamma-ray scattering code
(Ref 12. 3-11) .
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TABLE 12 3-4

TURBINE BUILDING VENTILATION SYSTEM DESIGN FEATURES

Area
Radiological
Safety Features

Exhaust Air
Floe Rate
(cfm)

General Personnel
Access Areas

Two 100% supply
fans, two 100%
exhaust fans.

40,000( »

Equipment Areas Two 100%
exhaust fans.
Exhausts from
all turbine
areas are
continuously
filtered. All
process valves
2 1/2 in. and
larger are
connected to
a valve stem
leak-off
collection
system.

r

40,000c ~ )

Total normal exhaust from turbine buildinq is 40,000 cfm
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TABLE 12. 3-6

CONTROL ROOM VEHTJLATON SYSTEM DESIGN FEATURES

Operation
Mode

Radiological
Safety Features

Air
Flow Rate
(cfm)

Exposure to
Airborne
Concentra tions

Nor ma l Two 100% supply
recirculation fans

26, 000 Background

Accident Two 100% supply
fans. Automatic/
manual switch to
emergency intake and
filtering system on
h ig h ac t ivity signal~
ma n ua 1 rec ircu.la t ion
and filterin on
high chlorine
signal.

Less than allowable
limits set in Code
of Federal
Regulations.
Whole body < 5 rem
Thyroid < 30 rem





TABLE 12 3-7

AREA RADIATION HONITORING SYSTEal UNIT 1 page 1

Channel
No

Nonitor Description Bldg. Approx. Elev. Range
Loc. tmR/h r)

Set Point
(mR/h r)

Chan 1 RX Bldg
Residual heat
removal area

Chan 2 RX Bldg
RCIC pump
turbine room

Chan 3 RX Bldg
HPCI pump
turbine room

Chan 4 RX Bldg
Radvaste sump area

Chan 5 RX Bldg
Contr. rod drive
Hyd Units north

Chan 6 RX Bldg
Contr. rod drive
Hyd. Units south

Chan 7 spare

Chan 8 RX Bldg.
Cleanup recirc.
pump access area

Chan 9 RX Bldg
Penetration room

RH T/22 645 ~ 0. 1-1000

RB T/21 645 ~ 0 01-100

RB S/21 645' 01-100

RB S/28 645 ~ 0 1-1000

RB R/21 719' 1-1000

RB R/29 719'. 1-1000

R/21 749' 01-100

T/25 749 ~ 0 1-1000

200

30

30

200

100

100

200

10

12

13

Chan 10 RX Bldg
Fuel pool pump room

Chan 11 RX Bldg
Refueling
control area

Chan 12 RX Bldg
Recirculation
fan room

Chan 13 RX Bldg
NM Fuel Pool

RB

RB

RB

RB

Q/28 749'. 1-1000

Q/27 779'. 01-100

U/27 799'. 01-100

Q/27 799 ~ 0. 01-100

100
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AREA RADIATIOH HONITORING SISTER UHIT 1 Page 2

Channel
Ho

Honitor Description Bldg. Approx. Elev. Range
Loc (nR/hr)

Set Pokunt
(nR/hr)

15

16

17

Chan 14 RX Bldg
Spent fuel pool

Chan 15 RX Bldg
refueling floor area

Chan 16 RX Bldg
Access to renote
shutdown panel

Chan 17 TB Bldg
condensate punps
area

RB

RB

RB

TB

S/27 818'. 1-1000

H/25 818'. 01-100

P/21 670'. 01-100

J/26 656'. 01-100

50

18 Chan 18 TB Bldg
RPPT area

TB L/21 676' 01-100

19 Chan 19 TB Bldg
Air e5ector roon

TB H/25 676' 1-1000 300

20 Chan 20 TB Bldg
Peedvater heater
area

TB L/20 699' 1-1000 100

21

22

23

25

Chan 21 TB Bldg
Reactor recirc
punp H.G. area

Chan 22 TB Bldg
generator bay area

Chan 23 TB Bldg
Heat and vent.
equipnent roon

Chan 24 TB Bldg
Turbine front end

Chan 25 RX Bldg
Residual heat
renoval area

Chan 26 HX Bldg
TIP drive area

TB H/20 729' 01-100

TB G/26 729'. 01-100

TB L/23 762'- 01- 100

TB G/16 729' 01-100

RB T/22 645 ~ 0 1-1000

RB 0/22 719> 0 1 1000
/

200

200
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TABLE 12. 3-7 (Continued)

AREA RADIATION MONITORING SIST N UNIT 1 page 3

Channel
No

Monitor Description Bldg. Approx. Elev. Range Set Point
Loc (mR/hr) (mR/hr)

27

28

Chan 27 Admin Bldg
Lobby

Chan 28 Admin Bldg
Corr. 2nd floor

ADN P/11
BLDG

ADN P/ll
BLDG

676'. 01-100 5

691' 01-100

29

30

Chan 29 RM Bldg
Corridor pers.
access area

Chan 30 RM Bldg
Opt. sur veilla nce
control area

RM K/3 646 ~ 0 1-1000

G/8 646 ~ 0. 1-1000

100

100

31 Chan 31 RM Bldg
Corridor to
collection tank

32 Chan 32 RM Bldg
Controlled zone
shop

J/12 646'. 1-1000

K/12 676'. 1-1000

100

100

33 Chan 33 RM Bldg
Corr. to storage
equipment area

RM J/9 676' 1-1000 100

34 Chan 34 RM Bldg
Storage and
equipment area

RM G/6 676' 1-1000 100

35 Chan 35 RX Bldg
Shipping cask
storage area

RB S/29 818'. 01-100

36 Chan 36 RX Bldg
Railroad access
area

U/29 670' 01-100

37 Cha n 37 Ctr. Tvr.
Standby gas
treatment room

CTR R/27
TMR

806' 01-100

Chan 38 Ctr. Tvr
Rad. chem.
laboratory

CTR N/27 676' 01-100
TMR
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AREA RADIATION NONITORING SYSPEN UNIT 1 page 4

Channel
No

Noni tor Description Bldg. Approx. Elev. Range
Loc. (mR/h r)

Set Point
(nR/hr)

39

40

Chan 39 Ctr Tvr.
Control room

Chan 40 Admin Bldg
Access to
turb bldg

CTR
TNR

ADN
BLDG

L/29 729'. 01-100

N/12 676 ~ 0 01-100
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AREA RADIATIOH HOHITORIHG SYSTEM UHIT 2

Channel
Ho

Honitor Description Bldg. Approx. Elev. Range
Loc. (nR/hr)

Set Point
(n R/h r)

Chan 1 RX Bldg
Residual heat
removal area

T/31 645' 1-1000 200

Chan 2 RX Bldg
RCIC pump turbine
room

RB T/30 645' 1- 1000 30

Chan 3 RX Bldg
HPCI pump and
turbine roon

Chan 4 RX Bldg
Radvaste sump area

Chan 5 RX Bldg
Contr. rod drive
Hyd. Units north

Chan 6 RX Bldg
Contr. rod drive
south

Chan 7 Spare

RB

S/30 645' 1- 1000

S/36 645> 0 1 1000

R/30 719'- 1-1000

R/37 719' 1-1000

30

200

100

100

10

12

13

Chan 8 RX Bldg
Cleanup recirc
pump access area

Chan 9 RX Bldg
Penetration roon

Chan 10 RX Bldg
Fuel pool pump roon

Chan 11 RX Bldg
Refueling
control area

Chan 12 Spare

Chan 13 RX Bldg
HH Fuel Pool

ORB

RB

R/37 749 ~ 0 01-100

T/33 749' 1-1000

Q/30 749'. 1- 1000

Q/31 779'. 01-100

Q/31 799'. 01-100

200

100
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AREA RADIATION NONITORING SYSTEH UNIT 2 page 6

Channel
No

Nonitor Description Bldg. Approx. Elev.
Loc.

Range
tn R/h r)

Set Point
(mR/hr)

15

16

17

18

19

20

21

22

23

24

25

26

Chan 14 RX Bldg
Spent fuel pool

Chan 15 RX Bldg
Refueling floor area

Chan 16 RX Bldg
Access to remote
shutdown panel

Chan 17 TB Bldg
Condensate pumps area

Chan 18 TB Bldg
RPPT area

Chan 19 TB Bldg
Air e jector room

Chan 20 TB Bldg
Peedwater heater
area

Chan 21 TB Bldg
Reactor recirc.
pump N.G. area

Chan 22 TB Bldg
Generator bay area

Chan 23 TB Bldg
Heat and vent.
eguipnent room

Chan 24 TB Bldg
Turbine front end

Chan 25 RX Bldg
Residual heat
removal area

Ch'n 26 RX Bldg
Tip drive area

RB S/31 818 ~ 0. 1-1000

RB H/33 818' 01-100

RB P/37 670' 01-100

TB J/31 656 ~ 0 01-100

TB L/3 6 676 ' 01-100

TB H/32 682'-10'00
TB L/3 8 6 99' 1-1000

TB H/38 729' 01-100

TB G/32 729' 01-100

TB L/35 762' 01-100

TB G/42 729'- 0 1- 100

RB T/33 645' 1-1000

RB Q/31 719'-10i000

50

300

100

200

200
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AREA RADIATION NONITORING SYSTEN UNIT 2 Page 7

Note: All set points are estimated values. Actual set points may vary depending on operational considerations andvill be determined by measured radiation levels.
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TABLE .3,3.1-1

KEY TECHNICAL SUPPORT PERSONNEL RESUMES

Positions

Senior Vice President - Nuclear
Vice President - Nuclear Operations
Vice President - Engineering and Construction - Nuclear
Manager - Nuclear Plant Engineering
Manager - Nuclear Licensing
Manager - Nuclear Fuels

'.Manager - Nuclear Training
Manager - Nuclear Support
Mana'ger - Nuclear Administration
Manager - Nuclear Safety Assessment
Manager - Nuclear equality Assurance
Construction Manager
Manager - Procurement
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RESUME: ~ JACK R. CALHOUN

.PRESENT PO'SITION: C

- Senior Vice President - Nuclear
.Pennsylvania Power 6 Light Company

'woNo'rth Ninth Street
Allentown, Pa.

EDUCATION:
Tennessee Technological University
BS Electrical Engineering

ADDITIONAL
,MISC. COURSES: l P

Oak: Ridge School of Reactor Technology (ORSORT)

GENERAL: \

Member - American Nuclear Society (ANS)
Past National Chairman, Reactor Operation
'Division ANS

Consultant to Argonne Universities Association
'orreactor operations associated with the.

Experimental Breeder Reactor, Idaho Falls,'daho

Past Advisor to Nuclear'Engineering Department
. Pennsylvania State University

EXPERIENCE:

1980 - Present Pennsylvania Power. 8 Light Company
Senior Vice President - Nuclear

1949 - 1980 Tennessee Valley Authority

1979-1980 Director of Nuclear Power - directed
activities of -operation and maintenance
of all TVA nucle'ar facilities

1977-1979 Assistant'Di'rector of Power Production
- responsible to'Director of Power
Production for activities of
operating and maintenance for all
TVA nuclear facilities

1971-1977 Chief, Nuclear Generation Branch-
responsible for operation and maintenance
of all TVA nuclear facilities

.,'968-1971 Power Plant Superintendent, Browns
Ferry Nuclear Plant (3-1098 l5l GE

Reactors)
1964-1968 Assistant Chief, Power Plant Maintenance
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Branch, Division of Power Production-
responsible for initial operation and
maintenance planning for Browns Ferry
Nuclear Plant

1960-1964 Experimental Gas-Cooled Reactor
Operations Superintendent and Assistant
Project Manager, (6 months training on
Berkeley Nuclear Power Station, Bristol,
England)

1958-1960 Assistant Power Plant Superintendent
Shawnee Steam Plant (10-150 MW units)

1954-1958 Electrical Maintenance Supervisor
Johnsonville Steam Plant (6-135 MW units)

1949-1954 Student Generating Plant Operator-
Operator, Watts Bar Steam Plant
.(4-60 MW units)

1938 - 1945 U-;S. Navy - 4 years enlisted service as an
electrician mate on a Destroyer, 2 years as
the Main 'Propulsion Electrical Officer on an
Aircraft Carrier, and 2 years as the Electrical
Officer on a Cruiser
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RESUME: BRUCE D. KENYON

PRESENT POSITION:

EDUCATION:

~ =

ADDITIONAL
MISC. COURSES:

'ice, President-Nuclear Operations
, Pennsylvania Power .6 Light Company

Two North- Ninth Street
Allentown; Pa ~,

Miami University
BA Mathematics

US Navy Submarine Officer Nuclear Training
Program

Completed all training which resulted in a
senior operator qualification on USS George
.Washington (SSBN 598)(W PWR).

Completed all training which re'suited in a
senior'operator qualification at the Navy DlG
Nuclear Prototype (GE PWR).

Completed all training which resulted in an
". NRC Senior Operators License on Millstone

Unit //1 (GE BWR). Thi.s training included
four months of classroom training and
attendance at the GE BWR Simulator, Morris
Illinois.
Completed 'all training which resulted in 'a

NRC Senior Operators License on Millstone
Unit jj2 (CE PWR). This training included
four, months of classroom training,
certification at the Westinghouse Simulator
and attendance at the CE Simulator.

GENERAL:
Member EEI Nuclear Operations Committee

Past Member EEI Construction Committee

Member AIF Design, Construction, and Operations
Committee

Member INPO Analysis Division - Industry Review
Committee
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Past Member EPRI Engineering and Operations
Committee

EXPERIENCE:

1976 - Present Pennsylvania Power 6 Light Company
\

1980-Present Vice President-Nuclear Operations
1979-1980 Assistant Vice President-Nuclear
1978-1979 ', ,Construction Manager
1976-1978 Manager-Nuclear, Support

1970 - 1976 Northeast Utilities. Served successively as
Startup Engineer, Startup Supervisor,
Operations Supervisor, and Unit
Superintendent on Millstone Unit g2.
Responsibilities included preparation of test
procedures, development and administration of
Startup Test Program Development of plant
operating procedures and management of Unit
activities from early stages of constructon
completion through commercial operation.

.1965 - 1970 U.S. Navy. Completed .nuclear power training
program. Served as Division Officer in
various engineering and operations positions
on the USS George Washington (SSBN 598).
Also served as Ieading Engineering Watch
Officer at the DIG Prototype.
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RESUME: NORMAN . CURTIS

PRESENT POSITION:

EDUCATION:

ADDITIONAL
COURSES:

Vice President-Engineering and Construction-Nuclear
Pennsylvania Power 6 Light Company
Two North Ninth Street
Allentown, PA.

Univeisity of Maine
B.S. Engineering Physics

Executive Program — Columbia University-
Graduate School of Business Administration

GENERAL:
Registered Professional Engineer-Pennsylvania.

Charter Member American Nuclear Society

Member-IEEE

Past Member - EEI
Construction Committee

EXPERIENCE;

1950-Present Pennsylvania Power 6 Light-Company

1980-Present
1974-1980
1973-1974
1972-1973
1970-1972
1965-1970
1954"1965

1950"1954

V.P.-Engineering 8 Construction-Nuclear
V.P.-Engineering 6 Construction
Manager-Engineering 8 Construction
Construction Manager
Manager Power Supply
Superintendent System Operation
Project Engineer, Senior Project Engineer-
Atomic Power Department
Helper, Wireman, Foreman - Construction
Construction Department
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RESUME: EARLE M. MEAD

PRESENT POSITION:
Manager-Nuclear Plant Engineering
Pennsylvania Power 6 Light Company
Two North Ninth Street
Allentown, PA

EDUCATION:
Bucknell University
BS Electrical Engineering

ADDITIONAL
MISC. COURSES:

Muhlenberg College- Principals of Atomic Power-
Courses in Business
Management

Penn State Extension - Engineering Courses

University of Michigan - Management Courses

GENERAL:
Registered Professional Engineer - Commonwealth of

Pennsylvania

Member - Institute of Electrical and Electronics
Engineers

Member - American Society of Mechanical Engineers

Member - American Nuclear Society

EXPERIENCE:

1954 - Present Pennsylvania Power 8 Light Company

1978-Present
1976 - 1978
1974 - 1976
1971 - 1974
1966 - 1971
1963 - 1966

1954 - 1966

Manager-Nuclear Plant Engineering
Project Engineering Manager-Susquehanna
Project Manager - Susquehanna
Nuclear Plant Design Engineer
Senior. Project Engineer - Atomic
Reactor Plant Engineer (Test
Engineer at Peach Bottom Atomic
Power Station
Various Positions including:
Project Engineer, Engineer, and
Assistant Salary Administrator

1952 - 1954 U.S. Army
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RESUME: PHILIP H. HENRIKSON

PRESENT POSITION:
Manager - Nuclear Licensing
Pennsylvania Power & Light Company
Two North Ninth Street
Allentown, PA.

EDUCATION: BS in Chemistry, University of Nevada
MS in Chemical Engineering (minor in

Nuclear Engineering), University
of Idaho

Juris Doctorate, Lincoln University „

ADDITIONALMISC.
COURSES:

U.S. Navy Submarine Officer Nuclear Training
Program

GENERAL:
Registered Professional Engineer - Nuclear

Member American Nuclear Society

Member American Bar Association

EXPERIENCE:

1980 - Present

1973 - 1980

Manager-Nuclear Licensing, Pennsylvania
Power and Light Company

t

General Electric - Served in Safety and Licensing
Operation 'of the Nuclear Energy Division.
Mas Program Manager for GE involvement in

.NRC's Systematic Evaluation Program.
Prepared reload license submittals and
technical specification revisions for eight
nuclear power plants. Supported Taiwan Power
for three years in obtaining two construction
permits and two operating licenses.

1971 - 1973 Bechtel - Initial assignment was in Nuclear
Systems generic group. Later was Assistant
Nuclear Group Supervisor for Rancho Seco
Nuclear Power Station.

1966 - 1970 U.S,. Naval Officer - qualified engineering officer on
nuclear submarine propulsion plant. Served
two years as engineering officer.
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1964 - 1966 Laboratory Assistant, Desert Research Institute,
. Atmospheric Physics Division, performing
ra'dioactive cloud seeding experiments.
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RESUME: JEROME S. STEFANKO

PRESENT POSITION:

EDUCATION:

ADDITIONAL
MISC. COURSES:

GENERAL:

EXPERIENCE:

1976 - Present

1971 - 1976

1963 " 1971

1960 - 1963

Manager.-Nuclear Fuels
Pennsylvania Power 6 Light Company
Two North Ninth Street
Allentown, PA.

University of Dayton
BS Physics

Graduate studies in Physics,
Mathematics,and Nuclear Engineering

.Member Edison Electric Institute (EEI)-
Nuclear Fuel Cycle Committee

Member Atomic Industrial Forum-Policy
Committee on Uranium Mining and Milling

Member American Nuclear Society

'uthor of six papers to National Technical Societies

Holder of two patents for Nuclear Reactor
Startup and Controls Systems (under USAF
sponsorship).

Pennsylvania Power 6 Light Company
Manager - Nuclear Fuels

Westinghouse Electric Corporation-
Applications Engineer-Nuclear Fuels
Marking Division

Astronuclear Iaboratory of
Westinghouse Electric Corporation
Senior Nuclear Design Engineer

Allis-Chalmers'uclear Division
Core Physicist
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MANAGER - NUCLEAR TRAINING

SEE TABLE 13.1-2

REV. 18, ll/80



~ 'SES-FSAR

Table 13.1-1 (Cont.)

'RESENT

POSITION:

,': EDUCATION

ADDITIONAL
MISC. COURSES:

EXPERIENCE:

RESUME: STEVEN H. CANTONE

Manager-Nuclear Support
Pennsylvania Power 8 Light Company
Two North. Ninth 'Street

~ . Allentown, Pennsylvania

Stevens Institute of Technology
,Bachelor of Engineering

A

Alexander Hamilton .Institute
Modern Business Program

1979-Present

1976-1979

1963-1976...

Pennsylvania Power 6 Light Company
Manager-Nuclear Support

1

~
Power'uthority of the State of New York
Superintendent of Power-IP3NPP

Consolidated Edison Co. of New York, Inc.

1974-1976 Chief Operations Engineer-Indian Point
1972-1974 Operations Engineer - Indian Point 3
1963-1972 Various Positions of Successively

Increasing Responsibility
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'I

PRESENT POSITION:

'DUCATION:

RESUME: WILLIAMJ. HESKE

Manager-Nuclear Administration
Pennsylvania Power 6 Light Company
Two North Ninth Street
Allentown,'a.

U.S. NaVal Academy
BS Engineering
Auburn University
MS Polj.tical Science

.ADDITIONAL
MISC COURSES:

EXPERIENCE:t 1979-Present

Basic Personnel Officers Course - USAF
Minuteman Combat Crew Training - USAF
Air Command Staff College - USAF
Systems Analysis 6 Operations Research - U.S. Army
Industrial College of the Armed Forces

Pennsylvania Power 6 Light Company

1980-Present
,1979-1980

Manager-Nuclear Administration
Ass't to V.P. Engineering 6

Construction

1957-1979 United States Air Force

1976-1979

1975-1976

1972"1975

1971-1972
1968-1971

1965-1968

1962"1965

1957-1962

Deputy Commander for Maintenance and
Director Logistics F.E. Warren AFB
Student-Industrial College of the Armed
Forces, U.S. Army
Chief-Future Missile Systems Analysis,
Strategic Air Command
Student-Air Command 6 Staff College
Chief Missile, Space, and Weapons
Director Officer Manning
Chief Missile Manning Branch
Strategic Air Command
Minuteman Crew Commander
Malmstrom AFB
Personnel 6 Administrative Officer
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MANAGER " NUCLEAR SAFETY ASSESSMENT

SEE TABLE 13.1-2
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RESUME: ANDREW R. SABOL

PRESENT POSITION:

EDUCATION:

ADDITIONAL
MISC. COURSES:

GENERAL:

EXPERIENCE:

1974 - Present

1971 - 1974

1967 - 1971

.1960 - 1967

Manager-Nuclear Quality Assurance
Pennsylvania Power 8 Light Company
Two North Ninth Street
Allentown, PA

Purdue University
BS Mechanical Engineering

Undergraduate and graduate courses in
Business Administration-Pennsylvania State
University

Professional Engineer Registration - Quality
Engineering-California

Member American Society for Nondestructive
Testing (ASNT)

Member American Society for Testing and
Materials (ASTM)

Pennsylvania Power 8 Light Company
Manager - Nuclear Quality Assurance

Gilbert Associates, Inc., Quality Assurance
Division Quality Assurance Program Manager for:
Crystal River Unit $/3 Project (Florida Power
Corporation) and Erie County Nuclear Project
(Ohio Edison Company)

The Pennsylvania State University
Manager-Industrial Reference

U.S. Atomic Energy Commission

1963-1967 Reactor Production Engineer,
'ittsburgh Naval Reactors Office

1961-1963 Nuclear Production Engineer, Pittsburgh
Naval Reactors Office

1960-1961 General Engineer, Hartford Area Office
Connecticut Aircraft Nuclear Engine

REV. 18, ll/80 15



SSES-FSAR

.Table 13.1-1 (Cont.)

1956 - 1960

'1954 - 1956

1949 - 1950

Laboratory

Curtis-Wright Corporation
~ Nuclear Science and Engineering Department

Research Engineer

Bethlehem Steel Corporation
,Technical Assistant to Superintendent
„of .Hot Forge

Department of the Air Force
FEAMCOM, Japan, Supervising-Engineering
Drafting

'EV.
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Table 13.1-1 (Cont.)

RESUME: BYRON G. DIXON

PRESENT POSITION:
Construction Manager
Pennsylvania Power 6 Light Company
Two North Ninth Street
Allentown, PA

1

.Bucknell University
, '",B.S. Mechanical Engineering

EDUCATION:

'ENERAL:
Member-American-Society of Mechanical

'ngineers

EXPERIENCE:

1959 - Present, Pennsylvania Power 6 Light Company

1979-present
1974-1979

1970-1974

1970-1970

1968-1970

1967-1968

1962-1967

1960-1962
1959-1960

Construction Manager
Superintendent of Plant-Martins
Creek SES
Asst. Superintendent of Plant
Martins'Creek SES
Assigned to work with Martins
Creek Unit 3 6 4
Project Team full time.
Plant Betterment Engineer-Generation
Dept.
Supervisor of Operation-Martins
Creek SES
Technical Sueprvisor-Martins
Creek SES
Results Engineer-Brunner
Island SES
Engineer-Martins Creek SES
Graduate Trainee-Various locations
in Company
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RESUME: ROGER A. INGLESE

PRESENT POSITION:

EDUCATION:

GENERAL:

EXPERIENCE:

1956-Present

Manager - Procurement
Pennsylvnaia Power 8 Light Company
Two North Ninth'Street
Allentown, PA.

Lehigh University
BS Mechanical Engineering

Member National Association of
Purchasing Management

Member Edison Electric Institute (EEI)
Purchasing and Stores Committee

Registered Professional Engineer-Commonwealth
of Pennsylvania

Pennsylvania Power 6 Light Company

1974-Present
'1973"1974

1964-1973

1961-1964

1956"1961

Manager-Procurement
Assistant Manager - Purchasing
and Stores
Supervisor - Rate Administration
and Contracts Department
Supervisor -Rate Auditing,
Rate and Contracts Department
Various Sales Positions
Business Development Department

1953-1955 Test Engineer-Aberdeen Proving Ground
US Army
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TABLE 13.1"2

SCHEDULE FOR FILLING OPEN KEY SUPERVISORY POSITIONS

Management is conducting interviews with candidates for the
following positions. All other Plant Staff and Nuclear
Department Key Supervisory Positions are filled.

Position
Duties Temporarily
Performed b

Anticipated
Schedule.
For Fillin

Manager-Nuclear Training Vice President-Nuclear Operations February, 1981

Manager-Nuclear Safety
Assessment

Health Physics Supervisor

.Manager-Nuclear Support

Health Physics Engineer

90 days prior
to fuel load

90 days prior
to fuel load
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TABLE 13.1-3

UALIFICATIONS OF KEY PLANT SUPERVISORS

Title

Superintendent of Plant

Assistant Superintendent, of Plant

Supervisor of Operations

,Shift Supervisors (6)

Technical Supervisor

Reactor Engineering Supervisor

Plant Engineering Supervisor

Instrumentation and Control/Computer Supervisor

Chemistry Supervisor

Maintenance Supervisor

Health Physics Supervisor
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SUPERINTENDENT OF PLANT

NAME: Harold William Keiser

EDUCATION AND TRAINING:

1972 University of Illinois, Urbane, Illinois
Bachelor of Science Degree in Metallurgical
Engineering

1973 University of Illinois, Urbana, Illinois
Master of Science Degree in Nuclear
Engineering*

WORK EXPERIENCE:

'980-Present Pennsylvania Power 6 Light Co.
Superintendent of Plant - SSES

1979 - 1980 Consumers Power Company
Operations/Maintenance Superintendent.
Palisades Nuclear Plant.

Duties: Responsible for operations and maintenance
(Electrical, Mechanical, Instrument and
Control} of the plant,. Responsible for
'managing all outages activities including
refueling outages.

Responsible for nine months for managing
the Chemistry and Health Physics
Department:

1976 - 1979 Operations Superintendent, Palisades
Nuclear Plant

Duties:

1976 - 1976

Responsible for safe, efficient operation
of the plant, chemistry control and plant
training. Managed the Operations
Department, Chemistry Department, and
Plant Training Department.

Senior Engineer, Nuclear Production
Department

Duties: Responsible as Staff Assistant to the
Manager of Nuclear Power Plants for the
coordination of nuclear power plant
activities (Palisades, Big Rock, and
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TABLE 13.1-3 (Continued)

Midland) with corporate activities.
Responsibilities included obtaining from
the various corporate departments the
support needed to maintain the plants in
operation and to shorten their outages.
Responsible for coordinating the plant's
comments on corporate activities
including representing the plants. at
corporate meetings and providing the
necessary feedback. Responsible for
coordination between all the nuclear
plants ensuring that the administration
functions uniformly.

1973 - 1976

Duties:

Senior Engineer, Palisades Nuclear Plant

Responsible as Project Engineer for
overall planning, performance and
scheduling of steam generator eddy
current testing, tube plugging and tube
removal.

Responsible as Project Engineer for
turnover acceptance of .radioactive waste
processing facility. This major
modification included installation of
systems necessary for eliminating
'radioactive waste releases including
equipment for processing, recycling and
solidification of all liquid and gaseous
waste products. Responsibilities
included design review, test witnessing,
test acceptance and system acceptance
after construction and start-up testing.
Responsible also for coordination of
construction and start-up activities with
plant activities.

Responsible as Project Engineer for plant
design review of 300 gpm makeup water
system and full flow condensate
polishers. Responsibilities included
design review, vendor selection,
interfacing architect engineer's document
control system with the plant's
procurement of spare parts, and
coordination of construction activities
with plant activities.

-l973 - 1975 General Engineer, Palisades Nuclear Plant
0

P
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TABLE 13.1-3 (Continued

Duties: Responsible for the overall planning,
performance and scheduling of steam
generator eddy current testing, tube
plugging and tube removal.
Responsibilities included design,
procurement, checkout and installation of
equipment, procedure development, quality
assurance, training of repairmen, and
providing interface and coordination
between the company and subcontractors.

Responsible as Project Engineer for
various engineering modifications.

1968 - 1973 University of Illinois
Duties: Responsible, for operation and maintenance

of. Triga Reactor. Performed design
installation and pre-operational testing
of reactor.

,1961 - 1968 U.S. Navy

Electrical Operator in nuclear field.
Responsible for maintenance and operation
of power generation/distribution
equipment and electrical auxiliaries.
Served as qualified reactor operator and
electrical operator on USS Tecumseh (SSBN
628) for two years. Served as Staff
Instructor at SIC prototype. Qualified
in all phases of plant operation.
Instructed and qualified trainees in
electrical operations, basic nuclear and
electrical theory.

LICENSES AND CERTIFICATES:

Senior Reactor Operator license,
University of Illinois, Triga Reactor

Senior Reactor Operator license,
Palisades Nuclear Plant
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TABLE 13.1-3 Continued)

ASSISTANT SUPERINTENDENT OF PLANT

NAME: 'Donald J. Thompson

EDUCATION AND TRAINING:

1968 University of Nevada
BSEE

WORK EXPERIENCE:

1980-Present Assistant Superintendent of Plant
Susquehanna Steam Electric Station

1975 to 1980 Plant Planner/Scheduler/Maintenance Supervisor/
Outage Supervisor
Portland General Electric
Trojan Nuclear Plant

Duties: Responsible for planning, supervising and scheduling
outages. Coordination of

all'epartments,maintain cost control
system, assure schedules are met, prevent
impacts between work groups, assure
quality is maintained and'ork plans meet
with the ALQ% Program.

Responsible for electrical and mechanical
maintenance and warehousing.
Responsibility required knowledge of the
nuclear plant Quality Assurance
requirements, technical specifications,
various codes and standards and good
maintenance practices. Scheduled
activities with systems such as PERT,
CPM, and Project 2.

1973 to 1975 Manager of Refueling Operations
Morrison Kmudsen Inc.
West Milton Naval Reactor Facility

Duties: Supervised engineers, superintendents,
and craft personnel; responsible for
support of refueling operations for Naval
Reactor prototype plants at the West
Milton New York Naval Reactor Facility;
responsible to assure all refueling
related activities were. completed in a
safe and timely manner. Responsibility
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TABLE 13.1-3 Continued)

required a knowledge of radiological work
"practices, Quality Assurance, NDE
Procedures, Nuclear Fuel handling
procedures, welding techniques and labor
contracts and their application

1968 to 1972

A

Duties:

Nuclear Plant Engineer/Shift. Supervisor/Outage Manager
Westinghouse Electric Corporation
Idaho Falls, Idaho

Qualification as Engineering Officer of
the Watch; 5 months of classroom training
followed by in-plant training. Nine
months as Nuclear Plant Engineer, with
subsequent promotion to Shift Supervisor.
As Shift Supervisor, responsible for the
operation of a two unit plant;
knowledgeable of all plant systems and
procedures; responsible for a crew of 30
men and 4 engineers.

.As the Outage Manager responsible for the
planning/scheudling, preparation, co-
ordination and timely completion of
outages; assisted by a 3 man staff and
was responsible for operation and
maintenance during outages.

1966 to 1968 Radar Repairman/Student
Desert Research Institute
Reno, Nevada

Duties: Engineering aide to scientists working on
various research projects; designed small
circuits, repaired and maintained radar
and computer equipment.

LICENSES AND CERTIFICATES:

None
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SUPERVISOR OP OPERATIONS

- NAME: George Leon Adams

EDUCATION AND TRAINING:

1974 Pennsylvania State University
B.S. Degrees in Nuclear Engineering and
Administrative Management.

8/64 to 1/65 U.S. Navy Nuclear Power Training Unit
DlG Prototype

2/64 to'8/64 U.S. Navy Basic Nuclear Power School
Bainbridge, Maryland

9/63 to 12/63

WORK EXPERIENCE:

U.S. Navy Electrician Mate 'A'chool

2/78-Present

Duties:

Supervisor of Operations SSES

Responsible for management of plant staff
Operations Section during Initial
Energization and Preoperational Test
Program activities at plant site.
Responsibilities include establishment
and implementation of the necessary
administrative controls, development and
implementation of the necessary operating
procedures for nuclear and balance-of-.
plant systems, and supervision of shift
supervisory personnel. Evaluated senior
license and license candidate personnel
by oral examination. Provided extensive
review and evaluation of control room
operating procedures for Advanced Control
Room (ACR)/ACR Simulator. Responsible
for coordination of all Operations
Section activities with other site groups
and station sections during test program,
and for development of all section
programs/procedures to prepare for fuel
load, startup testing and commercial
operation.

5/77 to 2/78 Startup Engineer, General Electric Co.
Shoreham Site.
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Duties:

10/76 to 5/77

Provided technical direction during pre-
operational test phase. Developed and
reviewed test procedures. Primary
responsibility for Nuclear Steam Supply
Shutoff System, and Reactor Water Cleanup
System. Provided interface between
nuclear vendor and utility personnel.

Startup Engineer, General Electric Co.
Brunswick Site.

Duties:

6/74 to 10/76

Duties:

6/70 to 6/74

Provided Technical Direction during Power
Test Phase - SRO Certified. Coordinated
all test activities with/for the utility
Shift Supervisor for duraton of the Power
Test Program.

Training Engineer, General Electric Co.

Developed and conducted training courses
in all phases of BWR Power Plant Training
at the GE BWR Training Center, Morris,
Illinois. Included six (6) months at
Millstone Unit 1 during refueling outage
on assignment as Engineer.

Reactor Operator on "TRIGA" Research
Reactor at Pennsylvania State University
while earning degree.

5/63 to 6/70

Duties:

Operator/Instructor U.S. Navy Nuclear Program.
\

Naval experience includes three (3) years
in Engineering Group aboard naval vessel
in Electrical Division; participated in
startup test program. Two (2) years
assignment at naval prototype (DlG) as
operator/staff instructor.

LICENSES AND CERTIFICATES:

1970 RO License, Pennsylvania State Univeristy
TRIGA Reactor

1975

1975

GE SRO Certified Dresden II and III
SRO Licensed, Dresden II and III

1977 GE SRO Certified Brunswick Nuclear Power
Station, Unit 1
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SHIFT, SUPERVISOR
lw

i

NAME: Phillip M; Bartel

EDUCATION',AND TRAINING:

High School Graduate

.1964"1965 Navy Nuclear Power School
Completed Enlisted Qualifications

1972 Westinghouse Nuclear Training Center
PWR Cold License Training

1978-

WORK EXPERIENCE:

SRO Certification Training-Browns
Ferry .

1/77-Present Shift Supervisor - Susquehanna SES

Duties:

4/74 to 1/77

Responsible for supervision of shift
personnel and directing all shift
operating activities during nuclear power
plant test program including the Initial
Energization and Preoperational Testing
Phases. Responsible for operation of all
power plant equipment during test
program, and for the implementation and
enforcement of applicable administrative
controls such as those relating to work
authorization, personnel safety,
protective 'permit and tag, and conduct of
operations.

Startup and Test Coordinator United
Engineers and Constructors

Duties:

10/73 to 4/74

Coordinated Startup and test efforts at
two large fossil fueled units.

Field Engineer - Bechtel Power Corp.
Davis-Besse Nuclear Power Station

Duties: Verified proper system installation and
initiated plant system installation
checks. Compiled all system
documentation required for release of
plant systems to the utility.

„,,"3EV. 18, 11/80
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TABLE 13.1-3 (Continued)

9/71 to 10/73 Operations Foreman - Duquesne Light Co.
Beaver Valley Nuclear Power Station

Duties:

2/64 to 1/71

Supervised the startup and proper
operation fo plant systems. Researched
and wrote system descriptions and
operating procedures. Completed cold
license training for the NRC SRO License.

Navy Nuclear Power Program
Qualified as Engineering Watch Supervisor

Duties: Supervised all engineering watch standers
in the operation of the S5W PWR Reactor
Plant. Responsible for the training of
electrical operators and supervised the
maintenance and repair of all electrical
equipment. Participated in all phases of
a reactor fueling, approach to
criticality, and power range testing.

LICENSES AND CERTIFICATES:

1972 SRO Certification for Westinghouse PWR
Plant from the Westinghouse Nuclear
Training Center

. 1978 SRO Certification for General Electric
BWR Plant from General Physics
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SHIFT SUPERVISOR

NAME: Russell H. Halm

EDUCATION AND TRAINING:

1966 High School Graduate

1969 - 1970 Navy Nuclear Power School
Completed Enlisted Qualifications

1974 G.E. BWR Operator Training
SRO Certification

WORK EXPERIENCE:

7/78 - Present

Duties:

9/74 — 7/78

Duties:

7/68 - 7/74

Duties:

Shift Supervisor - Susquehanna S.E.S.

Responsible for supervision of shift
personnel and directing all shift
operating activities during nuclear power
plant test program including the Initial
Energization and Preoperational Testing
Phases. Responsible far operation of all
power plant equipment during test
program, and for the implementation and
enforcement of applicable administrative
controls such as those relating to work
authorization, personnel safety,
protective permit and tag, and conduct of
operations.

BWR Instructor G.E. BWR Training Center

Instructor for all phases of BWR operator
training including design orientation,
plant specific technology, observation,
hot license, retraining, and
fundamentals. Responsible for setting up
with Utilities, retraining programs and
technology courses. Called upon to meet
with NRC personnel and.answer questions
concerning generic BWR operational
licensing issues.

Navy Nuclear Power Program

Qualified as Engineering Watch Supervisor
and Lead Engineering Laboratory
Technician.
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Supervised all Engineering Watch Standers
in the operation of the DlG prototype and
the A2W PWR plant. Responsible .for plant
operations and test chemistry along with
training of Mechanical Watch Standers at
the D1G prototype. Involved with .repair
and.replcement of reactor coolant pump
and other steam and reactor components
during refueling at DlG prototype and new
construction of the CVAN Nimitz.

LICENSES AND CERTIFICATES:

1975

1976

G.E. SRO Certification

NRC SRO License Dresden Units 2 6 3
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SHIFT SUPERVISOR

NAME: Stanley J. Laskos

EDUCATION AND -TRAINING:

1957

1962

High School Graduate

Stationary Engineers Course by PSERG Co.

7/72 - 6/73 Reactor Operators Training Program by
N.U.S. Corp. Nuclear Plant System
Qualifications

8/73 - 11/74

3/75

Accelerated Westinghouse Training Program
for Cold Senior Reactor Operators

Train'ing Program at Westinghouse Pool
Reactors at Zion, Illinois

4/75 - 9/75

0 10/75 — 9/76

Westinghouse Nuclear Training Center,
Cold License Certification on PWR's

Westinghouse On Site Training Package ~

for Cold SRO's Including:
Health Physics Technician Course
Pre-License Review Series
Fuel Handling Qualification

1/77

10/77

General Electric Design Orientation

General Electric Advanced Control Room Course

4/78 General Physics BWR Cold License Certification
Program

WORK EXPERIENCE:

5/77 - Present

Duties:

Shift Supervisor - Susquehanna S.E.S.

Responsible for supervision of shift
personnel and directing all shift
operating activities during nuclear power
plant test program including the Initial
Energization and Preoperational Testing
Phases. Responsible for operation of all
power plant equipment during test
program, and for the implementation and
enforcement of applicable administrative
controls such as those relating to work
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authorization, personnel safety,
protective permit and tag, and conduct of
operations.

8/74 - 5/77 Acting Shift Supervisor/Shift Foreman
Public Service Electric 8 Gas Co.
Salem Nuclear Generating Station

Duties: Performed duties of Shift
Supervisor/Shift Foreman at Salem under
SRO License AESOP 2724 Docket j/55-5438
during all phases of plant construction,
including Cold Hydro, Hot Functional
Testing, Pre-Criticality Testing, Power
Testing, Initial Core Ioad and

" -Criticality. Participated in SRO

Requalification Program.

7/72 - 8/74

Duties:

Control Room Operator

Reactor Operator Trainee at Salem.
Performed duties of Control Room Operator
and assisted in the start-up of plant
construction.

6/60 - 6/72 Linden Generating Station Public Service
Electric 6 Gas Co.

Twelve years responsible power plant
experience as a Control Operator,
Equipment Operator Special, and Equipment
Operator at a large fossil generating
station. A'ssisted in the start-up and
operated modern high pressure oil fired
boilers, condensing and extraction
turbines, Pratt 6 Whitney and
Westinghouse gas turbine peaking units.
Performed major and minor system cutouts,
tagging and electrical switching.

LICENSES AND CERTIFICATES:

1962 State of New Jersey Stationary Engineers
License j/A-40397

1975 Cold License Certification from
Westinghouse PWR Training Center

1976 NRC Senior Reactor Operators License
(Cold) AESOP 2724 Docket j/55-5438
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1978 BWR Cold License Certification from
General Physics Corporation at the Browns
Ferry Nuclear Plant Simulator
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'HIFT SUPERVISOR

NAME: 'homas R. Markowski

EDUCATION AND TRAINING:

1965-1967

-High School Graduate

Pennsylvania State University
Various Technical Courses

1976-1978 SRO License Training Program - SSES

WORK EXPERIENCE:

4/76-Present

Duties:

1967-4/76

Shift Supervisor - Susquehanna SES

Responsible for supervision of shift
personnel and directing all shift
operating activities during nuclear power
plant test program including the Initial
Energization and Preoperational Testing
Phases. Responsible for operation of all
power plant equipment during test
program, and for the implementation and
enforcement of applicable administrative
controls such as those relating to work
authorization, personnel safety,
protective permit and tag, and conduct of
operations.

Martins Creek Steam Electric Station
Pennsylvania Power and Light Company

Duties: Plant control operator of a 160 MW coal
fired power plant. Plant control
operator and assistant shift supervisor
for the startup and operation of an 850

'Woil fired, power plant. Responsible
for writing operating guidelines for the
850 MW unit. During the initial eight
months of operation of the 850 MW unit,
supervised over 100 startups and
shutdowns.

LICENSES AND CERTIFICATES:

G.E. BWR Training Center S.R.O.
Certification
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SHIFT SUPERVISOR

. NAME: Joseph.H. Murray
*

EDUCATION AND TRAINING:

"High School Graduate

1969"1970 Navy Nuclear Power Program
Completed Enlisted Qualifications

1976 GE BWR Technology

1976 GE BWR Operator Training
Received SRO Certification

1977 GE BWR Observation Training

WORK EXPERIENCE:

6/76-Present

Duties:

Shift Supervisor - Susquehanna SES

Responsible for supervision of shift
personnel and directing all shift
operating activities during nuclear power
plant test program including the Initial
Energization and Preoperational Testing
Phases. Responsible for operation of all
power plant equipment during test
program, and for the implementation and
enforcement of applicable administrative
controls su'ch as those relating to work
authorization, personnel safety,
protective permit and tag, and conduct of
operations.

6/74-1/76
Corp.

Engineering Associate - Stone 6 Webster

Duties: Assigned as responsible engineer for
three NSSS systems and five BOP systems.
Responsibilities included certification
of conformance to NRC Regulatory Guides
and CFR,Requirements, equipment

'elections and specifications, line
sizing and system resistance
calculations.

6/68-6/74 Navy Nuclear Power Program
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qualified as: Engine Room Supervisor
Ieading Engineering Laboratory
Technician

Duties: As Engine Room Supervisor, responsible
for supervising the operation of reactor
and steam plant support systems,
including turbine-generators, main
engines', .etc. Also responsible for the
supervision of seven men for maintenance
and repairs on the above equipment. As
leading ELT', responsible for supervising
the analyzation and maintenance of
reactor and steam plant chemistry;
shipboard radiation protection,
maintenance of all records and reports,
and training of personnel for
qualification as radiation health
workers.

LICENSES AND CERTIFICATES:

1976 SRO Certification on a GE BWR Plant
issued by the GE BWR Training Center.
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SHIFT SUPERVISOR

NAME: David M. Smith

EDUCATION AND TRAINING:

1964 ', « High School Graduate

1964 - 1973 U;-S. Navy Nuclear Power Program
Completed Enlisted (}ualifications

1975 . U.S. NRC Senior Reactor Operator License
Training, Carolina Power and Light Co.

1978

WORK EXPERIENCE:

U.S. NRC Senior Reactor Operator License
Training,'ower Authority of the State of New York.

4/80-present

Duties:

Shift Supervisor - Susquehanna SES

Responsible for supervision of shift
personnel and directing all shift
operating activities during nuclear power
plant test program including the Initial
Energization and Preoperational Testing
Phases. Responsible for operation of all
power plant equipment during test
program, and for the implementation and
enforcement of applicable administrative
controls such as those relating to work
authorization, personnel safety,
protective'permit and tag, and conduct of
operations.

8/77 - 4/80 Shift Supervisor - James A. Fitzpatrick
Nuclear Power Plant. Power Authority of
the State of New York

Duties: Supervises on a shift-to-shift basis the
safe, continuous operation of the plant
according to established procedures, NRC
licenses, Operations'uality assurance
program requirements and requests by the
load dispatcher.

6/76 - 8/77 Shift Foreman - Brunswick Steam Electric Plant
Carolina Power and Light Co.
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Duties: Supervised on a shift-to-shift basis the
plant operations during all phases of
plant construction, including cold hydro,
hot functional testing, initial core
loading and criticality, and commercial
power operations.

5/75 „- 6/76 Control Room Operator - Brunswick Steam
Electric Plant - Carolina Power and Light
Co.

Duties

4/73 - 5/75

Operated the plant controls and equipment
during all phases of plant opreation from
initial construction to power operations
including refueling operations.

Auxiliary Operator - Brunswick Steam
Electric Plant - Carolina Power and Light
Co.

Duties: Operated plant equipment outside the
control under the direction of the
Control Room Operator during all phases
of plant construction, fuel loading and
startup testing.

10/64 - 2/73

Duties:

U.S. Navy Nuclear Power Program

Qualified as Engineering Watch
Supervisor, Reactor Operator, and Reactor
Technician.

Supervised the Engineering Watch Standers
in the operation of the AlW prototype.

Reactor Operator/Technican on the U.S.S.
Enterprise CVA(N)-65.

LICENSES AND CERTIFICATES:

1975

1978

NRC Senior Reactor Operator I,icense SOP-2469

NRC Senior Reactor Operator License SOP-3216
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TECHNICAL SUPERVISOR

NAME: Louis D. O'eil
EDUCATION AND TRAINING:

1960"1964

1967-1969

1969-1970

1974

1974

1975

1975

1975

1976

1976

1977

1978

1979

1979

1980

WORK EXPERIENCE:

1974-Present

Duties:

Susquehanna University
BA - Biology

Iycoming College
Courses in Advanced Math and Physics

Pennsylvania State University
BS - Mechanical Engineering

GE BWR Design Orientation

Radioactive Waste Management for Nuclear
Power Reactors

GE Process Instrumentation and Control

Planning for Nuclear Emergencies

Research Reactor Training at the Pennsylvania
State University

GE BWR Technology

GE BWR Operator Training
Received SRO Certification

GE BWR Observation Training

GE BWR Station Nuclear Engineering

PP&L BOP Systems Course

PP&L NSSS Systems Course

PP&L SRO License Training Program

Technical Supervisor - Susquehanna SES

Manages the Technical Support Group to
ensure safe, reliable and efficient
operation of the station in compliance
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with NRC and other regulatory
requirements. The chemistry,
radiochemistry, nuclear engineering,
plant engineering and instrument and
control maintenance services are provided
by this group.

'n addition, have overall responsibility
for the Startup Test Program covering
Unit fuel load through power escalation
testing. (NOTE: Effective 6/80 the
Instrument 6 Controls/Computer Group was
reorganized as an independent section).

1972-1974 Results Engineer - Montour Steam Electric
Station
Pennsylvania Power and Light Company

Duties: Assist the Technical Supervisor in
assigning and supervising routine and
non-route.ne work of technical department
personnel. Supervised all instrument and
control activities at the station which
consisted of one 800 MW coal fired unit
in commercial operation and a second 800
MV coal fired unit which went through
final construction and startup phases to
commercial operation. During startup of
Unit 2, all instrumentation and control
checkout and calibration was performed by
station personnel. Routine
responsibilities included supervision of
unit startups and shutdowns. In
addition, assumed responsibility of "On-
call Supervisor" in scheduled rotation
with other plant management personnel to
cover weekends and holidays. "On-call
Supervisor" was the-senior plant
supervisor during such periods and
responsible for the station operation.

1971-1972 Engineer-Results - Montour Steam Electric
Station
Pennsylvania Power and Light Company

Duties: Involved in the final construction and
startup phases of Unit 1, an 800 MW coal
fired unit. Reviewed final construction
of assigned systems for operating
acceptability, participated as principle
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station engineer in the startup of such
systems, evaluated system performance,
recommended design changes as required
and provided engineering support and
assistance to operating and maintenance
personnel. Supervised and directed
station chemistry activities during the
startup. phase and subsequent operation.

1970-1971 Engineer-Results - Brunner Island Steam
Electric Station
Pennsylvania Power and Light Company

Duties: Assist the Results Engineer and Technical
Supervisor in providing engineering
support for the station. The station

. consisted of three coal fired units with
a total output of 1450 MW.

Responsibilities included performing
'engineering investigations and
evaluations of plant and equipment
operation, both normal and abnormal.
Participated in eight week annual
overhaul and inspection. of a super-
critical unit. Had primary technical
responsibility for effective operation of
station water treatment systems and
chemistry activities.

LICENSES AND CERTIFICATES:

SRO Certification on a GE BWR Plant
issued by the GE BWR Training Center

Registered Professional Engineer-
Commonwealth of Pennsylvania
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REACTOR ENGINEERING SUPERVISOR

NAME: Adam H. Geesey Jr.

EDUCATION AND TRAINING:

1965-1969

1969-1971

1972

1972

1975

1975

1977

1977

, 1978

1978

1979

1979

1980

WORK EXPERIENCE:

1977-Present

Duties:

Susquehanna University
B.A. Physics

The Pennsylvania State University
,M.S. Nuclear Engineering

GE BWR Design Orientation

GE BWR Introduction to Operations
(1 week Simulator Course)

GE Process Instrumentation and Control
(Iecture Portion)

MIT Nuclear Fuel Management Seminar

GE BWR Technology

GE BWR Operator Training (Receive SRO Certification)

GE BWR Observation Training

GE, BWR Station Nuclear Engineering Course

SSES Balance of Plant Systems Course
SSES SRO Licensing Training

SSES HSS Systems Course
SSES SRO Licensing Training

SSES Systems and Simulator Training
SSES SRO Licensing Training

Reactor Engineering Supervisor, Susquehanna SES Plant Staff

Develops and directs nuclear plant
Reactor Engineering Programs that will
provide the assurance that nuclear fuel
performance is safe, reliable and
efficient, the associated records and
surveillances are generated, maintained
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and performed in compliance with the
requirements of the operating license and
the fuel warranty; fuel and core
components are inspected and suitable for
service and provide technical direction
and-support to plant operations relating
to the fuel.

1974-1977 Results Engineer, Susquehanna SES Plant
Staff

Duties: Responsible for reviewing and commenting
on various plant specifications,
drawings, etc., being reviewed at the
time. Coordinated the plant staff
responsibilities for the writing of
various FSAR sections and wrote initial
drafts of several sections. Responsible
for plant staff activities in the fuel
and fuel handling areas and performed
many related reviews. Filled in as
Acting Technical Supervisor in his
absence.

1972-1974

Duties:

Engineer, Susquehanna SES Plant Staff

Performed reviews on many project
documents being generated at that time,
was responsible for all activities in the
fuel and fuel handling areas and during
this period was stationed at an operating
BWR for the duration of its first two
refueling outages where I helped the
station nuclear engineer carry out his
duties.

1971-1972 Engineer, Susquehanna Engineering Project
Team

Duties: Assembled NSSS documents in packets for
review and send them for review to
applicable company groups. Coordinated
the resolution of comments on these
documents. Performed cost and technical
analysis for scope changes on NSSS
equipment and systems.

1970-1971 AEC Trainee and Reactor Operator,
Breazeale Nuclear Reactor, The
Pennsylvania State University.
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Duties: Operated a TRIGA reactor including
pulses, power changes and manipulations
necessary to conduct different
experiments. Completed a thesis on a
conceptual design of a reactor protection
system that was calculated to be more
reliable than those currently utilized by
the industry.

'969"1970AEC Trainee Reactor Operator Trainee,
Breazeale Nuclear Reactor, The
Pennsylvania State University.

Duties: Trained to become an AEC licensed Reactor
Operator on the Penn State TRIGA reactor.

LICENSES.AND CERTIFICATES:

Formerly held an AEC Reactor Operator's
License on the Penn State TRIGA reactor.

Registered Professional Engineer (in the
Nuclear Engineering Discipline) by
Commonwealth of Pennsylvania.

Senior Reactor Operator Certification on
a GE BWR Plant issued by the GE BWR

Training Center.
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PLANT ENGINEERING SUPERVISOR

NAME: Jerome A. Blakeslee, Jr.

EDUCATION 6 TRAINING:

1966"1970 Lafayette, College
BS.- Mechanical Engineering

1972-1973 Pennsylvania State University
MS - Nuclear Engineering
Research Reactor Licensing Training
Received Operator License

1974 GE BWR Design Orientation

1974 Radioactive Waste Management for Nuclear
Power Reactors

1976 Operational equality Assurance and Audits
for the Nuclear Power Industry

1976 GE BWR Technology

1976 GE BWR Operator Training
Received SRO Certification

1977 GE BWR Observation Training

1978 Station Nuclear Engineering

WORK EXPERIENCE:

1977-Present Plant Engineering Supervisor - Susquehanan SES

Duties: Manages the Plant Engineering Group and
assists the Technical Supervisor in
ensuring the safe, reliable and efficient
operation of the station in compliance
with NRC and other regulatory
requirements. Responsible for technical
review of preoperational and acceptance
tests procedures and test results, and
determination of operational readiness of
systems for fuel load. Responsible for
compliance with Surveillance Testing
requirements, review and benefit analysis
of station design changes, review and
preparation of plant procedures,
preparation and revision of the station
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Systems Description Manual, conducting
equipment performance and availability
studies,'nd providing technical support
to other plant groups as necessary.

1975-1977
E

Duties':

. Results Engineer - Susquehanna SES

.Responsible for continuing development of
the plant procedures program and
development of the station Systems
Description Manual. Performed reviews of
station design documents.

1973-1975

Duties:

Engineer - Results - Susquehanna SES

Performed reviews of station design
documents. As a member of the
Operational (}A Task Force began
development of the Susquehanna
Operational equality Assurance Program.

1972-1973 Operator Trainee/Licensed Operator-
Pennsylvania State University - Breazeale
Nuclear Reactor

Duties: As a member of the staff, performed
reactor operation and other operational
support activities at the research
reactor facility.

1970-1972 Engineer - Results - Martin's Creek SES

Duties: Assisted the Technical Supervisor and
Results Engineer in providing engineering
support for the station. The station
consisted of two 160 MW coal fired units.
Responsibilities included performing
engineering investigations and
evaluations of plant and equipment
operation, and participating in annual
overhaul and inspection of the units.
Had primary technical responsibility for
effective operation of the water
treatment systems and chemistry
activities.

1970 Engineer - Mechanical Test

Duties: Participated in acceptance testing of
turbine generator unit at Brunner Island
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SES Unit Three, an 800 MW coal fired
unit. Participated in electrostatic
precipitator performance testing at
Brunner Island SES and Martin's Creek
SES.

LICENSES AND CERTIFICATES:

.SRO Certificat'ion on a GE BWR Plant
issued by the GE BWR Training Center

Operator License on l MWt Breazeale
Nuclear Reactor at Pennsylvania State
University

Registered Professional Engineer-
Commonwealth of Pennsylvania
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INSTRUMENT 6 CONTROL/COMPUTER SUPERVISOR

,NAME: Joseph B. Rimsky.

EDUCATION AND TRAINING:
k

1962-1967 . Drexel Institute of Technology,'BSEE
(Instrumentation and Computer Options)

1967 Computer Hardware Repair Training

1975 Reactor Technology and Operations Training, Penn
State

1975

1976

G.E. BWR Fundamentals Training (Simulator Training)
\

G.E. BWR Technology Training

1979 IRD Mechanalysis - Machine Balancing

1979 G.E. BWR Nuclear Instrumentation

1980
7

WORK EXPERIENCE:

BWR Fundamentals Training (Simulator Training)

, 4/80 to Present Instrument and Controls/Computer Supervisor
Susquehanna SES

Duties: To develop, administer and supervise the
instrumentation and controls/computer
program for Susquehanna S.E.S. This
involves long range planning of the
plant's needs to meet NRC compliance and
maintain safe, continuous and efficient
operation. Areas of involvement include;
outage planning, surveillance procedures
and schedules, personnel training,
operations review, instrument maintenance
and calibration planning, computer
updating and maintenance, records
preparation and filing, instrumentation
and control problem resolution and any
other activities which involve the
plant's instrumentation, controls and
computer system. The major challenge of
this task is on-going review required to
maintain the I 6 C/Computer Program in
compliance with the Technical
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Specifications, Regulatory Guides, ANSI
Standards and the Code of Federal
Regulations.

4/79 to 4/80

. Duties:

Instrument and Control Engineer - Susquehanna SES

Provided input to the IRC/Computer
Supervisor for developing the IRC
Programming. Responsible for instrument
and control problem analysis for the
plant systems. Researching these
problems and submitting recommendations
for change of procedure, equipment, or
purchases and spare parts. Prepared
reports to be used by the group for
functions such as justification for
budget items, NRC reporting, audit
reporting, etc.

5/73 to 4/79

Duties:

Field Engineer - Starting and Testing - PPSL

Accountable for the checkout and initial
operation of power plant systems.
Included within the duties are pre-
operational testing and supervising the
initial operation of the systems to
insure system reliability and design
integrity.

2/77 to 4/77

Duties:

Plant Betterment Engineer - PAL

Represent the power plant to management
on all matters with an environmental
impact; review, follow-up and resolve any
out of compliance reports originating
from the Chemical Iab or Environmental
Engineer. Represent Power Production
Department at all boiler inspections.

6/67 to 5/73 System Start-up Engineer-
I,eeds 6 Northrup Company

Duties: Responsible for the commissioning of
digital and analog control systems which
automated large industrial steam supplies
and associated process. As lead engineer
the overall supervision and direction of
the control installation was the major
area of responsiblity. This area
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9/62 to 6/67

included staffing, scheduling, training
and work performance.

Co-op Student - Taylor Instrument Companies

Duties: Formal training program provided varing.-, duties in different departments.
Assignments were in manufacturing,
design, testing, and systems engineering.

\

LICENSES AND CERTIFICATES:

None
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CHEMISTRY SUPERVISOR

NAME: Robert G. Johnson

EDUCATION AND TRAINING:

1956-1958 Mason City Junior College
As'sociate of Arts - Math

1958-1961 University of Northern Iowa
BA - Math

1961-1974

197,0

1971

1972

WORK EXPERIENCE:

4/77-Present

Duties:

1971"4/77

Duties:

University of Northern Iowa
Science. No Degree

GE BWR Technology

GE BWR Chemistry

General Electric Radiation Engineer Training
for Health Physics

Chemistry Supervisor - Susquehanna SES~

To develop and direct nuclear station
chemistry and radiochemistry programs
that will provide appropriate monitoring
of plant process in order to demonstrate
system function is within specified

. limits and plant releases are as low as
reasonably'chievable.

Plant Chemist - Duane Arnold Energy Center
Iowa Electric Light and Power Company

Installation of sampling equipment and
field activities associated with the
initiation of the DAEC Preoperational
Environmental Radioactivity Monitoring
Program including the training of the
technicians. Purchasing of initial
equipment and chemicals for the
radiochemistry laboratory. Training
chemistry technicians. Setting up and
calibration of radiochemistry laboratory
equipment. Assembling and review of the
Plant Chemistry and Counting Room Manual.
Design verification and review of
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operating/testing procedures for plant
chemistry treatment equipment. Taught
plant chemistry to the DAEC operator
trainees taking the Basic Nuclear course.
Calibration and testing of plant
radiation process monitors. Supervision
of Chemistry Laboratory through startup,
refueling and normal plant, operations.
Supervision of maintenance of condensate
demineralizers including repair of
valves, retubing and acid cleaning.

1965-1971 Chemistry Technician in System Laboratory
Iowa Electric Light and Power Company

Duties: Perform analysis of water, fossil fuel.,
lubricating oil, and insulating oil.
Involved with the change over from
zeolite softners to deminerilizers.
Chemical cleaning of heat exchanges and
boilers.

LICENSES AND CERTIFICATES:

None
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SUPERVISOR OF MAINTENANCE

NAME: Robert G. Byram

EDUCATION AND TRAINING:

1963-1968 Drexel University
BS - Mechanical Engineering

1969-1974 Franklin and Marshall College
MS - Physics

WORK EXPERIENCE:

1977-Present Supervisor of Maintenance
Susquehanna SES

Duties: Flan> control, and direct the activities
of the Maintenance Department, which
consists of mechanical and electrical
maintenance crews, to ensure safe,
reliable and efficient operation of the
station in compliance with the NRC and
other regulatory agency requirements.

1976-1977 Starting and Testing Mechanical Group
Supervisor
Pennsylvania Power and Light Company

Duties: Responsible for the inspection, .eating
and operation of various power plant
systems prior to and during the startup
and initial operating phases of new
generation facilities. Provided
expert.ise in power plant mechanical
systems, supervised the preparation of
tests and special procedures, and
coordinated the participation in the
startup programs of plant supervisory
personnel and vendors.

1975-1976 Senior Engineer
Consumers Power Company

Duties: Total responsibility for complete
engineering function performed by outside
A/E consulting firms on generating plant
modification projects. This included
definition of project scope through
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, . 1'97,4" 1975

required studies, economic justification
and budget submittals, cost and schedule
control, preparation of
material/installation specifications and
procurement function, and final detail
engineering.

.,Senior Maintenance Planning Engineer
Tampa Electric Company

Duties: Responsible for directly supervising the
activities of five maintenance engineers
and planning all maintenance activities
at a six-unit, 1300 MW, coal-fired
generating station. Under direction from
the Assistant Plant Superintendent,
supervised the daily activities of two
general maintenance foremen and eight
maintenance crews.

1973"1974 Results Engineer - Brunner Island Steam
Electric Station
Pennsylvania Power and Light Company

Duties: Responsibilities associated with assuring
that optimum operating performance was
attained. This included direct
supervision of three office clerks who
tabulated plant operating data to compute
boiler/turbine efficiences and three coal
samplers who continuously sampled coal
received for lab analysis and subsequent
-heat rate calculations. This position
was also titled "Fuels Coordinator" which
involved coordinating coal rail shipments
with the company's central Coal Bureau
and evaluating coal quality as to
slagging characteristics and heating
value. It also involved direct
supervision of coal yard foremen and
daily yard coal handling
operating/maintenance procedures.

1971-1973 Engineer-Maintenance - Brunner Island
Steam Electric Station
Pennsylvania Power and light Company

Duties: Responsible for maintenance planning and
coordination of scheduled unit outages
and forced outages on all three units at
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Brunner Island. Included close contact
with equipment manufacturers on
maintenance procedures, preparation of
sub-contracts to the company's
Construction Dept. and outside
contractors, and preparation of a
complete maintenance memorandum
displaying all work to be done during a
scheduled unit outage. Responsible for
turbine generator spare parts inventory
and the performance/testing of entire
turbine hydraulic/mechanical control
systems.

LICENSES AND CERTIFICATES:

None
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HEALTH PHYSICS SUPERVISOR

/
See'able 13.1-2
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The Training Prograa 'for the Susquehanna Stean Blecbric Station
is fornulated to develop and aaintain an organixation qualified
to assune the responsibility for operation, maintenance, and
technical considerations for the facility. Xn order to
accomplish these obgectives and to provide the necessary control
of the overall plan, three separate training prograns listed
helot are utilized:

a Initial Plant Staff Training Progran

b Requalification Training Prograa, and

c. Replacement Training

The Initial Plant Staff Training Program is designed to produce
competent, trained personnel at all levels of tge plant
organization The programs are designed to allos placement of
personnel into specific levels based on employee experience and
intended position.

The Requalification Training Program provides continuing training
for plant personnel commensurate with their area of
responsibility.
The Replacement Training Program is designed to supply qualified
personnel for the station organization.

The Superintendent of Plant nay waive portions of the training
program for individuals based on their previous experience and/or
qualifications.

13 2~1'1. 3 i 'al Plan Staff Tnalnln

Figure 13. 2-1 shoes the present schedule for the various Initial
Plant Training Programs. Should significant differences or
changes occur in those courses not yet conducted, the appropriate
course outline and description vi11 be revised Py amendment.



This progran is designed for individuals who are to assume
responsibility fox the licensed aqd non license}d operator
positions and fuM'ills the general reguironento and
qualifications set forth in 4QSK .01I8 )-1974 Rhe program is
structured to allow peraonnol,og varyimg euparienco and oducatioa
to enter tbu Cold LiccnaLqg, Bred.phag,Progran sit mxhouo

1ivels'ndstill fulfilltho eligif4litj roguironanta for QQC,cold
licensing priox to fuel Xoa@kcg

The progran is desigued for cold licouse candidates arith no
formal poaer plant emparionce ox traioiag Tho pxegran is
divided into seven phaae0 to ensure..'yraipor adaiokcCration,
docunentation~ and coaplotenoss of trNekpg»

o Phase I - Conventional Pomr Plant Operator Experience
Prograo

o. Phase. II - hcadoaic Progran for Uuclear Power Plant
Peroounel

o Phase IIX - Basic BUG &ichnology

o Phase IV — BUR Siaulator Qraiaing

o. phase V — Bm Ohcervatioa.~Zrakning

o. Phase VI — System, ProceOures and On-She-deb Training

o. Phase VII - BBB Bofreahor Prainimg

Those plant control operator license candidates with no pover
plant experience will participate and qualify ia all seven
phases, while those with ..oulp a conventional power plant
background will participate and qualify in Phases XI through VIX
Operators, and other staff nenbers, who will be cold licensed
with a nuclear background and/or related acadenic os techmical
training will participate and qualify in selected portions of
phases IX through VI and all of Phase VXX The extent of their
participation in Phases IX through VX will be based on their
background and docuaented in station traiaing xecords
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o 'hase I — Conventional Poser Plant Experience~Pro ras

The Conventional Power Plant Experience Phase of the Susquehanna
SES 'Traininq Proqram is designed to provide power plant
experience to those license candidates who lack the minimum power
plant experience requirements. This experience will be provided
prior to the start of the formal License Training Program {Phases
II-VII), so that by the time of the Nuclear Regulatory Commission
Licensing Examination, the candidate will have had two years of
power plant experience of which a minimum of one year will have
been nuclear power plant experience. This program is
approximately one year in duration and includes supervised on-
the-job training in major operator positions (excluding fossil
boiler related positions) at a PPGL conventional power plant.
Also included in the one year experience program are
approximately ten weeks of formal classroom training which
includes but is not limited to the followinq areas:

Basic Power Plant Operation.

Steam Turbine Fundamentals

Power Plant Mathematics

Basic Thermodynamics and Fluid Mechanics

Plant Cycle and Plant Performance

Basic Electrical and Plant Instrumentation

Basic Print Reading

Basic Hater Chemistry

Introduction to Nuclear Power and Nuclear Plant Systems

o Phase II - Academic Pro ram for Nuclear Power Plant Personnel

This course is conducted by the General Physics Corporation of
Columbia, Maryland. It is desiqned to refresh basic courses
received in high school and to acguaint those personnel, withlittle or no nuclear background, with nuclear phenomenon and the"
BHR concept as they apply to practical reactor technology. The
course material and the approximate number of classroom hours
allotted to each major topic are as follows:
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Subject Classroom Hours

First Seqment — Mathematics and Classical Physics

Review of Introductory Mathematics
Exponents and Loqarithms
Algebra
Geometry and Trigonometry
Mathematics of Dynamic Systems
Classical Physics

200

16
36
64
24
20
40

Second Segment - Physics 200

Atomic Physics
Nuclear Physics
Reactor Coze Physics
Reactor Operations

24
60
68
48

Third Segment — Related Technologies 200

Introduction to Nuclear Power Plant Systems
Chemistry
Health Physics
Fundamentals of Electricity and Electronics
Nuclear Instrumentation

28
28
56
48
40

Fourth Segment — Nuclear Power Plant Technology 200

Theory and Application of Nuclear Power
Plant Systems
Physics Review
Overall Nuclear Power Plant Operations

88
56
56
800

Cold license applicants, with no previous nuclear experience, will
be assigned to a Research Reactor Training Course conducted by
the Pennsylvania State University. This 2-week, course gives the
student actual hands-on experience with an open pool nuclear
reactor and allows the cold license applicant to obtain at least
the minimum of 10 reactor startups necessary to establish cold
license eliqibility requirements. The course includes, but is
not limited to, the followinq subject material=

o Reactor Operations

o Fuel Handling

o Flux Mapping

o Normal Reactor Operation
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o Instrumentation Effects

o Control Rod Calibration

o Laboratory Demonstrations, and

o Control Transient Effects

o Phase III — Basic BMR Technology

The Basic BMR Technology course is designed to impart the details
of the BMR nuclear steam supply system to the operator trainees.

The course consists of approximately 5 weeks of classroom lecture
on BWR nuclear steam supply system components, fuel description,
thermal-hydraulics, radiation monitoring and nuclear
instrumentation system operations. Important interfaces with the
balance of plant systems are also taught.

The lectures are presented by GE BMR Training personnel using
conventional classroom techniques. Classes are scheduled for
approxmately 7 hours per day and suggested study assignments are
normally made daily. Progress is measured by weekly written and.
final comprehensive examinations.

It is anticipated that the course material covered will be as
follows.

Schedule changes and adjustments to course content will be made
as necessary to meet the particular needs of the students

Meek 1

Introduction to Course
Plant 0rientation
Reactor Principles Review
Reactor Vessel and Internals
BMR Thermal Hydraulics Review
Fuel Description
Nuclear Boiler Instrumentation

Meek 2

Examination 1

Control Rod Drive Mechanism
Control Rod Drive Hydraulic System
Rod Control aad Information System
Rod Pattern Control System
Recirculation System
Recirculation Flow Control System
Reactor Mater Cleanup System
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Source Range Monitorinq System
Intermediate Range Monitoring System
Local Power Range Monitoring System
Average Power Ranqe Monitorinq System

Meek 3

Examination 2
Traversing In-Core Probe System
Main Steam System
Reactor Pressure Control (Electro-Hydraulic Control)
Peedwater Control System
Reactor Protection
Containment and Related Systems
Introduction to Radwaste Systems (Off Gas,
Liquid and Solid Radwaste)

Meek

Examination 3
Introduction to Electrical Distribution
Reactor Core Isolation System
Introduction to Emergency Core Cooling System
High Pressure Core Spray System
Auto Depressurization System
Low Pressure Core Spray
Residual Heat Removal System and Hot Standby Operation
Emergency Core Cooling Systems Integrated Response
Standby Liquid Control System
Process Radiation Monitoring
Area Radiation Monitoring

Meek 5

Examination 4
Performance Monitoring System
BWR Materials
BMR Chemistry
Fuel Pool Cooling System
Reactor Refuelinq
Plant Operations
Transient Analysis
Review

Pinal Examination
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o phase Xs — ass sinn]ates ~Trainin

The BMR simulator course is taught at the General Electric BMR

Traininq Center Morris, Illinois, and is designed to provide the
operator trainee with the skills necessary to safely operate a
large Boiling Water Reactor power plant.

The course consists of approximately 12 seeks of classroom
lectures, simulator control room exercises, and in-plant oral
seminars. This combination of instructional techniques affords
the optimum mixture for successful skill training. The final
examination consists of written, control room performance, and
plant oral examinations.

Lectures and exercises are presented and guided by qualified, GE

BMR Traininq Personnel. Classroom lectures are scheduled for
approximately 8 teaching hours per day. Suggested reading and
study assignments are made daily; written examinations are given
weekly to monitor progress. In addition, at approximately the
mid-point of the course, oral examinations are given to monitor
the proqress of each student 's skill acquisition. The control
room portion of the course is normally accomplished on night
shifts of 8 hours . Pour hours are spent in the simulator
control room (total approximately 112 hours} with exercises and
demonstrations guided by the licensed instructor. The other 4
hours are devoted to oral seminars . Each student rotates to
appropriate control room operating positions, 'including shift
supervisor so that all personnel have equal opportunity to
perform plant evolutions from each operating position.

The following is an anticipated week-by-seek schedule of the
course. Schedule changes and adjustments to course content sill
be made as necessary to meet the particular needs of the
students.

Meek 1

Introduction to the BMR Training Center
Reactor Vessel and Internals
Reactor .Puel
Nuclear Boiler Instrumentation
Control Rod Drive Mechanism
Control Rod Drive Hydraulics
Reactor Manual Control
Recirculation System
Recirculation Plow Control
Reactor Water Cleanup System
Shutdown Cooling and Head Spray
Source Range Monitoring (SRM)
Intermediate Range Monitoring (IRM)
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Local Power Range Monitoring (LPRM)
Averaqe Power Range Monitoring {APRM)
Rod Block Monitor

Reek 2

Week l Examination
Traversing 'In-Core Probe (TIP)
Rod Worth Minimizer (RWM)
Main Steam
Turbine and Lube Oil System
Electro-Hydraulic Control System (EHC)
EHC Pressure Control and 1.ogic
Condensate and Feedwater
Feedwater Control
Circulating Mater
Generator and Auxiliaries
Generator Excitation
AC Electrical Distribution
Diesel Generators and DC Electrical Distribution
Reactor Protection System {RPS)
Primary and Secondary Containment

Week 3

Week 2 Examination
Fuel Pool Cooling and Cleanup
Off Gas System
Liquid Radwaste
Water Systems
Isolation Condenser
Introduction to Emergency Core Cooling System (ECCS)
Hiqh Pressure Coolant Injection (HPCI)
Automatic Depressurization System (ADS)
Low Pressure Coolant Injection(LPCI)
Core Spray
Emerqency Core Coolinq System Integrated ResPonse
Standby Liquid Control
Process Radiation Monitoring
Area Radiation Monitorinq
Reactor Physics Review

Week 4

Pre-Start and Functional Checks
Reactor Startups
Heatups
Manipulation of Auxiliary Systems
Power Changes in the Intermediate Range
Surveillance Testing
Transfer to Run Mode
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Turbine Warmup and Roll

Meek 5

Reactor Heatup and Transfer to Run Mode
Turbine Roll
Generator Synchronization and Loading
Surveillance Testinq
Continued Loading to 100% Power
Operations at Full Power
Transient Analysis
Quiz 1

Naneuvering by Plow Control
Reactor Shutdown
Discussion on Decay Heat Operation and Removal
Plant Problems
Drills on Abnormal and Emergency Conditions

Week 6

Pre-Startup and Punctional Checks
Reactor Startups and Heatups
Manipulation of Auxiliary Systems
Plant Problems
Drills on Abnormal and Emergency Conditions
Power Changes in the Intermediate Range
Surveillance Testing
Transfer to Run Node
Turbine Warmup and Roll
Operator Synchronization and Loading
Quiz 2
Mid-Course Performance Examination

Week 7

Technical Specificatons Bases Review
Review Certification Exam Format and Content
Physics Problem Solving
Nid-Course Control Room Checks
Solid Radwaste
Health Physics Review
BMR Chemistry
Thermal-Hydraulics
Process Computer
Circuit Breaker Control
Puel Handling and Fuel Loading Physics
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Meek 8

Steady-State Operation at 50$ Load
Surveillance Testing
Increase to Full Load
Drills on Abnormal and Emergency Conditions
Operations at Full Power
Maneuvering by Flow Control
Begin Reactor Shutdown
Reactor Shutdown and Cooldown
Flooding of Reactor Vessel
Plant Problems
Reactor Startups and Heatups
Scram and Scram Recoveries

Week 9

Operation at Full Load
Drills in -Abnormal and Emergency Conditions
Shutdown to Hot Standby
Quiz 3
Plant Startup from Hot Standby to Full Power
Reactor Heatup
Generator Synchronization and Loading

Week 10

Operation at 50% Load
Scrams and Scram Becoveries
Surveillance Testing
Operation at Full Power
Drills
Individual Student Operations
Quiz 4
Transient Analysis Review

Meek 11

Review and Study
Reactor Operator Certification Examination

Meek 12

Control Boom and Dresden Plant Oral Examination
Control Boom Performance Demonstration
Senior Reactor Operator Certification Examination
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o Phase. V — 388 Observation Trainin

BWR observation training is designed to acquaint the operator
trainee with the day-to-day routine of an operating BWR. This
will involve exposure to plant operating and maintenance
evolutions, station record keeping, and procedures.

The course consists of approximately 4 weeks of guided
observation of an operating BWR. All observation is conducted
under the guidance of an experienced GE training personnel.

The course is structured to provide experience in various aspects
of plant operation. The flexibility is achieved by allowing the
course director to adjust the group schedule to fit important
plant evolutions. Daily work and observational assignments are
made at the beginning of each work day.

The following are weekly highlights of a typical BRR observation
schedule:

Week 1

Plant Evacuation Procedures/Station Emergency Plan
Health Physics Procedures
Electrical Distribution
Reactor Instrumentation
Control Rods and Hydraulic Drive System
Recirc MG set, support systems, and controls
Main Steam System Controls and Instrumentation
Residual Heat Removal System — All Modes

Reek 2

Turbine EHC System, and Turbine Support Systems
Generator, Generator Excitation, and Generator Support Systems
Turbine and Reactor Building Closed Cooling Mater System
Circulating and Service Mater Systems
Pire Protection Systems
Core Spray System

Week 3

High Pressure Coolant Injection System
Reactor Core Isolation Cooling System
Reactor Protection MG sets
Automatic Depressurazation System
Traversing In-core Probe System
Neutron Monitoring and Associated Control Systems
Radioactive Waste Handling Equipment and Procedures
Performance of Routing Plant Equipment Checks
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Meek 4

Instrument and Service Air Systems
Process and Area Radiation Monitoring Systems
Fuel Pool Cooling System
Standby Liquid Control System
Plant Performance Logs
Observance of Routine Plant and/or Surveillance Procedures

In Progress
Review
Final Exam and Malk-Through

n Phaaa VI — S~YS1'sa PROCEDURES anE OR-EEE-JOB IRRIEIEG

The systems, procedures, and on-the- job training phase will be
approximately 20 weeks in length of which a minimum of 8 weeksvill be class room instruction. However, the weeks may not be
scheduled consecutively due to plant testing and work load
considerations. This phase will provide cold license candidates
with an in-depth study of Susquehanna SES systems and equipment;
nuclear characteristics; and Normal, Abnormal, Emergency and
Administrative Procedures and Technical Specifications. Further
operational training is accomplished as components, systems, or
parts of systems are checked, tested, and placed in routine
operation to provide necessary auxiliary support for other
systems.

Instructors for the various Phase VX lectures vill be supplied by
the Susquehanna staff, other PPSL organizations, vendors or
consultants. Selections of the particular individual to conduct
a specific training lecture vill be based upon individual
availability and knovledge of the subject matter involved.

o Phase VIX « BMR Pre-License Refresher Training

By the time an applicant for the NBC's Senior Reactor Operator or
Reactor Operator License completes their training, a time span of
about 3 years vill have elapsed. Because of the long lead time
required for these training programs a Pre-licensing Refresher
Course vill be conducted. This course will be approximately 2-4
veeks in duration and vill be scheduled to end about 3 months
before initial fuel loading. The course vill be presented by
PNL emplovees or an outside organization. An examination vill
be given at the end of the refresher training.
The course vill consist of, but not be limited to:

a. Theory and principles of operation

b. General and specific plant operating characteristics

33a2 12
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c

d

e.

Plant instrumentation and control systems

Plant protection systems

Normal, abnormal, and emerqency operating procedures

Radiation control and safety

ge Technical Specif ications

Applicable portions of Title 10 Chapter 1 Code of
Federal Regulations

The program is desiqned for non-licensed operators and is divided
into three phases which provide a logical progression from the
entry level to final job qualification.

o. Phase I — Academic Training

o. Phase XZ — Susquehanna SES System Lectures

o. Phase XII — Susquehanna SES System Qualification

This training is progressive and candidates for non-licensed
positions must successfully complete the training appropriate to
their assiqned job. Phase I may be exempted by passing a written
exam.

o Phase I: The course consists of basic training in Nuclear
Power Plant Fundamentals. The program is about 160 hours
long and consists of classroom training or equivalent. self-
study time. The areas to be covered will include such
subjects as math chemistry, atomic and nuclear physics,
health physics, nuclear instrumentation and reactor
operations Progress is measured by periodic quizzes and
examinations.

o Phase IZ — The phase consists of basic lectures on
Susquehanna SES systems and covers, as applicable, the
following areas of each system:

General System Description
Major Components and Flow Paths
Instruments and Controls
Alarms and Trips
Power Feeds
Operatinq and Emergency Procedures
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The phase vill be approximately 4 weeks in length and during
each veek„approximately 80% of the time vill be spent in
class and the remaining 20% vill be spent in the plant
tracing systems. There will be weekly quizzes and a final
exam at the end of the course.

o Phase III — This phase must be completed by operators on
the systems for which they are responsible. This phase will take
about 10 veeks 'to complete. Hovever, the l0 weeks may not be
consecutive due to work-load considerations Operators vill be
checked out on each system to assure they can operate these
systems under normal abnormal, and emergency situations. The
check out wil'1 consist of an oral and/or vritten test on each
system.

13 2 l. 1. 3 Maintenance Section Tra~inin Pr~orae

The Supervisor of Maintenance vill receive training Level III
Health Physics training as described in Subsection 12 5.3 7,
selected training in plant systems operation and specialized
vendor training on specific plant equipment.

Zoremen will receive additional experience on-the-job during the
preoperational test program through the supervision of
maintenance activities.
Station Mechanics and Leaders for the initial plant staff will
generally be selected from other PPSL facilities and vill have
practical experience in one or more crafts, and vill throughtheir previous experience and/or selection testing demonstrate a
high degree of manual dexterity and capability of learning and
applying the basic skills in maintenance operations.

Maintenance personnel will receive on-the-job training during the
preoperational test program by performing maintenance activities.
Selected personnel will receive'specialized vendor training on
specific equipment or skills such as control rod drive repair and
veldi nq.

Maintenance personnel requiring access to Radiation Work Permit
Areas will receive Level II Health Physics training as described
in Subsection 12.5.3.7.

13. 2-14
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13.2~ 1.1 4 Technical Section Trainin Program

The objective of the initial training program of the Technical
Section is to provide competent personnel to support in the safe,
efficient operation of the Susquehanna SES.

Selected supervisory and professional/technical personnel vill
attend GE's Design Orientation courses (or other formal
instruction with a similar intent} to familiarize them with the
design principles of a BMR The major topics covered vill
include BMR components, core design, thermal-hydraulics, process
and nuclear instrumentation design and operation and auxiliary
systems..

13~2.4.4.4 1-= Chemist +e sonnel.

By initial fuel loading, in addition to those courses described
in Subsection 13.2.1.'l.4, selected chemistry supervisory
personnel will receive specialized training through a course
such as «BMR Chemistry« offered by GE. The course enables
students to complete both 'radiological and chemical aaalyses for
process control, vaste disposal, effluent monitoring, process and
laboratory instrument calibration and evaluation. The course
also covers compliance .with and interpretation of chemical and
radiochemical aspects of the technical specifications, licenses
and plant varranties.
The Chemistry Leaders and Chemistry Analysts vill receive in-
house training as developed by supervisory chemistry or other
appropriate personnel, covering topics similar to those. in the
»BMR Chemi'stry" course. As appropriate, they may .also attend
vendor-sponsored training sessions to assure understanding and
proper operation of laboratory instruments., Progress will be
measured through oral and/or written examinations.

13.2 1 1 n.2- -1nstrnnentetion--S Control pe sonnel

By initial fuel loading, in addition to those courses described
in Subsection 13.2.1.1.4, appropriate ISC supervisory personn'el
and selected ISC technicians vill attend the GE «Nuclear
Xnstrumentation» and «Process Instrumentation and Controls"
courses or other formal instruction with similar intent.
The "Nuclear Instrumentation«course is broken into classroom and
laboratory phases. The classroom phase covers the theory of
operation and eguipment demonstrations for the GE BMR nuclear~
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process and area radiation monitoring, control rod position
information, reactor protection and traversing incore probe
systems. The laboratory phase teaches detailed circuitry study,
setup, calibration, testing, maintenance and repair for the
various components of these systems and where possible for the
overall system.

The "Process Instrumentation and Control" course teaches the
theory of operation, setup, calibration, testing, maintenance and
repair techniques for the basic instrumentat."on and,control loop
components for the GE BWR. Components to be covered include
level, temperature, electrical properties, movement, chemical
properties, sensing devices, transmitters, power supplies, signal
conditioning modules an& controllers. Primary instcument control
loops will also be studied.

ISC technicians will also receive training covering topics such
as AC/DC circuit fundamentals, transistor circuits, solid state
devices and operational amplifiers and including "hands-on"
experience with electrical and electronic circuits and
components. As necessary, ISC personnel will attend courses
offered by equipment vendors on various plant components.

Progress will be measured through oral and/or written
examinations.

13.2.1.1 4 3 Reactor E~n ineering Personnel

By initial fuel loading, in addition to the courses described in
Subsection 13.2. 1. 1.4, selected Reactor Engineer'ing personnelwill receive training through a course such as GE's "Station
Nuclear Engineering». The course covers topics like reactor
behavior, control rods, shutdown margins, technical
specifications and Puel Warranty Operation Provisions, core flow
and thermal limit calculations, fuel failure and PCIOHR and water
chemistry among others.

Progress will be measured through oral and/or written
examinations.

Selected Health Physics supervisory personnel will receive
specialiezed professional training in a course such as
"Radiological Engineering" offered by GE or equivalent.

Rev. 12, 9/79 13. 2-16
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Health Physics Monitor Training Program is described in
Subsection 12.5.3.7

All permanent plant personnel granted unescorted vital area
access at the station vill be trained in the following areas:

Appropriate plans and procedures, including applicable
plant security and emergency procedures.

2. Badiological Health and Safety in accordance vith
Subsection 12 5 3 7

3. Industrial Safety.

Pire Protection Program.

5. Quality Assurance Program.

This training vill be the responsibility of the Plant Training
Supervisor and vill be repeated on a tvo-year cycle. Personnelvill be examined in the above areas to determine the
effectiveness of general employee training.
Temporary Maintenance and Service personnel will be trained in
the areas listed to the extent necessary to assure safe execution
of their duties.

13.2. 1 1 7 Pire Safet Traini~n

The object of the fire safety training program is to provide
training for the plant fire brigade, training for maintenance and
inspection of fire protection equipment and training for the fire
protection staff.
13 2 1 1.7.1 Fire Brigade Training

In addition to general employee training, individuals assigned to
fire fighting duties will receive training in order tha t an
effective fire fighting brigade vill be available for fire
emergencies. PIre brigade tra.ining sessions will be held, a
minimum of four times per year, with the basic program being
repeated every tvo years. Training will be a blend of classroom
sessions, practice sessions and fire fighting drills. Fire
brigade members vill receive instruction on fixed and portable
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fire fighhting equipment, fire protection measures of other plant
features and will be trained in hands on experience with fire
fighting equipment and techniques. The local fire departments
will be invited and encouraged to participate in at least one
training session per year.

13 2.1 1 7 2 're P otection Staff and Training

No training program is planned for the off site fire protection
engineer. The position description requires that the incumbent
be a qualified fire protection engineer with suitable background
experience to meet. the job requirements= I ma jor part of the on
site fire protection engineer's training sill be on the job
training and informal discussions with the off site fire
protection engineer. This training sill be augmented by vendor
training schools and state fire fighting schools as necessary to
carry out the job responsibilities. The on site fire protection
engineer will have the responsibility of training or arranging
for the training of fire brigade personnel, on site fire
department training and training of personnel in charge of the
maintenance of fire detection and fire suppression systems

Figure 13.2-1 illustrates the relationship of the Plant Staff
Training to preoperational testing and, fuel loading.

13 2 2 ~BE UNLIFICKTIOH NND REPLNCEMENT TRAINIHG

The Requalification Program for licensed and senior licensed
individuals will be established and ready for implementation no
later than 3 months following issuance of the station operating
1ice nse

REV. 1 8/78 13 2- 17a
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'the Bequalification Program is based on a tvo {2) year cycle and
vill be followed by successive tvo {2) year programs that vill
meet or exceed the requirements set forth in 10CFB55 Appendix l.

3 . 1 1 e lanned Lectu e Se ies

The requalification program vill include preplanned lectures on a
regular and continuing basis throughout the license period.
Annual operator and senior operator written examination results
will indicate the scope and depth needed in the following
subjects:

a. Theory and principals of operations.

b. General and specific plant operating
characteristics.

c. Plant instrumentation and control systems

d Plant Protection Systems.

.,e Normal ,abnormal, and emergency. operating
procedures.

f.'adiation control and safety.
I

g Technical specifications.
r ~

*
h

4

h. Applicable po'rtions of Title 10, Chapter 1 Code of
Pe'der al Re g u la t ions.

The lectures are presented or dir'ected by a meiber of the station
staff or a designated SBO/RO licensee vith outside assistance
scheduled as desired or as necessary. The selective use of
films, videotapes, and individual study material are utilized to
supplement the lectures. Videotapes or film presentations vill
not be used, for more than 50% of the lecture serj.es. 1 minimum
of 60 hours. of le'ctuqes are scheduled annually, with the
lectures spread reasonably throughout the year. Lectures may be
deferred due to unanticipated station operating requirements;
hovever, these lectures vill be rescheduled for a later date
within that requalification cycle.

I

The on the job training portion of the requalification program
vill'-be covered under five segments.
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13.g 2.1 2 1 Plan< Evolutions

Durinq the two year license period, each operator is required to
manipulate facility controls through at least ten reactivity
chanqes and each senior operator is required,to manipulate or
direct the manipulation of controls through a like number of
reactivity manipulations from the applicable unit categories
listed below The evolutions will be a combination of
manipulations distributed among various categories consistent
with plant and personnel scheduling requirements, and will be
selected from at least, three cazegories. Staff members,
includinq. Shift Supervisors, will be encouraged to periodically
take part in hands on control of plant systems.

The followinq are the unit categories:

1. Plant or reactor startup to include a range such that
reactivity feedback from heat is noticeable

2. Plant shutdowns

3. Control rod sequence changes

4. Shutdown margin checks

5 Control rod scram insertion time tests

6. Any manual reactor power change of greater than .. or
equal to 10%

7. Plant and reactor operation that involves emergency or
transient procedures where reactivity is changing

8. Refueling operations where fuel is moved in the core.

Completion of these items will be documented in the individual's
traininq records. Should an individual fail to complete ten
evolutions, completion may be met throuqh simulator training
described in Subsection 13 2.2. 1.2. 5.

13 2.2.1.2.2 Design, Procedure, and Facility License
C~han e Review

This segment of the program will ensure that all changes or
revisions to the license document, i.e., Operating Technical
Specifications and Environmental Technical Specifications are
reviewed. It further ensures that significant changes to

13 2-19
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procedures and completed facility design changes will also be
re vie ved.

When determined by the Supervisor of Operations and/or Plant
Traininq Supervisor that a procedure revision or completedfacility design chanqe may effect the operations of the plant, itis then included as part of the review process.

The requirements of this program'ill be met by placing a copy of
the chanqe or revision, along with a Document Acknowledgement
Sheet in the review notebook maintained in the control room.
Periodically each license holder vill reviev the" contents of the
notebook and upon completinq the reviev will acknovledge, by
signature and date, his understanding of the change. A file of
completed Document Acknowledgement sheets vill be maintained as a
record of program compliance.

Chanqes that require immediate operator notification i.e.,
interim changes vill be covered by night orders to the shift
supervisor or during an operations department meeting followed up
by a document acknovledgement under this proqram.

13,2 2 1 2 3 ~Reer ency Procedure Revi.ev

In order to ensure a continuing awareness of the action and
responses necessary during abnormal and emergency situations each
licensed individual vill review the contents of all emergency
procedures annually. To gain additional shift continuity in the
overall response to these emergency situations an on-shift
discussion is encouraged.

13. g,2. 1 2. 4 ~Oerator Proficienc~ Evaluation

At least once'er year during the term of an individual's
license. he will be observed and formally evaluated vhile
respondinq to actual or simulated casualties In the case of
simulated casualties, a hypothetical situation would be presented
followed by a discussion of plant and operator response. Actual
manipulation of plant controls is not required. A poor
performance on tvo or more evaluations where 33poor" is defined as
not being able to competently and expeditiously perform the
specified evolution vill result in a Performance Review as
specified in Subsection 13.2.2. 1. 4. All evaluations will be
critiqued with'he individual concerned and filed in the
individual's'training records.
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13 2. 2. 1. 2. 5 Simulator Train~in

When necessary to fulfillthe requirements of 10CPR55, App. A,
and in particular to meet the retraining requirements specified
in Subsections 13. 2 2.1.2. 1 and 13.2.2. 1.2. 4 each license holder
may be required to attend an NRC approved simulator
requalification program. The controls and characteristics of the
simulator will reasonably approximate those of the facility for
which the operator license is held. Approved simulator programs
generally consist of intensive training emphasizing those
evolutions, transients and casualties. not normally experienced
during routine power plant operation. Job responsibilities will
be rotated such that each individual has an equal opportunity to
manipulate plant controls as well as to direct responses to plant
conditions. This training program will include conditions and
parameters used in casualty evaluation as well as the actions to
be followed for corrective action. A forma'l evaluation will be
prepared concerning each individual's performance during the
simulator training. The evaluation will be critiqued with the
operator emphasizing any weak areas. Simulator evaluation sheets
will be filed in the individual s tra ining folder.

13. 2. 2. l. 3 Annual Exam

Each licensed individual shall be administered a comprehensive
examination which shall parallel in content and degree of
difficulty an NRC licensing exam. The exam will be graded by
category. Individuals scoring 80% or greater on a particular
category will he exempt from attending retraining lectures
covering that category. Any licensed operator with an average
exam score of less than. 70% shall be relieved of licensed
responsibilities and undergo a performance review in accordance
with Subsection 13 2. 2. 1. 4. Each license holders'raded exam
shall be retained as part of the training records. The results
of the exam will be used to evaluate past, and to aid in
deter mining future, retraining.
An individual who prepares, administers, or grades a written
examination need not take the examination. A maximum of three
licensed personnel may be exempted under this condition.

Retaining lectures may use training aids such as video tapes and
films in lieu of an instructor. However, no more than 50% of the
lectures may be substituted for by such aids.
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13.2.2.1 4 Performance Revi.ew Program

The Performance Review Program will be implemented when an
individual's performance falls below the minimum standards
specified. Specifically whenever any one of the following
situations occur the associated individual will undergo a
performance review.

a. An average annual exam score of less than 70%

b. "Poor" rating on operator proficiency evaluations

c. Prolonged absence from license responsibilities
The Superintendent of Plant, ~ Supervisor of Operations and Plant
Training Supervisor will meet to determine a course of action
necessary to upgrade the individual's performance to an
acceptable level. This review shall determine the minimum
requirements on an individual basis. The severity of the action
taken will be dependent on such factors as examination
performance, operating performance, observed operational and
theoretical understanding and judged overall operator competence.If there is doubt concerning the individual's ability to safely
operate the plant, he would be removed from licensed
responsibilities pending satisfactory completion of the program
specified by management review. When receiving less than 70%
overall average on the annual written examination, an oral
examination may be administered to determine whether or not an
individual may resume licensed duties. However, the individual
shall remain on the Performance Review Program until a score of
70'5 or better average is obtained on a written examination which
specifically covers those areas of the exam where the licensee
receives less than 70%. Nanagement will complete a performance
review summary which upon completion will be filed in the
individual~s training folder.

13.2.2. 1.5 Prolonged Absence from License Responsibilities

In the event a licensed individual is absent from the site for a
period of four months or longer, he will not be permitted to
resume operational responsibilities until .the following criteria
has been met:

The satisfactory completion of an upgrading program
determined under the provisions of SEction 13. 2. 2. 1. 4.

0

1. This program shall inclu'de as a minimum, the review
of any facility design, operating procedure or
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2.

license changes which have taken place during the
absentee period.

The individual must receive greater than 70% on a
written or satisfactory on an oral exam covering
the material in item 1 above. Qhen an oral exam is
used it shall be administered by the Supervisor of
Operations or designated Senior Licensee

b. This certification shall be documented in the
individuals training record.
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13.2.2.1.6 Record Retention

The Plant Training Supervisor will be responsible for maintaining
license holder requalification training records. Records of the
requalification program shall be maintained to document each
licensed operator's and senior operator's participation in the
requalification program. The records shall contain copies of
written examinations administered, the answers given by the
licensee, results of evaluations and documentation of any
additional training administered in areas in which an operator or
senior operator has exhibited deficiencies. Records shall be
ma'intained for the lifetime of the plant.

13.2.2.1.7 Licensed Staff Partici ation

Licensed staff personnel participate in the following areas of
the requalification program:

I'. Complete the annual written examination and participate
in the lecture series based on the results.

b. Manipulate the controls or supervise the manipulation of
controls through 10 reactivity changes.

C ~ Review day-to-day changes in the facility design
procedures, and technical specifications.

d. Review abnormal and emergency procedures annually.,

e. Are evaluated regarding actions to be taken during
simulated abnormal and emergency condition's by a walk-
through of the applicable procedure.

13.2.2.2 Refresher'rainin for Nonlicensed Personnel

As a minimum, all non-licensed personnel shall receive refresher
instruction on administrative, radiation protection, emergency
and security procedures once every two years.
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13.2.2 2. 1 Refresher Trainin<i for Nonlicensed Operators

Nonlicensed operators assigned on shift will participate in a
requalification program and be trained, tested, and evaluated on
a two year schedule.

13.2.2.2.2 Refresher Traininci foR Maintenance Personnel

A retraining program is provided for. maintenance personnel to
ensure that they remain proficient in their particular job.
Retraining in specific'areas is 'provided to the extent necessaryfor personnel to safely and efficiently carry out their assignedresponsibilities in accordance with established policies and
procedures.

Such training may consist of vendor presentations, technical
training sessions, on-the-job work experience or programmed
instruction. Naintenance personnel are evaluated on an annual
basis where individual needs for retraining will be identified.

13.2 2 2 3 Refresher Training for Technical Section Personnel

Refresher courses will be provided to maintain an individual's
level of expertise equal to or exceeding that required by his or
her job responsibilities.

13.2. 2.3 H~e lacement Training

Replacement training is designed to supply qualified personnel
for all levels of the plant organization. It is the policy of.
PPGL to promote qualified personnel into job vacancies from
candidates that are next in the line of promotion. Such
individuals will receive training appropriate to the new
position. Permanent replacement personnel procured from other
sources will meet or exceed the requirements of the vacant
position.
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13.2 2.3.1 RRC Licensed 0 crater 3~mincemeat

Through a system of required operator qualification steps,
personnel assigned as nonlicensed operators are provided training
that prepares them for eventual NRC licensed operator positions.
At such time as a need exists for replacement of licensed
operators, individual preparation in theory, systems, operating
procedures emergency procedures, and health physics is
conducted: Additionally, individual on-the-job training
involving manipulation of the nuclear reactor plant controls
durinq day-to-day operation, startups and shutdowns of the
reactor or appropriate reactor simulator, is conducted.

Progress is reviewed as the replacement moves through the
program. The review consists of periodic written and/or oral
examinations.

13 2 ~ 2.3.2 Non-licensed~oerator R~elacenent Vnainin~

Replacement training is designed to insure fully qualified
personnel for all levels of plant operation. To the extent
possible persons who have already achieved the level of training
required for a specific job will be advanced. In all cases the
requirements of Subsection 13.2.1.1.2.2 or equivalent will be
satisfied.

13. 2~2. 3 3 Maintenance Personnel R~elacement Training

Replacement training is designed to supply qualified personnel
for all levels of the Maintenance organization. It is the policy
of PPSL to promote qualified personnel into job vacancies for
candidates that are next in the line of promotion. Permanent
replacement personnel will meet or exceed the reguirements of the
vacant position by virtue of previous education and experience.
The Maintenance organization is specifically intended to provide
the opportunity for personnel in lower level jobs to receive on-
the-job-training that will prepare them for advancement.

The same quality of training provided .for the original staff will
be provided to personnel designated to fillvacancies in the
maintenance organization.
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13.2.2.3.4 Technical Section Personnel ~Re lacement Training

Replacement training is designed to assure fully qualified
person'nel for all levels of the, Technical Section. To the extent
possible, persons who have already achieved the level of training
required for a specific job will be advanced. In all cases the
requirements of Subsection 13e2. 1. 1. 4 or equivalent will be
satisfied.

13.2~4 Records

Training records are established for each permanent plant
employee. These records include, but are not limited to,
lecture/annual examination questions and answers, lecture
attendance records, performance evaluation records, and other
records as may be required to adequately document all training
received by station personnel.

Traininq records will be periodically reviewed in accordance with
station procedures to assess the effectiveness of the training
proqra m.

13.2 2.5 Responsible Individual

The Plant Training Supervisor is responsible for the
administration and conduct of the Susquehanna SES training
program.

13 2-26



SSES-FSAR

CHAPTER 14.0

INITIALTESTS PROGRAM

TABLE OF CONTENTS

14.1 SPECIFIC INFORMATION TO BE INCLUDED IN PRELIMINARY
SAFETY ANALYSIS REPORTS

~Pa e

14.1-1

14.2 SPECIFIC INFORMATION TO BE INCLUDED IN FINAL
SAFETY ANALYSIS REPORT

14.2-1

14 .2.1 Summary Of Test Program and Objectives

14.2.1.1 Preoperational Test Program
14.2.1.2 Startup Test Program

14.2.2 Organization and Staffing

14.2.2.1 Plant Staff
14 .2.2.2 Integrated Startup Group-

Organization and Responsibilities

14.2-1

14. 2-1
14;2-2

14.2-3

14.2-3
14.2-4

14.2.2.2.1
14 .2.2.2.2
14.2.2.2.3
14 .2.2'.2.4
14.2.2.2.5
14.2.2.2.6
14.2.2.2.7
14.2.2.2.8

ISG Supervisor
Assistant ISG Supervisor
ISG Coordinator
ISG Administrative Assistant
Group Leaders
NSSS Startup Site Representative
LSTG Site Representative
Responsibilities

14.2-5
14.2-5
14,2-5
14.2-6
14.2-6
14.2-6
14.2-6
14.2-7

14.2.2.3
14.2.2.4

14.2.3

Plant Operations Review Committee
Test Review Board

Test Procedures

14.2-8
14.2-8

14.2-8

14.2.3.1
14 .2.3.2

14.2.4

14.2.4.1
14.2.4.2
14.2.4.3
14.2.4.4
14 .2,4.5

14 .2.4.6

Procedure Preparation
Procedure Review and Approval

Conduct of Test Program

Test Performance
Test Prerequisites
Procedure Modifications
Design Problems
Control of Rework, Modifications,
and Repairs
Test Phase Prerequisites

14.2-9
14.2-9

14.2-10

14.2-11
14.2-12
14.2-12
14.2-13
14.2-14

14.2-14

REV 23 2/81 14-i '



SSES-FSAR

14.2.5 Review, Evaluation, and Approval of
Test Results

14. 2-15

14.2.5.1
14.2.5.2
14.2.5.3

Individual Test Results
Ma)or Test Phase — Test Results
Power Ascension Testing - Test
Results

14.2-15
14.2-16
14.2-16

14.2.6
14.2.7

14.2.8

14.2.9

14.2.10

14.2.11
14.2.12

Test Records
Conformance of Test Programs With
Regulatory Guides
Utilization of Reactor Operating and
Testing Experience In the Development
of The Test Program
Trial Use of Plant Operating
and Emergency Procedures
Initial Fuel Loading and Initial
Criticality
Test Program Schedule
Individual Test Descriptions

14.2-16
14.2-17

14.2-19

14.2-19

14.2-20

14.2-20
14.2-21

14 .2.12.1

14.2.12.2

14.2.12.3

Preoperational Test Procedure
Abstracts
Startup Test Program Procedure
Abstracts
Requested Acceptance Test Procedure
Abstracts

14. 2-21

14.2-57

14.2-95

I ~ — ~ ~

REV 23 2/81 14-ii



SS ES-"PS AR

l4 2 SPECIFIC INFORHATION TO,BE INCLUDED IN FINAL SAFETY
- -. - hELkXSXS-EXREK------

34m,X~X =SMMRX=QK=QRX "ZHRM5 MLQKKXQM-

As construction of systems/components is completed, the
construction organization relinguishes Jurisdictional control of
these systems/components through a formal turnover to PP5L..
Eventually all plant systems/components are turned over to PP5L.

The Initial Test Program encompasses the-scope of events that
commence with system/component turnover and terminate with the
completion of power ascension testing.. The Initial Test Program
is conducted in two separate and sequential subproqrams, the
Preoperational Test Program and the Startup Test Program. At the
conclusion of these subprograms the plant 'is ready for normal
power operation. Testinq durinq the Initial Test Program is
accomplished i.n five distinct and seguential phases:

a. Phase I — Component Inspection and Testing Phase

b. Phase II — Preoperational and Acceptance Testing Phase

c. Phase III — Initi.al Fuel. Loading Phase

d. ~ Phase IV — Initial Heatup and Low Power Testi.ng,Phase

e. Phase V — Power Ascension Test Phase

Phase I and Phase ZI are sequential on a system basis while
Phases III, IV and V are sequential on a plant basis.

+4~++~eo~e~atj~on 3. Tes+- ~Po gam-

The Preoperational Test Program is defi.ned as that part of the
Initial Test Program that commences with system/component
turnover and terminates with commencement of nuclear fuel
loading. ,The program is subdivided into two phases in which
plant equipment and systems are prepared for a higher degree of
ope'rability. The phases are:

1) Component Inspection and Testing Phase (Phase I)

2) Preoperational and Acceptance Test Phase (Phase II)
Component inspection and testing will insure that components and
equipment are calibrated and checked, construction work on a

particular system has been completed to the degree required and
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'he

system is initially operated and prepared for subsequent
testing. After component inspection and testing is complete on a
system, formal tests denoted as preoperational or acceptance
tests are conducted during the Preoperational and Acceptance Test

~Phase. The Preoperational tests demonstrate, to the extent
practicable, the capability of safety-related structures,
systems, and components to meet their safety-related performance
requirements. The completion of preoperational testing
constitutes completion of Phase II of .the Initial Test Program.,
Tests similar to preoperational tests denoted as acceptance tests
)Table 14.2-2) ~ may be conducted on ~ additional non= safety-related
structures, systems, and components to demonstrate their
capability to perform their nonsafety-related performance
requirements.

To the extent practicable, the obgectives of the Preoparational
Test Proqram are to:

a . Verify the adequacy of plant design

b Verify that
design.

pladh construction -is in accordance with

co Demonstrate proper system/component response to
anticipated transients and postulated accidents

d. Confirm the adequacy of plant operating and emergency
procedures

Familiarize plant staff operating, technical, and
maintenance personnel with plant'systems

14 2. 1.2 Startuo Test Proaram .

The Startup Test Program is defined as that part'f the Xnitial
Test Program that commences with the start of nuclear fuel
loadinq and terminates with 'the completion of power ascension
testing. Formal tests, denoted, as startup tests, are conducted
luring this proqram. These tests confirm the design bases and
demonstrate, to the extent practicable, that ~ the plant will
operate in accordance with design and is capable of responding as
designed to anticipated transients and postulated accidents.,
Startup testinq is sequenced such that the safety of the plant is
never totally dependent upon the performance of untested
structures, systems, or components.'he completion of startup
testing constitutes completion of Phases IXI, IV, and V of the
Xnitia 1 Test Program.
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The objectives of the Startup Test Program are to:
a. Accomplish a controlled, orderly, and safe initial core

loading

b. Accomplish .a controlled, orderly, and safe initialcriticality and heatup

ci Conduct low poser testing sufficient to ensure that
design parameters are satisfied anl safety analysis
assumptions are correct or conservative

Perform a controlled, orderly, anl safe poser ascension

14 2 2 -ORGANIZATION AND STAPFXNG.

The Superintendent of Plant — Susquehanna, has overall
responsibility for the Initial Test Program. The Plant Staff and
Integrated Startup Group (ISG):conduct the different phases of
the test program., In addition to these basic organizational
units the Superintendent of Plant — Susquehanna. is assisted by
two review organizations, the Plant Operations Review Committee
(PORC) and the Test Review Board (TRB) ., The organization,
authority, responsibility, and legr ee of participation 'of each of
these organizational units during the Initial Test Program are
described in the following sections'.

10,g )~~Plant~st ff

The Plant Staff consists of the permanent onsite PPSL personnel
responsible for the safe operation anl'proper maintenance of the
plant. Chapter 13 describes the Plant Staff organization. This
section also establishes responsibilities, reporting
relationships, and minimum qualification requirements for
principal Plant Staff supervisory personnel.

The Plant Staff is utilized, to the fullest extent practicable,
luring the Initial Test Program. Specific responsibilities of
the Plant Staff during the Initial Test Program are:

a Q

b

Co

Performing selected preventive and corrective
maintenance.

I

Operating plant equipment.

Calibrating instruments, meters.
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d. Performing chemical,and radiological inspections and
tests

e. Providing required replacement and spare parts
f. Providing operator, technician, and maintenance support

to the ISG

g. Ensuring that vendors, consultants, or other temporary
personnel assisting the Plant Staff work in accordance
with established project procedures,

h Confirming the adequacy of plant operating and
emergency procedures to the extent practicable.

i. Authorizing and ensuring proper documentation,
identification, and restoration of temporary
modifications made during the Startup Test Program.

Authorizing and monitoring rework, modification
testing and maintenance during the Startup Test
Proqra m.

k. Coordinating preparation, review and approval of
startup test procedures.

m. Coordinating
results.

l. Coord ina ting performance of startup testing.
review and approval of startup test

n . Planning and scheduling Startup Test Programactivities.

14~2.2 2. Integratecl Sfartgp Group -~romanization and pesponsibilities

The Inteqrated Startup Group fISG) is a temporary organizationalunit established to augment the Plant Staff during the Initial
Test Program. The ISG is comprised of individuals of various
organizations tBechtel, General Electric, PPGL, and others)..
Figure 14.2-1 shows the organizational structure of the ISG.. The
responsibility and qualification reguirements of principal ISG
supervisory personnel, the structure of the basic constituents
comprising the ISG, and the responsibilities delegated to the ISG
are described in the following sections.
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~4~~~~3. ISC - Sup~eyj so~

The ISG Supervisor has overall responsibility for supervisiag the
conduct of the ISG., The ISG Supervisor reports to the
Superintendent of Plant — Susquehanna on matters pertaining to
the Initial Test Program. The minimum qualifications for the ISG
Supervisor are one of the following:

Graduate of a four-year accredited engineering or
science college or university, plus five years of
experience in testing or operation (or both) of power
plants, nuclear facilities, or similar industrial
installations. At least two years of this experience
should be associated with nuclear facilities; or if
not, the individual shall have training sufficient to
acguaint him thoroughly with the safety aspects of a
nuclear facility.

b. High school graduate, plus ten years of experience in
testing or operation (or both) of power plants, nuclearfacilities, or similar industrial installations. Atleast two years of this experience should be associated
with nuclear facilities; or if not, the individual
shall have training suf ficient to acquaint him
thoroughly with the safety aspects of nuclearfacilities.

The Assistant ISG Supervisor performs a line function and reports
to the ISG Supervisor. The Assistant ISG Supervisor is
specifically responsible for supervision of Systems Group Leaders
and assumes the responsibilities of the ISG Supervisor in his
absence.

The minimum qualifications of the Assistant ISG Supervisor are
the same as the ISG Supervisor and are as described in Subsection
14. 2. 2.2. 1.

14~~22. 2 3 ISG Coordinator

The ISG Coordinator performs a staff function and reports to the
ISG Supervisor. The ISG Coordinator is responsible for
coordinating ISG interfacing activities with Plant Staff,
Construction and various project support organizations involved
in the Initial Test Program.
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The ISG Coordinator is responsible for all ISG administrative and
procurement activities, which includes tracking the development,
review, approval and revision of'll Preoperational and
Acceptance Test Procedures. This also includes the development,
review approval and revision of all ISG Startup Administrative
manual and Startup Technical Manual Procedures.

14~ 2 2 g 4 .ISG Adminis~tativeg~ss- stant

The ISG Administrative Assistant performs a staff function and
reports to the ISG Coordinator. The Administrative Assistant is
responsible for all administrative activities for documents
relating to ISG activities.

Group Leaders perform line functions and report to the Assistant
ISG Supervisor. Group Leaders are assigned a staff of System
Startup Engineers. Group Leaders have overall responsibility for
assigned systems.

The NSSS Startup Site Representative performs a staff function
reportinq to the Assistant ISG Supervisor during the
Preoperational Test Program and to the Superintendent of Plant
during the Startup Test program. The NSSS Startup Site
Representative is responsible for directing and coordinatingactivities of the GE field engineers assigned to him for the
conduct of test or surveillance activities on NSSS systems.

The Large Steam Turbine Generator (LSTG) Startup Engineer
performs a staff function and reports to the Assistant ISG
Supervisor during the Preoperational Test program and to the
Superintendent of Plant during the Startup Test Program. He is
the General Electric lead LSTG Startup Engineer and is
responsible for directing and coordinating activities of the GEfield enqineers assigned to him for conduct of test or
surveillance activities on GE supplied turbine-generator systems.
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Specific responsibilities of the ISG during the Initial Test
Program are:

a 0 Recommending acceptance or refection of
system/component turnover to PPSL

b Coordinating initial instrument, relay, and meter
calibration

ci Coordinating initial digital and analog control loop
checkout

d. Coordinating, initial equipment operation

e. Coordinating system cleanliness verification after
turnover

Ensuring that assigned vendors or other consultants
perform work in accordance with approved procedures

Authorizing and ensuring proper identification,
documentation and restoration of temporary
modifications made during the Preoperational'Test
Program (for selected systems/components this
responsibility may be assumed by the Plant Staff prior
to conclusion of the Preoperational Test Program)

h Documenting and reporting design problems identified
durinq the Initial Test Program until PPSL permanent
plant procedures are implemented to perform this
function, at which time this becomes a Plant Staff
responsibility. Implementation of permanent plant
procedures may be on a system, unit, or plant basis.

Documenting and reporting construction problemsidentified during the Initial Test Progran until PPGL
permanent plant procedures are implemented to performthis function, at which time this becomes a Plant Staff
responsibility. Implementation of permanent plant
procedures may be on a system, unit, or plant basis.

k-

Authorizinq and monitoring rework, modification, and
maintenance during the Preoperational Test Program (for
selected systems/components this responsibility may be
assumed .by the Plant Staff prior to conclusion of the
Preoperational Test Program) .

Coordinating preparation, review, and approval of
component and preoperational test procedures.
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performance .of component and
preoperational testing.
Coordinating review,and approval of component and
preoperational test results..

n. Planninq and scheduling Preoperational Test Programactivities.,
P

1~42 2~ ~ Plant Qpeg~ony gevjev-Committee

The Plant Operations Review Committee (PORC) consists of theindividuals assigned independent review .responsibility in
accordance with the reguirements of Chapter 13. The

,responsibilities, reporting relationships, and gualification
requirements of PORC members are also described in Chapter 13.
Durinq the Initial Test Program additional .responsibilities of
PORC include reviewing and recommending approval of'startup test
procedures prior to testing and reviewing and recommending
approval of startup test results following testing.,

The Test Review Board (TRB) is a temporary review organization
established specifically for the Preoperational Test Program.
Test Review Board members may consist of individuals of various
organizations (Bechtel, General Electric, PPSL', or others). The
Test Review Board is responsible for review of preoperationaltest procedures prior to testing and 'for review of preoperationaltest results after testing. The TRB recommends approval to the
Superintendent of Plant.

The Superintendent of Plant is resp'onsible for the assignment ofindividuals to the Test Review Board. These assignments may be
on a permanent or temporary basis. The.TRB Chairman is
responsible for the conduct of the TRB and reports directly to
the Superintendent of Plant The minimum'ualifications of the
TRB Chairman are the same as identified in Subsection 14.2.2 2. 1.

The Initial Test Program is conducted in accordance with detailed
component, preoperational, and startup test procedures. PPSL
maintains overall responsibility for test procedure preparation,
review, and approval. Th'ese activities are completed in a timely
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fashion to ensure that these procedures are suituble for HBC
review at least 60 days prior to their intended gqe

20

14~+~3- - Proced~u~e~rrat jon

Component test procedures are initially prepared by designated
orqanizatons (Bechtel, General Electric, PPSL or others) . The
.completed drafts are reviewed by -other cognizant organizations.
and approved by the ESG Supervisor.,

.,Preoperational and Startup test procedure drafts are initially
prepared by desiqnated organizations (Bechtel, General Electric,
PPSL, or others) =in accordance with .the standard format of
Fiqures 14.2-2A 8 B.. The completed drafts are then reviewed by
cognizant design organization representatives to ensure that test
procedure obgectives and acceptance criteria are consistent with
current design document requirements.. Review comments are
resolved between the writing organization and the cognizant
design organization representative.
The- following items are the responsibility of the ZSG for

~ -'component and preoperational test, procedures and the Plant Staff
for Startup test procedures=

a ~

b.

Ci

d

e.

Updating procedure references to latest revisions.
Verifyinq the procedure has been revised to incorporate
design changes.
Verifyinq procedure compatibility with field installation
of equipment.
Resolving comments on procedures received from TRB,
PORC or the Superintendent 'of Plant.
Evaluating reactor operating and testing experiences
as supplied by the Hanager-Huclear Support in the
development of the procedures

14 2,3~2 Procedure Review and~provag

Followinq initial preparation the component tests are reviewed by
cognizant organizations and sent back to the ISG for inclusion of
comments. The ISG Supervisor then approves the component test
procedures.

A

Following initial preparation, the Preoperational and Startup
test procedures are processed through a formal review and
approval cycle. The responsibility for coordinating this process
and for resolving review comments lies with the ISG Supervisor or
his desiqnee for preoperational tests and with the Technical
Supervisor or his designee for startup tests.

o
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Specific review responsibilities are as follows:
a. For preoperational and acceptance test procedures the

Test Review Board, under the direction of the TRB
Chairman, is'esponsible for:
1. Verifying procedure conformance with .the PSAR,

environmental technical specifications, and plant
operating technical specifications.

2. Ensuring technical adeguacy of procedures.

Recommending approval of test procedures.
f

J

The Test Review Board is responsible for review of
preoperational test procedures prior to testing
and for review of preoperati;ona l test results
after testing.

b Por the Startup Test Program .test procedures the Plant
Operations Review Committee, as described in Chapter 13
is responsible for:
1. Verifying procedure conformance with, the PSAR,

environmental technical specifications, and plant
operating technical specifications.

2

3

performing a nuclear safety review as required by
the plant technical specifications.
Ensuring technical adequacy of the procedures.

4. Recommending approval 'of test procedures.

Upon completion of review and, inclusion of required changes
preoperational and startup test procedures are submitted for
approval by the Superintendent of Plant.

14 2. 4- Conduct of Test Proaram

The administrative controls that govern conduct of the Plant
Staff and of the Integrated Startup Group during the Initial Test
Program are specified by administrative procedures. These
administrative procedures are PPGL controlled and'approved
documents. Administrative procedures define tasks to be
performed, prescribe methods, and assign responsibilities for
performing them.

The administrative procedures governing conduct of the integrated
Startup Group are contained in the Startup Administrative Manual
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which is approved by the Superintendent of Plant- These
procedures do not establish the administrative controls of other
Pro ject qroups or organizations except as they interface with the
Inteqrated Startup Group. The Startup Administrative Manual will
be approved for use prior to start of the Initial Test Program.
The administrative procedures governinq conduct of the Plant
Staff are as specified in Chapter 13.. The schedule for
preparation, review, and approval of these procedures is also
described in Chapter 13. This schedule provides sufficient time
for procedures to be available for use prior to the time they are
required to be implemented.

14 2.4 1 Test Performance

Preoperational and Startup testinq performed durinq the Initial
Test Program is in accordance with approved test procedures. The
method for preparing, reviewinq, and approving these test
procedures is detailed in Subsection 14.2.3. Prior to start of
testinq, a test director fs) is assigned to each procedure. The
test director(s) is the individual designated as being
responsible for coordinating test, performance. Test directors
for preoperational tests are assigned from the XSG or the Plant
Staff by the ISG Supervisor or his designee. Test directors for
startup tests are assigned by the Technical Supervisor or his
designee.

Specific responsibilities of the test director include but are
not limited to:

b.

Verifyinq test prezequisites aze complete and properly
documented, except as provided by Subsection 14.2.4.2

I

Ensuring that required test apparatus/equipment is
available and calibrated.

Ci Documentinq test performance on a single copy of the
procedure, denoted as the official test copy

d. Ensuring that test precautions are observed during
testing

e Adherinq to the detailed instructions of the approved
procedure, except as provided by Subsection 14.2. 4.3

Ensuzinq test personnel have been properly briefed

Documenting and reporting test exceptions

The plant operating staff is responsible for the safe and proper
operation of equipment during testinq Should an unsafe
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condition arise, the plant operating staff shall take whatever
action is necessary includiaq, but not limited tc, stopping the
test in crder to restore safe plant conditions. During startup
testinq, the plant operatinq staff is specifically responsible
for compliance with operating technical specifications, and
compliance with the provisions af the operating license.

14.2.4.2 'Ceyt Pregeguj,siges

Specific test pzerequisites are identified in each preoperational
test procedure. The test director verifies that each
prerequisite is completed and properly documented prior to
siqnoff in the official test ccpy of the procedure. If a
prerequisite in a precperational test cannot be satisfied, the
test director will institute a procedure modification- to the
Preoperational Test.

As a prerequisite to preoperaticnal testing, proper operation of
each alarm loop is verified and listed in an appendix to the
test. During the preoperational test, system parameters are
varied and interlocks are tested which cause alarms tc actuate.
Those alarms which are actuated during the course of the test
will be documented in the bcdy cf the preoperational test.

Tests are conducted in accordance with approved procedures. If
necessary, these procedures may be modified to complete testing.
Such procedure modifications axe documented on a test change
notice form. In addition to generation of a test change notice
form, the test director amrks up the official test copy of the
procedure and initials/dates the change.

Review and apprcval for test change notices on preoperational
test procedures is prcvided by the 'IRB.

Test chanqe notices for startup test procedures shall be
initialedgdated by an on-shift licensed senior operator in
addition to the test director. Review and approval for test
chanqe nctices on startup test prccedures is provided by the
PORC.

Preparation, review and approval activities are accomplished
befcre or after performance of associated testing based on the
followinq criteria:

a) Non-Intent Chanqes
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For procedure mcdifications that do not change
acceptance criteria and dc preserve the intent of the
test the test chanqe notice may be approved after
performance of associated testing.

b| Intent Changes

For procedure modifications that alter the acceptance
criteria or the intent of the test, the test change
notice is approved before performance of associated
testinq.

14.2. 4.4 Desian Problems

In the pxocess of checkout, initial operation, and preoperational
or startup testinq design problems may be encountered. Such
design problems are fcrmally dccumented and repor ted to
appropriate design orqanization representatives for "esolution.
Typical desiqn problems include:

a. Error or discrepancies in approved pro ject design
documents

b. Items that represent a potential hazard to personnel
safety

c. Proposed facility modifications to meet design
objectives

d. Failure of a tested system or component to satisfy
desiqn requirements cr'cceptance criteria.

e. Operatinq problems wbere cperation is in accordance
with desiqn requirements

Design response for all such reported items is mandatory. Should
the response require a facility mcdification, the appropriate

"design dccuments are revised and issued to the field. Subsequent
control cf the~e modificaticns i» described in Subsection
14. 2. 4 5.
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14,g,4,5 gogggog g f gewogk~ Jody fj,~~t'ns~gnd Repaints

A comprehensive listinq of outstanding work items is maintained
for each system durinq the Initial Test Proqram. Thi listing is
maintained to ensure that identified work is performed. Typical
listed wcrk items'include:

a. Incomplete or incorrect equipment installation
b. Equipment repairs (corrective maintenancej

c. Approved facility mcdifications

d. New or additional ccnstruction

This work is performed by the construction organization, the
plant maintenance staff or a ccntract organizaticn in accordance
with approved procedures. Xn any event, in order to maintain the
required ccntrols, formal authcrization is required to perform
the wcrk. During the Preoperational Test Program, this written
authorization is obtained from the ISG throuqh implementation of
the apprcpriate ISG cr Plant Staff administrative procedure.
During the Startup Test Program this written authorization is
obtained from the Plant Staff through implementation of the
appropriate Plant Staff administrative procedure. These
administrative procedures, in addition to authorizing performance
of the wcrk, specify any Eetestinq required as a result of the
work and document completion of both the work and associated
retestinq. Closure of the work list item reguires completion of
both the specified work and the specified retesting, if required.

14.2. 4.6 Test Phase Prereauis ites4

Completicn of Phase I is a prereguisite of Phase II for each
system. The completicn of Phase II on safety-related systems is
a prerequisite fcr commencement of the Startup Test Program.

Completion of each major phase of the Startup Test Program is a
prerequisite to starting the succeeding phase. Subsection
14.2 11 identifies the specific testing scheduled tc be conducted
during each of these phases. A phase is considered complete only
after the results of and exceptions to required testing are
evaluated, reviewed, and approved per the requirements of
Subsecticn 14 2.5.
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14 g 5 BQVIQM~ jVALDATIO~M ANJ AJQROVAL OP TEST ~SULTS

PPGL has overall responsibility for review, evaluation, and
approval of test results. The following sections establish the
requirements for review, evaluation, and approval of individual
test results major test phase test results, and test plateau
test results.

14.2.5. 1 Individual 'est Results

Upcn completion of a component test, the System Engineer
assembles the test results and submits them to the Group Leader
for approval.

Upon completion~ of a preoperaticnal or a startup test, the test
director assembles a test package that includes the official test
copy of the procedure and all related documentation. The
precperational test package is submitted to the 'fest Review Board
Chairman who disseminates copies of the test package to TRB
members responsible fcr perforating an in-depth revie~ and
evaluaticn of test results. Fcr startup test results the packageis submitted to the chairman of PORC.

Test discrepancies', deficiencies, and omissions identified during
testing or durinq review of test results are documented as test
except'ions. Test excepticns occurring because of design problems
are reported to appropriate desiqn organization representatives,
for resolution per Subsection 14. 2. 4. 4. Following TRB or PORC
review and resoluticn of TRB or PORC comments, the chairmen have
three options:

a. Recommend that the entire test be repeated.

Recommend that test results are unacceptable until all
or part of the outstandinq exceptions are resolved, in
which case the test package is returned to the test
director for further acticn.

co Recommend acceptance cf test results with or without
exceptions, in which case the test package is submitted
to the appropriate approval authority for final review
and approval.

Final review and apprcval cf preoperational test and startup test
results is by the Superintendent cf Plant. Final review and
reccmmendation for approval of startup test results is by the.
Plant Operations Review Ccmmittee. Approval is by the
Superintendent of Plant.
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Por test results approved with exceptions, each exception will be
evaluated and assigned a required completion date relative to the
different phase of the Initial Test Program. Test exceptions
are resolved by processing them through the same review and
approval cycle as associated test results.

14 2 5. 2

Harbor

Test Phase — Test Results

Commencement of each magcr test phase of the Startup lest
Program, requires that outstanding work items he reviewed and the
followinq commitments be satisfied:

a. Commencement of Initial Puel Loading requires that the
preoperation'al test results of Figure 14.2-4 be
reviewed and approved.

b. Commencement of Initial Heatup and Low Power Testing
requires that the Phase III startup test results be
reviewed and apprcved.

Ci Commencement of Power Ascension Testinq requires that
the Phase IV startup test results be reviewed and
approved.

14. 2. ".3 Power Ascension Testing — Test Results

Testinq during the Power Ascension %est Phase is sequenced in
distinct test plateaus. Prior to proceeding from one'plateau to
the next, the startup test results cf the preceeding plateau are
required to be reviewed and approved.

14 2 6 TEST RECORDS

A sinqle ccpy of each approved procedure, denoted as the official
test copy, is used as the official record of the test. Because
of the fermat of startup test procedures, there will be one
official test copy cf a subtest fcr each Test Conditicn or plant
operatinq condition in which the suhtest is implemented. The
completed official test records are assembled into a test package
at the end of testinq. This test package is retained in
accordance with PPSZ requirements for record retention.
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The safety-related performance requirements of the safety-related
structures, systems, and components identified in Chapter 3 are
tested in conformance with the requlatory positions established
in the fcllowinq regulatory guides or justification fcr
exceptions is provided.

Number Title
1.20 Vibration measurements on Reactor'Internals

{Revision 2, Hay 1976) .

1. 41 Preoperational Testing of Redundant On-site
Electric Power Systems te Verify Proper Load Group
Assiqnments {March 16, 1973) .

1. 52 Design, Testing, and Maintenance Criteria for
Engineered-Safety-feature Atmosphere Cleanup
System Air Filtration and Absorption Units of
Light-Hater-Cooled Nuclear Power Plants {Revision
1, July 1976)

Testinq vill be performed on the Ccntrol Structure
Emergency Outside Air Supply System in accordance
with the excepticns taken on Regulatory Guide 1.52
in Section 3.13.

1.56

1. 68

Maintenance of Mater Purity in Boiling Mater
Reactcrs {June 1973) .

Initial Test Programs for Mater-Cooled Reactors
Pover Plants {Revision 1, January 1977) .

{1) Reference: Section C.1 of the Regulatory
Guide.

Testing will be conducted on safety-related
structures, systems, and components
identified in Table 14.2- 1 as required by
10CFR50.

{2) Reference: Section C.9 of the Requlatory
Guide.

The requirements of Preoperational Test
results documentation and reporting are
satisfied by the format and content of the
completed test procedures; qeneration of
additional reports is not contemplated.
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{3) Reference: 'ppendix A, Section l.h(10) of
the Regulatory Guide.

Nct applicable because SSES does not use
containment recirculation fan for post
accident containment heat removal.

{4) Reference: Appendix A, Secticn 5.l.l of the
Regulatory Guide. The two pump trip is done
at Test Condition '3 (approximately 100% core
flow and 75% power)

{5) Reference: Appendix A, Secticn 5.c.c of the
Regulatory Guide.

Demonstraticn of, the operability of liquid
radioactive waste system is provided in the
preoperaticnal test program No additional
testing is necessary during the power-
ascension test phase.

1.68 1 Preoperational and Initial Startup Testing of
Feedwater and Ccndensate systems for Boiling Mater
Reactor Pcwer Plants (Revision 1, January 1977).

Testing may he limited by the availability of
auxiliary steam.

1.68. 2 Initial Startup Test Proqram to Demonstrate Remote
Shutdcwn Capability for Mater-Cooled Nuclear Power
Plants (January 1977) .

1 7C Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants (September 1975).

1 80 Preoperational Testing of Instrument Air Systems
(June 1974).

The Instrument Air System is not safety related.
However, the various components in the Instrument
Gas System will he tested to verify that they fail
as designed per the statement in Secticn 3.13.
The mcvement of affected valves will be verified
as part of the test associated with each
respective valve's ccrrespondinq system test.
The action and flow cf decay air is not an
essential criteria of operation in relation to the
affected valves. The valves are tc fail with loss
of qas to a safe position. Mhether decaying
pressure will held scme or all of the valves
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)except for these on the affected line) in normal
operatinq positicns is not of critical importance.

1. 104 Cverhead Crane handlinq Systems fcz Nuclear Poser
Planta {Pebruarp, 1976) .

Exceptions for testing of the cranes are outlined
in Section 3.13.

1. 108 Periodic Testinq of Diesel Generators Used as
Onsite Electric Poser Systems at Nuclear Power
Plants fAuqust 1977) .

The testinq of diesel generators will conform to
Requlatory Guide 1.108 pez regulatoz y position
jo as

Since sequence of events capability vas not part
of the design, testing, vill also take the same
exceptions as outlined in Section 3.13.

1 140 Design, Testing and maintenance criteria for
normal ventilaticn exhaust system air filtration
and absorption units of light-water-cooled nuclear
power plants (Revisicn 1) .

Pzeopezational testing vill comply with zequlatory
positicn C.5.

14 2.8 UTILIZA'ZION OF REACTOR OPERATING AND TESTING
EXPERIENCE IN TH/ DEVEIOPNENT OP THE TEST PROGRAM

The Nanaqer-Nuclear Support is respcnsible for ensuring that
reactor cperatinq and testinq experiences of similar power plants
are made known to the ISG and the Plant Staff during the Initial
Test Program. The primary sources cf experience information are.
NRC License Events and expeziences of industry contacts. This
information vill he scrted and reported for a period of two years
prier to fuel load on the first unit. The Manager-Nuclear
Support is addressed in Subsection 17.2.1.

14~2 9 '%RIAL US~ OF PLANT OPERATING AND E~aERGg~ICY PROCEDURES

The adeauacv of Plant Operatina and Emeraencv Procedures will
be confirmed bv trial-use durina the Initial Test Proaram.
Those procedures that do not reauire nuclear fuel are confirmed

. adeauate to the extent practicable durina the Preoperational
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Test Program. Those procedures that require nuclear fuel are
confirmed adequate to the extent practicable during the
Startup Test Program.

t

The plant operatinq staff is responsible for confirmation of
operating and emergency procedures. The Superintendent of Plant
is responsible fcr ensurinq that comments/changes identified
during ccnfirmaticn are incorporated in finalized procedures.

I is not intended that pzeopezational test procedures explicitly
i4ccrpozate or reference plant cperating and emergency
procedures. These tests are intended to stand on their ovn since
they are not necessarily compatible with configurations and
conditions required fcr confirmation of facility operating and
emergency prcceduzes. Startup test procedures vill inccrporate

,and reference plant operatinq and emergency procedures to the
„extent practical.

14.2 10 INITIAL, gUEL

LOATHING

AN/ INITIAL CRITXCAZI'IY

Initial fuel loading is accomplished in accordance with startup
test procedure, ST-3 Puel Loadinq. Initial criticality is
accomplished in accordance with startup test procedure ST-4, Pull
Core Shutdovn Narqin. These pzccedures comply with the general
quidelines and regulatory positions contained in Requlatozy Guide
1.68 (Revision 1, January 1977). Test abstracts establishing the
objectives, prezequisites, test method, and acceptance criteria
for these procedure are presented in Subsection 14.2. 12.

14 2 11 TEST PBOGjAQ SCHJJULJ

The Preopezational Test Program is scheduled for 15 months
duration .on the Unit 1 and Common components and for 12 months
duration on the remaining Unit 2 conpcnents. (See Figure 14.2-4a
and 14.2-4b) . 1he subsequent Startup 'Lest Programs are scheduled
for six Ncnths on each unit.
The Preoperational Test Program sequential test schedules
presented on Figures 14.2-4a and 14.2-4b offer one possible plan
for an orderly and efficient progression of the proqram. While
these sequences may he preferred, numerous alternatives exist.
The schedule will be updated periodically at the jobsite to
reflect construction status, manpower availability, and the
required test prerequisites.
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The safety-related structures, systems, and components will be
preoperationally tested. The Pzeoperational" Test Procedures are
scheduled to he developed from September 1977 to January 1979-

The schedule of Unit 1 and Unit 2 Startup Tests is presented in,
Figure 14.2-5. This schedule establishes the reguized testing as
a function of test condition. The test conditions are described
on Figure 14.2-6. Startup testing will be divided into three
Ha'jor Test Phases, and, within the Power Ascension Test Phase,intc three distinct test plateaus. The testing included in each
Hagcr Te t Phase and test plateau i describe'd in Table 14.2-4.
Even though this basic order of testing is reguized, there isstill considerable flexibility in seguencing the startup testing
specified to be conducted at each plateau. Detailed staztup
testinq schedules, commensurate with the requirements of this
schedule, will be developed at the job site.

14 2,J2 =INDIVIDUAL TQST~ESCSIPTIGNS

The individual preoperational teat to be conducted on afety-related structures, systems, and components are listed in Table
14.2- 1. The abstracts of these pzecperational tests are
contained in'ubsecticn 14. 2. 12. 1 in numerical order. The
Staztup Test Proqram procedures are listed in Table 14.2-3. Theabstracts of Staztup Test procedures are contained in Subsection
14.2. 12.2 in numerical order. The abstracts identify each test
by title and number, describe the test objectives, specify thetest prereguisites, provide a summary description of the test
method, and establish the test acceptance criteria.

A/2. 1g 125 Volg DC~stem gxeoyezational Test

est O~b~etive - To demonstrate the ability of the 125 Volt dc
system tc perform the followinq:

The batteries can endure a complete discharge, based ontheir ampere hour rating, without exceeding the battery bank
minimum voltage limit. (Performance Testj

B ~

C ~

The batteries can provide reliable stored enerqy to selected
loads, indicated in Table 8.3-6, in the event of a design.
base accident. fSezvice Te t)
The battery charqezs can deliver their rated output.
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D The battery chargers can fully charge their associated,
batteries from design minimum charged state (i.e. after theservice test) simultaneously providing power to thedistribution panels for normal, station loads.

E. That the alarms operate and annunciate at their, specified
abnormal condition.

1

P. The reliable 125V DC power is delivered to the ESP DCdistribution panels.

Prereguisites — Construction is complete to the extent necessaryto perform this test and the system is turned over to the ISG.
Required calibration and operation of instruments, protective
devices, and breakers is verified. 480V"AC Power, Resistor Load
Bank, Battery Room Ventilation and Emergency Eyewash is available
and/or in service.
Test Nethod — The Battery Performance Test is manually initiated
by connecting the battery bank to the resistor load bank and
discharging the batteries at a constant current for a specifiedperiod of time. The Battery Service Test is manually initiated
by connecting the battery bank to the resistor load bank andsimulating, as closely as possible, the load the batteries will
supply during a design base accident. Then the battery'chargeris connected to the batteries and the distribution panels toverify that they can charge the batteries while simultaneouslyproviding power to the normal plant loads. The battery chargeris also connected to the resistor load bank and current is
increased to its maximum rating with the charger isolated fromits associated battery bank. Alarms are simulated and verifiedto be operated properly.
Acceptance Cgitegia — The batteries can satisfactorily deliverstored energy for the specified amount of time as required forthe Performance and Service Test. The battery charqers candeliver rated output and can charge their associated battery bank
from minimum voltage to a fully charged state in a specified
amount. of time while simultaneously supplying normal plant loads.
The alarms operate at their enqineered setpoints and annunciatein the Control Room.

gP4.1$ 4.16 kV SXs+em Pgeopegafional Test

Test Objective — To demonstrate the proper operation and load-
carryinq capability of breakers, switchgear, transformers, andcables. Also to demonstrate proper operation of protective
devices, relaying and logic, transfer and trip devices,
permissive and prohibit i'nterlocks, and instrumentation and
alarms.
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Presegui ~i es — Construction is. completed to the extent necessary
tc perform this test and the system is turned over to the ISG.
Required instruments are calibrated and controls are operable.
Required electrical pcwez supply systems including 125 volt dc
systems are operable.

Test Method — The 4. 16 KV system is energized. Reguired controls
are operated oz simulated signals aze applied to verify proper
operation of protective devices, zelaying and logic, transfer and
trip devices, permissive and prohibit interlocks, instrumentation
and alarms, breakers'witchgear, transformers and cables.

Acceptance Criteria — The system performance parameters are in
accordance with applicable design dccuments.

QP5 1~ 480 Volt ~S~tem gj;cogegygicnal Test

Test O~b ective — To demonstrate the capability of the 480 Volt
Load Centers and 480 Volt Hotcz Control Centers systems to
provide electrical power to connected 480 Volt Lead Centers and
8otcr Control Centers by demonstzatinq the proper operation of
breakers, transfer and trip devices, relaying and logic,
permissive and prohibit interlocks, instrumentation and alarms,
motor-qenerator sets, and automatic transfer switches.

Pgegeguisites — Construction is completed to the extent necessary
tc perform this test and the sy tern is turned over to the ISG.
Required electrical pcwer supply systems are available to
energize the 480 Volt system. Required instruments and
protective relays are calibrated and controls are operable.

Test Method — Feeder breakers are opened and closed by operating
oz siaulatinq controls. Voltages on the bus being fed are
measured to verify breaker operations, relaying and logic,
permissive and prohibit,interlccks and alarms.'ignals aze
applied to verify alarms and instrumentation. Buses are de-
enezqized and energized to verify automatic transfer, switch
transfer, and re-transfer and actor-generator set operation.

Acceptance Crifezgy — The system performance parameters are in
accordance with applicable desiqn documents.

Test Objective - To demonstrate the proper operation of the Fire
Protection Mater System. The test will specifically demonstrate
the follcwinq:
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For Unit Sl. testinq:
1} Automatic and manual operation and reliability of the

fire pumps GPSll and OP512.

2) Yard Loop Integrity and ability to provide, water
through any flow path to yard fire hydrants.

3) Hose Stations in Unit 1 and common are operational and
water is available tc the stations.

4) Automatic and manual operation of the Unit one and
common sprinkler systems.

For Unit 02 testing:

1) Hose stations in Unit 2 are operational and water is
available to the stations.

2) Automatic and manual operation of the Unit 2 sprinkler
systems.

ggegeguisite - Construction is complete to the extent necessary
tc perform this test and the system is turned over to ISG.
Required, instruments are calibrated and controls are operational.
The river water makeup system, instrument air system, and the
reguired electrical pcwer supplies are available.

„ Test Jiethod — The operatinq modes are initiated manually and,
where applicable, autcmatically. Fire pump performance is
determined for OP511 and OP512. Automatic and manual initiation
of the individual sprinkler sy tems aze conducted. Flow tests
are conducted on end of line fire hydrants. Flow verification is
established at the hose staticns. Required controls are operated
or simulated signals aze applied to verify proper operation and
proper alarm annunciation locally and remotely.

Acceptance Cggtegja — The system performance parameters are in
accordance with applicable codes and design documents.

Test Oh/ective — To demonstrate the proper operation of the CO2
fire extinquishinq system. The .test will specifically
demcnstrate the follcwinq=

1) The CO storage tank and refrigeration system operate
autcma(ically to maintain the concentration of CO2 in the
tank.

2) The proper operation of the CO2 automatic flooding systems.
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3) The propez operation of the manual spurt CO systems.
2

Pgegequisite — Constzuction is complete to the extent necessary
to perform this test and the system is turned over to ISG.
Required instruments aze calibrated and controls are operational.
The required electzical pcwer supplies are available.

Tegg method — The opezatinq modes aze initiated manually and,
where applicable ~ autcmatically. Required dampers and ducts
close off the hazard area. The timers for C02 "discharge agree
with design czitezia. The required controls are operated or .

simulated siqnals are applied to verify system interlocks and
alarms.

Accept~ace Cgi|;egia — System performance parameters are in
accordance with applicable codes and design documents.

Test~pjective — To demonstrate the proper operation of the Fire
and Smoke Detection System and related alarms.

Prere~uisite — Construction is complete to the extent necessary
to perform this test and the system is turned over to ISG. The
reguired instrumehts are calibrated and controls are operational.
The required electrical pcwer supplies aze available.
Test Method — The fire and smoke detector system required
controls and instruments azs operated or simulated signals.
are applied to ensure proper operation of interlocks and alarms.

Accus ~ance Cgiteggy — The system performance parameters are in
accordance with applicable codes and design documents.

Test gbQective — To demonstrate proper operation of the Halon
Fire Protection systei and related alarms.

Prereguisite - Constructicn is complete to the extent necessary
to perform this test and the system is turned over to ISG.
Required instruments are calibrated and controls are operable.
Required electrical Fewer supplies are available.
Test method — The operatinq modes are initiated manually and
automatically. The required ccntrols aze operated or simulated
siqna2s are applied to verify system interlocks and alarms.
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Acceptance Cgitegia — The system performance pazameters are- in
accordance with the applicable codes and design documents.

(214.1} Reactor Building Closed Cooling Mater System

Test Objective — To demonstrate the Reactor Building Closed
Cooling Mater System functicns as designed.

prerequisite — Construction is complete to the extent necessarytc perform this test and the system is turned over to the ISG.
Required instruments are calihrated and controls are operable.
Required electrical pcwer supply systems are available. The
Service Mater System, Instzument Aiz System, a makeup water
source fcr the RBCCQ System and the Emergency Service'Mater
System are available.
Test Method — The system operation is initiated manually and the
performance of the pumps is determined. Required controls are
operated or simulated signals are applied to verify; automatictransfer to Emerqency Service Mater on RBCCM System low flow; and
system interlocks and alarms.

~ccepgagcg Critegja — The system performance parameters are in
accordance with the applicable desiqn documents.

Test Objective — To demcnstrate the capability of RHR Service
Mater System to provide coolinq water to connected
components/systems and the ability of the system controls to
alarm when abnormalities cccur in the system and to operate in
accordance with design intent.
Pgezeguisites — Construction i~ complete to the extent necessaryto perform this test and the system is turned over to the ISG.
Required instruments are calibrated and ccntzcls are operable.
Required electrical pcwez supply systems are availahle. The
spray pond and a make-up water source to it are available. RHR
Emerqency Service Mater is requized to conduct the flow balancingtest.
Test Met~cd — System cperaticn is initiated manually and where
applicable automatically. The system is operated in the system
design modes and BHR service water pump performance is
determined Required controls aze cperated or simulated signals
aze applied to verify automatic loop/valve alignments, systeminterlocks and alarms.
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Ac~ca tance Cgitegia - The system performance parameters are in
accordance with applicablw desi qn dccuments.

ggl7.1$ Instgumegt ac Jowly $~tgs ~eoperatignal Test

Test Objectives — To demonstrate the ability of the 120V
Instrumen't AC Power System to perform the following:
A. That full lead power is delivered to the four class lE

electrically independent ESP lead groups.

B That full lead power is delivered to the twc non-class lE
distribution panels and that their autcmatic transfer
switches shift lead to their emergency sources upon loss of
their normal scurces, and back tc normal power when it is
restored.

C. That the alarms. operate and annunciate upon loss of power.

D. 1hat the four class lE EST distribution systems are
electrically isolated frca each other.

Pgere~uisite~ — Construction is complete to the extent necessary
to perform this test and the system is turned over to the XSG.
The alarms operate prcperly, and 48CU AC power and resistor load
bank are available.

Test Method - The four class lE ESF distribution panels are
enerqized by manually closing their respective feeder breakers.
A resister load bank is connected tc each distribution panel and
current is increased to full lead while maintaining required
voltaqe of the three ether distribution panels still energized.
The remaininq panel is de-enerqized to show that it does not
affect the operaticn cf the ether three distribution panels.
(This is performed fcr all four distribution panels.) Also, the
undervoltaqe alarms are checked when each panel is de-energized.
The two non-class 1E distribution panels are also energized by
manually closinq their respective feeder breakers. A resistor
load bank is connected tc each distribution panel and current is
increased to full lead. The automatic transfer switch normal
supply breaker is manually opened to simulate a loss of normal
power and the output voltaqe of the distribution panel is
monitored tc verify that the supply voltage switched from normal
to emerqency in a specified time period. The emergency supply
breaker is opened and the output voltage of the distribution
panel is monitored tc verify that output voltage is nct present.
The emergency supply breaker is closed and the normal supply
breaker is closed to restore 'ncraal power. Output voltage is
monitored to verify that supply voltage switched from emergency
tc normal in the specified pericd of time. The non-class lE

Rev 23, 6g81 14- 2-27



SSZS-CESAR

distributicn panel undezvoltaqe alarms are verified when both
normal and emerqency upply breakers in the automatic transfer
switches are opened.

Acceptance Cgggegia - That reliable 120V AC Power, at design
load, is supplied to all instrument buses. That loss of normal
supply to the automatic transfer switches causes a shift, in a
specified time period, to the emergency supply and vice-versa
when normal supply voltage is restored. That the four class lE
distribution panels are electrically isolated from each other and
that loss cf power alarms operate and annunciate in the. Control
R corn.

A/23,Jg Diesel gugQ gil Sggfeg ggeoperatgonal Test

Test gbQective - To demonstrate that the diesel fuel oil system
is capable o supplying fuel oil to connected plant eguipment.

Prerequisite - Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Required instrumentation is calibrated and controls are operable.
Reguired electrical pcwer supply systems are available. The
diesel oil storaqe tank is at its normal operating level.
Test gegbod — System operation is initiated manually. The
performance of tbe diesel transfer pumps is determined and the
die el day tank capacity is verified. Simulated signals are
applied to verify system interlocks and alarms.

Acceptance Crit~eja - The system performance parameters are in
acccrdance with the applicable design documents.

QP24,1$ Dj,espy Gegggatog System Jgeoyegatgongl 'Test

Test Objective — To demcnstzate system reliability proper
voltage and frequency requlaticn under transient and steady-state
conditions, proper lcqic corzect setpcints for trip devices, and
proper operation of initiatinq devices and permissive and
prohibit interlocks. Starting, cooling, heating, ventilatinq,
lubricatinq and fuelinq auxiliary systems will al o be tested to
demcnstrate that their performance is in accozdance with design.

Preregui~ites — Constzucti'on is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Required instruments are calitzated and controls are operable.
Emergency service water, Diesel Building HGV, 125 Yclt dc Poser,
and Instrument Air are available. '%he diesel oil day tank is
filled and =a make-up source is available.
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Test Hethod — System cpezation is initiated manually and diesel
generator capability to start'nd attain rated voltage within the
specified time are verified. Eiesel qenerators aze loaded to the
rated load and the performance is determined. Required controls
are operated oz simulated siqna2s are applied to verify automatic
starts sequential loading, D-G protection, load refection
capability and other system interlocks and alarms. Reliabilityis demonstrated through 69 consecutive valid start tests of
station diesel generators, with a minimum of 23 valid start tests
per individual diesel generator.

Accept~ace Critegga - The system performance parameters are in
accordance with the applicable design documents.

(P25. 1) Primary Ccntainment In tzument Gas System Preoperational
Test

Test Cbjectives — To demonstrate that the Containment Instrument
Gas system functions as designed.

Pregegugsite — Construction is complete to the extent necessarytc perform this test and the system is turned over to the ISG.
Required instruments are calihrated and controls are operable.
Required electrical pcwer supply systems, the Reactor Building
Closed Cooling Mater System and Instrument Air System are
available.

Tesg method — System operation is initiated manually to determine
the perf crmance cf ccmpressors, moisture separators, dryers andfilters. Required ccntrols are ope'rated or simulated signals are
applied to verify; instrument air system backup, isolation on
primary containment isolaticn signal, and other system int;erlocks
and alarms.

Acceptance Cggteria — The system performance parameters aze in
acccrdance with the applicalle desian documents.

(P28. 11 ESSM Pummhou~e HSV Sv~tem Jreonerational Test

Test Oh/ective — To demonstrate the capability of ESSM Pumphouse
Heating and Ventilating System to maintain the required ambient
temperature inside the ESSM Pumghouse.

greggguisite — Ccnstzucticn is complete to the extent necessary
,to perform this test and the system is turned ovez to the ISG.
Required instruments are calibrated and controls are operable.
Required electrical pcwez supply systems and the Instrument Ai.z
System are available.
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gest get~od — System operation is initiated manually and the fanair flow, dampez operation, heater operation and ambient
conditions inside the pumphouse are determined. Required
controls are operated or simulated signals are applied to verify
fan fs) automatic starts with associated punp starts and system
interlocks and alarms.

Acceptance Cgggegia — The system performance parameters are in
acccrdance with the applicable desiqn documents.

tP28.3) Diesel Generator Building Heating and Ventilation System
Pzeogera tiara gg~t

Test Objective — To demonstrate the capability of the system to
maintain the required ambient temperatures inside the diesel
generator buildinq.
ggegeguisite — Construction is complete to the extent necessary
tc perform this test and the sVstem is turned over to the ISG.
Required instruments are calibrated and controls are operable.
Required electrical pcwer supply systems, the Xnstrument Air
System and Control Structure Chilled Mater System are available.
Test Method — System operation is initiated manually and fan air
flow, .damper operation, heater cperation and ambient temperatures
inside the diesel generator buildinq are determined. Required
controls are operated or simulated signals are applied to vezify
fan automatic starts with associated D-G starts and system
interlocks and alarms.

Acceptance Czitegga - The system pezformance parameters are in
accordance with applicable design documents.

gP30. 1$ Control Structure HCV System Pgeoperational %est

Test Objective — To demcnstzatc the operability cf the Control
Structure HGV System and its irtezlccks inside the control
structure building tc demcnstrate this system's ability to
maintain a positive pressure ahcve atmospheric during normal
operation and high radiation signal when the emergency outside

'irsupply mode is runninq. Tc demcnstrate the ability of the
Control Structure HSV to isolate before. chlorine reaches the
isolation dampers when chlorine i» detected in the outside air
intake.

Pgereguigite — Ccnstzucticn is complete and the system is turned
over to the ISG. Required instruments are calibrated and
controls are operable. The Ccntrcl Structure Chilled Mater
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System, Instrument Air System and turbine building vent are
available. Required electrical pcwez supply systems are
available.

Teyt pegpod — The system operation is initiated manually and fan
performance, damper operations and heating element operation are
determined. The differential pressures with respect to outside
atmosphere are measured. Required controls are operated or
simulated siqnals are applied tc verify the emergency filter
operation on hiqh radiation siqnal, automatic recirculation on
high chlcrine siqnal ~ system manual isolation and other system
interlocks and alarms.

Accgptagge Cgitezia — The system performance parameters are in
accordance with the applicable desiqn documents.

3P30~l Cog~gg Sggggfuge Chggged Magen'ystem Pgeoperational Test

Test Objective — To demonstrate the ability of the Control
Structure Chilled Mater System to provide chilled water flow to
Ccntrol Structure HeatinqgVentilating Units and Ccntrol roomflocr and computer rccm flccr ccolinq units-
Pgegeguisite — Construction is complete to the extent necessary
to perform this test and the system is tuz'ned over to the ISG.
Required instruments are calibrated and controls are operable.
The Service Mater System, Emezcency Service Matei System, and
Instrument Air System are available. Required electrical power
supply systems aze available.
Tgst method — The system is operated to demonstrate chiller
operation and chilled water puNp performance. Required controls
are operated or simulated siqnals are applied to verify automatic
aliqnment of the system under emezqency conditions istart of
emerqency condenser water zecizculaticn pump) and other system
interlocks and alarms.

Acceptance Cggfegia - The system pezformance parameters are in
acccrdancc with the applicable desiqn documents.

QP30,1$ Reactor Bgig~ng HSV Systes Preogerational Test

Test Objective — To demonstrate the capability of the Reactor
Buildinq HGV System tc maintain the required thermal environment
inside the reactor building.
Prerequisite — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
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Required instruments and controls are operable. The Xnstrument
Air System is available. Required electrical power supply
systems and Reactor Building Vent are available. The Reactor
Buildinq ventilation flow balancinq, High Efficiency Particulate
A'ir (HEPA) filter and charccal ahsozber efficiency, and in-place
leak tests are completed.

Teyt /ethos — The system is operated to measure the fan
performance and determine the capability to maintain the Reactcr
Buildinq at negative pressure within the required thermal
environment and areas of greater potential contamination at a
lower pressure than the rest cf the building.
Reguized controls are operated oz simulated signals are applied
to verify the system isolation on I.CCA and/or high radiation
signals and other system intezlccks and alarms.

Acct tance Critegia — The system performance parameters are in
accordance «ith the applicable desion documents.

IP34. 2i Reactor Build~ ng Ch'1~ed -Mater ~S"~tern Preo~ezational Test

Te~g gbjecgige — To demonstrate that the Reactor Building Chilled
Mater System pzcvides the required cooling water to connected
coo'lezs under normal and emerqency conditions.

Prerequisite — Construction is complete to the extent necessary
tc perform this test and the system is turned over to the ISG.
Reguired instruments are calibrated and controls are operable.
The Reactor Buildinq Closed Ccclinq Mater System, Service Mater
System, Instrument Aiz System, flake-up Demineralizer Mater System
and required electrical po~er supply systems are available.

Test get~od - The system is operated tc demonstrate the chiller
and chilled vater puup operaticn. Required controls are operated
or simulated siqnals are applied tc verify system isolation,,
autcmatic valve aliqnment ~ equipment operation under emergency
condition and system interlccks and alarms.

Acceptance Critegia - The system pezfcrmance parameters are in
acccrdance with the applicable desion documents.

fP45. 11 Feedwater Svstem Pzeorerational Test

gest Objectives — The qeneral et)«ctive of this test is to
demcnstrate proper operation of the Feedvater System. This will
be accomplished to the extent possible utilizing the Auxiliary
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Boilers as a steam supply. The test sill specifically
demcnstrate:

1) All RIP and RFPT instruments have been calibrated in
accordance with the vendor's instruction manuals and
instrument data sheets.

2)

3)

All REP and RPPT alarm and trip points have been set
pro perl y.

All recorders, indicators, annunciators, and computer
inputs function ccrrectly.

Prerequisites

1) Construction is complete to the extent necessary to
perform this test and the system is turned over to the
ISG

2) The Service Hater System is operational.
3) The Hain Turbine lube-Oil System is filled and

operaticnal.

4) The Instrument Air System is operational.
5) The Computer is operational to the extent necessary toverify inputs from the feedwater system.

6) The 480 vclt motor ccntrol centers necessary for thistest are operational.
7) The 250 volt DC ccntrcl centers necessary for this test

are operaticnal.
8) RPPT A, B. and C Zuj:e-Cil reservoirs are filled.

Te~t method — Normal and emerqency responses of the lube oil andturbine trip systems are verified fcllowing simulation or processmanipulaticn of the ccntrcllinq variable.
Acceptance Criteria
1) Interlocks of the reactor feed pump turbine (REPT) and of

the alternate and emerqencv luke oil pumps and their
ccrrespondinq alarms function as desiqned.

2) All abnormal conditicns providing trip signals tc the RFPTsfunction as desiqned.
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/$45~// gegdwaggg ggggggg gysggy Jggog~atj,opal est

gegt gbQecgiveg - The general cbgective of this test is to
demcnstxate grcpex cperation of the Peedwater Control System.
This vill be accomplished tc the ertent possible without actually
pumpinq «ater with the feed pump turbines. The test will
specifically demonstrate:

1) All feedvater ccntrol instruments have been calibrated over
their full range in accoxdance with the vendor's

instruction'anuals

and instrument data sheets.

2)

3)

All feedwater,alarm and trip points have been set properly.
All recorders, indicators, annunciators, and computer inputs
function ccrxectly.

4) Xntexlocks to the main turbine, recirculation system, and
feed pumps function correctly.

5) Peedvater contrcl signals to the start-up regulating valve
and turbine-driven feed pumps function correctly vith
simulated inputs and step commands originating from their
respective ccntxcl staticns.

Prereguisites — The prerequisites for this test are as follows:

1) Constructicn of the system is complete to the extent
required tc ccndact this test and the system is turned over
to the XSG.

2) The 125 Volt DC system is operational.

3) 'the Instrument AC system is operational.

4) The 24 Volt EC system is cpexational.

5) Panel 1C651 annunciator i s energized.

Test method — Various level, flow,. pressure, and speed signals
will be simulated and the proper respcnses will be verified.

1) The reactor, main steam, and feedvatex pressure and flow
indicators, xeccxders, computer inputs, and trip points
respond within desiqned tclerances.

2) Speed requlaticn response of each RPP Turbine is within
desiqn limits.
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3) The response of the atartup requlatinq valve is within
desiqn tolexancea.

4) Changes in the ccntrol mode, selection of control channels
ox inteqrit'y of incoming signal do not produce adverse
chanqes in the ccntxclled variables.

JP49. 1g residual Heat removal ~<gatem Pgeoyeraticnal Test

Tegt Gbj ective — To demcn at zata that the Residual Hea t Removal
,System (RHRS) deliveza coolinq water as designed for each of the
followinq system modea of operation: shutdown cooling,
suppression pool *pray, low pzeaaure coolant injection tLPCI) ~

suppression pool coclinq, and fuel pool coolinq.

Demcnstrate operability cf interlocks and isolation valves
provided fcr overpreaauze protection from the xeactor ccolant
system.

Testinq will include demonstratcna cf proper operation of
initiating devices, ccrrect lcqic, prcper operaticn of bypasses,
pzopex operation cf prohibit and pezmissive interlocks, and
prcper operation of equipnent protective devices that could shut
down or defeat the operation ox functioning of such features.

Pregeguiaites — Ccnatxuction ia complete to the extent necessary
to perform this teat and the system ia turned over to the ISG.
Required instruments axe calihzated and co'ntrols are operable.
Required electrical. pcwer supply systems and the Instrument Air
Syatems are available. Reactcz 'pzeasure vessel, suppression
pool, fuel pool, and fuel pool skimner surge tank are filled, up
tc zequixed level tc provide enouqh suction head to the RHR
pumps. Makeup ~ater sources are available.
Teat method — The operating modes of the system are initiated
manually and where applicable, automatically. RHR pump
performance ia determined fcr each operating mode. Control
devices are operated cr simulated signals are applied to verify
valve aliqnment, LPCI mode cpezation for low reactor water level
and hiqh drywell treasure, and ether system interlocks and
alarm~.

Acceptance Criteria — The system performance parameters are in
accordance with applicable engineering design documents.

Rev. i3, 6/81 14. i-25



SS ES- FSAB

JZSJ~JQ ggagggi ggi'g gg~agiag gagliiLg Sygt~s gig~oeiag~ia al~Tat
E

Test Objet'.tive - Tc demcnstzate the',capability of the Reactor
Core Isclaticn Coolinq (RCIC) System to deliver water to the
reactor press ure vessel.

ggegeggisites — Ccnstzuction is complete to the extent necessary
to perform these tests and the system is turned over to ISG.
Required instruments are calibrated and controls are cperable.
Required electrical pcwer supply systems and the Instrument Air
System are available. Suppression pool and condensate storage
tank are filled to provide enouqh suction head to RCEC pump and
reactor pressure vessel is available to receive, water. Auxiliary
steam is available for RCIC turbine operation. Part of the RHB
system will also be av'ailable tc provide a suction flow path for
RCIC pump

Test Method — The system operation is initiated manually and
autcmatically. The system is operated to determine the
pezformance parameters foz the RCIC turbine and pump and the
barcmetzic condensate pump„. Ccntzcl devices are operated or
simulated siqnals aze applied to verify automatic valve alignment
(system isolaticn), turbine trig and start modes, and other

'system interlocks and alarms.

Acceptance Cgggegga — The system performance parameters are in
acccrdance with agglicable enqineering desiqn documents.

QP51,1$ Cong Sygag Sygfem Fgeggegationgl Test

Test Objectives — To demcnstrate
System tc accept water from both
and the condensate stozaqe tank
adequate pressure to the reactcz
spray pattern.

the ability of the 'Core Spray
the suppression pool (normal)

(backup) and deliver flow at
pressure vessel'n an acceptable

Pgeresuisites — Construction is complete to the extent necessary
tc perform these tests and the sy tern is turned over to the ISG.
Power and contzcl voltaqe is available for the mctozs, valves and
instruments associated with this system. Required instzuments
are calibrated and ccntrcls are operable. The suppression pool
and condensate storaqe tanks are filled to the required level.
The reactor pressure vessel head i removed and the vessel can
accept water The condensate tzansfez system is available.

Test~ethod — The nozaal system operation is initiated
autcmatically by simulatinq a Eesiqn Base Accident. The pumps
are started and the appropriate valves and instruments are
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operated to ensure that water flow is established to the reactor
pressure vessel. System logic, interlocks, and alarms areverified to be in accordance with design intent and system flcws
and pressures are verified to ensure that they are adequate toinfect water into the zeactor pressure vessel via the core spray
spargers. The system is operated manually through the test line
hack to the suppressicn pool Also, the system is manually lined
up to accept water from the ccndensate storage tank and deliver
core coolinq water to the reactor pressure vessel.
Acceptance Crgtegia — That the core spray system can deliver

. coo2inq water at'esign flew and pressure to the reactor pressure
vessel within a specified pezicd of time for varicus 'simulated
operating conditions.

QP51.1AJ Core Sggay Sggfem Pagg~en Pgeopegatgona1 Test

Test Objective — To demonstrate the ability of the Core Spray
System tc deliver a propez spzay pattern at rated and runout
conditions. This procedure shall also verify satisfactory
physical response of system, coIgonents within the reactor
pressure vessel. The system discharge line restriction floworifices shall he verified as heing properly sized such that
runout flew does not exceed system design values.

Pregegui~ifeg — Construction is complete to the extent necessaryto perform this test and the system is turned over to the ZSG.
Power and contrcl voltaqe is available for the motors, valves and
instruments asscciated with this system. Required instruments
are calibrated and centrals aze operable. The suppression poolis filled to the required level. The reactor pressure vessel
head is removed and the vessel can accept water. The condensatetransfer system is availahle.
Tesg method — System operation shall be manually initiated,
monitored and ccntzclhed such that vessel injection is achievedin accordance with test objectives.
Acceptance Criteria — The Ccrc Spray System can deliver cooling
water at desiqn flow with an acceptable spray pattern to the
reactor pressure vessel. Durinq this test photographic recordsshall be made, no system abnozealities shall be observed,restriction flow orifices shall be properly sized'nd free route
from the core spray junction bcx vent holes shall be verified.
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(P52.1) High Pressure Coolant Injection System Pzeoperational
Test

Test Objective — To demonstrate that the High Pressure CoolantInfection System (HPCIS) delivers coolant water to the reactor.
~P egeg~u'aitey — Construction ia complete to the extent necessarytc perform this test and the system is, turned over to ISG.
Required instruments are calibrated and controls are operable.
The suppression pool and condensate storage tank are filled toprovide the required auction head tc the HPCI pump. The reactor
pressure vessel head is off and the vessel is ready to receive
water from the HPCI system. Required electrical power supplysystems, Standby Gas Treatment, required ventilation'systems andInstrument Aiz System are available. The Auxiliary Boiler oranother source of steam supply is available to zun the HPCIturbine.
Test method — System operation is initiated manually and whereapplicable automatically. Reactor water low level and drywell
high preaaure siqnals are simulated to verify HPCI turbineautcmatic functions. System iaclation is verified by operatingrequired ccntrola and or simulated signals. Steamline highdifferential treasure siqnals are simulated to verify automaticfunctions. Limited turbine and puup operation (depending 'uponauxiliary steam conditions) and automatic valve alignment are
demcnatzated. Containment iaclation valves are functionallytested. Required controls are operated or simulated signals areapplied to verify intezlccka, trips and alarms.
Acceptance Crigerga — The system performance characteristics are

-" in accordance with applicable desiqn documents.

QP53,1$ Standby gigujd Contxol System Pzeogerational Test

Tegt O~hectgve — To demonstrate the operation of the system withdeminerali2ed water. Demcn trate operability of instzumentation,controls, interlocks, and alarma. Verify operability of heaters,air spazqezs, and heat tracinq. Conduct test fizinqs of sguih-actuated valves, and demcnatzate deaiqn injection capability.
Teats should he conducted as appropriate to verify zedundancy andelectrical independence.

Prereguiaites — Construction ia complete to the extent necessarytc perform this test and the system is turned over to the ISG.
Reguired instzuments are calibrated and controls are operable.
The reactor vessel 'is available to receive water injected from
the Standby Liquid Control System. Required electrical power
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supply systems and a source of demineralized makeup water are
available.

est /ethos-- System operation is initiated manually-
Dedineralized water is used fcr testing the system. The pumps
are run taking ucticn from the standby liquid storage tank and
the test tank. Squib valves are fired and the rate of
demineralized water infection into the reactor vessel from each
pump is measured. Required controls are operated or simulated
siqnals are applied tc verify interlocks and alarms.

Acceptance Critegia - The system performance characteristics are
in accordance with the applicakle design documents.

/PS~4. 1 ~aepgencT ServicS Pater SS tea Preoperational Test

Test gbjective - Zo demonstrate that the Emergency Service Mater
System provides a supply cf coclinq water to the plant emergency

'quipment,to demcnstrate the ability to start the PS'umps from
the remote shutdown panel, tc demonstrate the ability of an ESM
pump to start automatically when the associated diesel-generator
unit starts, to demonstrate the proper operation of system
automatic valve transfer schemes, and to demonstrate the proper
operation cf spray pend components.

grere~ui~ites — Construction is complete to the extent necessary
tc perform this test and the system is turned over to the ISG.
Required instruments are calibrated and controls are'operable.
Required electrical pcwer supply systems are available. The
spray pond is filled to provide enough suction head for the ESM
pumps, and a makeup source to the spray pond is available. The
RHR service water system is in cperation.
Teat Nethod — The system is started manually and automatically
thrcuqh the associated diesel generator start signal. Pump flow
paths aze established and pump flows are measured for each loop.
Plow balancinq of the RHR Service Mater System and Emergency
Service Mater System is performed. Proper operation of the line
break detection system is verified. Required controls are
operated and simulated signals are applied to verify interlocks
and alarms.

Acceptance Critegia - The system performance parameters are in
'ccordance with the applicable design documents.
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JP55 ~1 C~ngggg g~d Drive $gg~em fr~co ~a~iog~~le t

Tegt~bjgctivg — To demonstrate the operation of the Control Rod
Drive System including control rod drive hydraulic system and CRD
mecba nis Ns.

pgegecCuiait~e — Construction ia complete to the extent necessazy
to perform this test and the system is turned over to the ISG.
Required instruments aze calibrated and controls are operable.
Required electrical pcwer supply systems are available The
condensate storage tank ia filZed tc provide enough suction head
to the CRD pump. The TBCCQ System and Instrument Air System are
available. The Reactor Hanual Control System is operational to
the point required for continuing with this teat.
Teat Method - System operation is initiated manually and the
system flew and pressure contrcl stations are adjusted. CRD pump
performance parameters are measured. Control rod drives aze
exercised to verify latchinq, position indication and
insert/withdraw speeds. Scram testa are conducted and scram
times are measured for each ccntrcl rod drive. Required controls
are operated oz simulated siqnals are applied to verify system
interlocks and alarms., Rod buffer performance ia also tested.
Acceptance Cgggegia — System performance parameters aze in
accordance with the applicable deaiqn documents.

QP56,~1 Reagggg /agua/ C~|gog Sgggem~ogegagional Test

gest Objectives — To verify tbe operation of the Reactor Hanual
Ccntrcl System, includin'q relays, control circuitry, switches,
rod blocks, indicatinu lights and control valves and to verify
operation of the Rod North Binisizer and Rod Sequence Control
Syate m.

Prereguiaites — Construction ia complete to the extent necessary
to perform this test and ayatea ia turned over to the XSG.
Required instruments narc calibrated and controls are operable.
Required electrical pcwer supply ayatems are available.
Teat~ethod - System integrated operation is initiated manually.
Controls are operated and simulated signals aze applied to
verify.: 'rod blccks, alarms and interlocks of the reactor mode
switch; pzcper operation of the zod position information system;
and rod drift alarm circuit directicnal control valve time
sequence for insert and withdraw commands. Proper operation of
the Rod %orth Hinimizer and Rod Sequence Control System are
verified utilizing actual control rod manipulations.

J
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~ccepgynce Cggg~e~ - The system performance parameters are in
accordance with the applicab'le design documents.

za.aa ss |ates w ac ~wz|: x~
Test O~hective — To demonstrate the ability of the
Uniaterruptable AC Power System to perform the following:
l) That full load power is supplied to the distribution panel

2) That. the static transfer switch will automatically shift
load from the preferred to the alternate source upon loss of
the preferred source.

3) That the static transfer switch will automatically shift
load from the preferred scurce to the alternate source when
the pxeferred source becomes overloaded and shift back to
the preferred source when the cverload condition is cleared.

4) That loads can manually be switched from preferred to
alternate souxce and vice-versa.

5) That alarms operate and annunciate at their specified
abnormal condition

Pregeguisites — Construction is complete to the extent necessarytc perform this test and the system is turned over to the ISG.
Required calibration and operation of instrument,'rotective
devices and breakers is verified. 480V AC Power, 250 V DC Power,
and Resister Load Bank are available.
Tegt method — The Uaintezruptakle Power Supply is energized by
manually closiaq the 250 V EC preferred breaker {inverter) and
the 480 V AC Alternate Breaker {Vcltage 'Regulating Transformer).
Mith the static transfer switch in normal mode, the load is
incxeased by use of the Resistcx Load Bank while the voltage aad
curzent is monitored. The current is gra'dually increased above
normal rating until the automatic transfer switch shifts the
overload to the alternate souzce. Then the load is slowly
decreased to clear the overload and to verify that the automatic
transfer switch shifts the load back to the preferred source. A

. less of,the preferred source is simulated to verify that the
autcmatic transfer switch will shift the load to the alternate
source. Thea with both sources available the transfer switch is
manually switched frcm the preferred to alternate source and vice
versa hy means of the bypass mode and normal mode pushbuttons.
Alarms are either simulated ox functionally checked throughout
the above procedure.
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Acc~e~nce Cgi~gy — That reliable 120 V AC Power, at designload is upplied to the distribution panel. That the automatictransfer switch will shift loads frcm the preferred to thealternate source with negliqahle power interruption upon loss ofpreferred source. That the autcmatic transfer switch will shift
load from the pxeferxed to the alternate source in an overloadedcondition and hack to the preferred source when the overloadcondition is cleared and, that the load can manually he shifted'frcm the preferred to the alternate source and vice-versa thatalarms operate at their engineered set points and annunciate inthe ccntrcl room.

~P56. 1~ Reac+or ~>~etc ticn S stem Jreo erational Test

Te~t Objective — To demonstrate the proper operation of the
Reactor Protection System (BPS) in all combinations of logic andto demonstrate redundancy, electrical independence, mode switch
operation, and safe failure on loss of power.

prereguisites — Construction is complete to the extent necessaryto perform this test and the system is turned over to the ISG.
Required instruments aze calibrated and controls are operable
Required electrical pcwer supply systems aze available. TheControl Bod Drive System preoperational test is ccmpleted to theextent necessary to perform this test.
Test method — Inteqrated systea operation is initiated manuallyto verify 5-G set pezfozmance and electrical independence.
Required ccntrols are operated cr simulated siqnals are appliedto verify: sensor relay-to-scram trip actuator response time,the ability to scram CRDs in .ccngunction with the CRD hydraulic
system, scram reset delay time mode switch operation, and systemintexlccks and alaxms.

pcc~e tance Criteria — System performance is in 'accordance with
the applicable desiqn documents.

1

JP59.1~ Primary Containmegt System Preopegational Test

Test Object'ye - Xo demonstrate the operability and isolationcapability of the Primary Ccntainment System. Containmentisolation valve functional tests will be performed.

Preregui~~ies — Construction is complete to the extent necessarytc perform this test and the system is turned over to the ISG.
Required instruments axe calikrated and controls are operable.
The suppression pool is filled with demineralized water to therequired level and the hotwell is available. The Containment
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Instrument Gas System, Instrument Air System and requiredelectrical power supply systems are available. All primary
containment isolation valves are operable.

Tes~t ethod — The suppression pool cleanup system vill be testedfcr proper operation; the primary containment isclaticn systemvill have siqnals simulated with the valves in the non-isolation
position, to verify the primary containment isolates when aniso1ation signal is received. Valve closure times are verifiedfor those valves specified in the FSAR in the various systempreoperational tests. The test method is described in the
General Test Statement.

Acct/ance Cgitegia - The system performance is in accordancewith the applicable design document
'

TP 2.14 Nuclear Boiler System Level Instrumentaticn Verification
Test

Test obgectige - To demcnstrat< that the nuclear |:oiler level
instruments function as desired.

Pregeguiaites — Construction i~ complete to the extent necessarytc perform this test and the system is turned over to the XSG.
Required instruments are calibrated and controls are operable.
Required Electrical Fewer Supply Systems are available. A methodto raise and lover the reactor vessel water level is available.
T~et method — The actual zeactor vessel water level will be
changed tc verify level switch trip points, indicating functions
and alarms.

Acceptance Cgitegia - The system performance parameters are in
accordance with the applicable desiqn documents.

I

QP59.2$ Containment Integrated Leak Rate Test

Test Objective — 2o demonstrate that the total leakage from the
containment does not exceed the maximum allowable leakage rate
(La) at the calculated peak containment internal pressure (Pa),
as defined in 10 CFR50, Appendix J.

Pzegeguisities — Construction of the primary containment,includinq installation of all pcrtions of mechanical, fluidselectrical, and instrumentation systems penetrating containmenti s complete. Type B and Type C lccal leakage rate issatisfactorily complete. Required test equipment instruments anddata acquisition systems are operable. Systems required to
support the ILRT are operational.
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/egg method - The test shall be conducted in accordance with the
reguizenents of Subsection 6. 2.6 cf the PSAR.

Agcepgynce Cggggggy,- Acceptance criteria for this test are in
accordance with the requirements of Chapter 16 of the PSAR.

(P60. 1) Containment Atmosphere Circulation System Preoperaticnal
Test

Test Objective — To demonstrate the capability of the Containment
Atmcsphere Circulation System to cool and circulate air inside
the Containment.

ggege~uisiteg — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Reguired instruments are calikrated and controls are operable.
Reguired electrical pcwez supply systems are availalle. The
Reactor Buildinq Chilled Mater System or an alternate ccoling
water supply is available.
Test Hethcd — The system operation is initiated manually and
flew for each fan is determined. Required controls are operated
or simulated siqnals are applied to verify; automatic start of
standby units and other system interlocks and alarms. No heat
loads are simulated durinq the test.
Acceptance Cgitegiy — The system performance is in accordance
with the applicable desiqn documents.

Test Ohjecti.ves — To demonstrate the operability of the Reactor
Mater Cleanup and Filter Demineralizer System. In particular the
followinq items are tc be demonstrated:

1) The ability of individual compcnents, instrumentations,
alarms and interlocks to function properly.

2) Verify proper system pezfcrmance by verifying all flow
paths, flow rates and ccmponent performances to be in
accordance with desiqn specifications.

3) The ability of the system and filter to isolate by
simulatinq each sensor to its trip point.

4) Verify the RMCU system containment isolation valves will
respond properly to all ccntrol signals and closing times
are within required specifications
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5) The ability cf the filtergdemineralizer valve and pump
operatinq sequence to operate properly.

gregegui~~i~tg — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
The Reactor vessel is filled tc provide enough suction head to
the Reactoz Water, Cleanup Recirculation Pumps. The Reactor
Building.Closed Cooling Hater Syst'm, Instrument Air System,
condenser hotwell or liquid Radwaste Collection System, and the
RMCU Precoat System are available. Required electrical power
supply systems are available.

Test Method — System operation is initiated manually. Pump flow
and filter and demineralizer differential pressures are
determined; Pzecoat and backwash cycles are tried. Controls are
operated or 'simulated siqnals are applied to verify system
isolaticn upon initiation of the respective NSSS isolation relay,,
other system interlocks and alarms.

Acceptance Critegia - The system performance parameters are in
acccrdance with the applicable design documents.

QP64. 1g Reactor. Recircula~ton System Preoyeragional Test

Te~t Objecgj,ves — To demonstrate the operability of the Reactcr
Recirculaticn ccmponents and the system.

Pger~e uisites — Construction is complete to the extent necessary
tc perform this test and the system is turned over to the ISG.
Required instruments are calitrated and controls are operable.
Required electrical pcwer supply systems are available. The
Reactor Building Closed Coolinq Mater System, is available. The
reactcr vessel is filled with demineralized water to the required
level
Test Method — System operation is initiated manually The system
is tested by individual and integrated operation of M-G sets,
pumps, and valves. Performance of the M-G sets, recirculation
pumps, and get pumps are .detezlined to the extent possible during
this test. Required controls aie operated or simulated signals
are applied tc verify interlocks and alarms.

Acceptance Criteria - The system performance parameters are in
acccrdance with the applicahle desiqn documents.

TP 2. 16 reactor Xngegnals Vibgation and Xnspection

Test Objective - The test objective is to detect damage
excessive wear, loose parts, cz other evidence of unacceptable
vibration which could result from assembly errors or undesirable
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deviations from the previcualy uualified prototype plant
ccnatruction.

r

This test is a gualitp assurance measure which experimentally
confirms the absence of excessive vibration of core support
structures, ge't pumps, lo~er plenum camponents, and other major
internal structures. The test ia ccnducted without fuel and is
nat intended to be a test of fuel or incore instrument vibration.
However, the specified teat conditions, without fuel present
pravide a level of vibration excitation of major internal
structures which is at least as high as that mea ured in normal
pawer operation.

Prexy uiaites — To the extent necessary to pezform this test all
reactor internals components aze installed except as follows.
l. The core matrix is empty: there are no fuel assemblies,

.inccze instrumentation tubes, cz neutron source rods.
Control blades are withdrawn or not installed. Puel support
castinqs are installed.

2. The dryer assembly need nct be installed.
3 One or both of the access hole covers on the shrcud support

plate must remain unwelded until after the test to provide
access for inspection. Tempcrazy closures must be provided.

The reactcz veaael ia cloaed, filled, and ready for
pressurization. The recirculation pumps are operable. The RHR
system pumpa are operable tc gzcvide. necessary temperature rise.
Clean-up system heat exchanqeza aze operable foz temperature
control.
Teat method — A visual inapection ia made before and after the
required maximum allowable speed pump runs. These flew runs
include 35 hours cf two-lcop operation and 14 hours each for
loops A and B. These hours may not he sequential, but they must
he between the initial and final inspections.

Acceptance Critegya - Initial and final, inspection results are
acceptable.

gg6C 1g Liquid Radwa~ge Cgllegtgcn System Pgeogeza~icnal Test

Tesf Objective — Xo dcmcnatratc the capability of the Liquid
Radwaate Collection System to ccllect liquid waste.

Pgeregui~iteg — Construction ia complete to the extent necessary
tc perform this test and the ayatem is turned over to the XSG.
Required instruments are calibrated and controls are operable.
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Required electrical pcwer supply systems aze available. Liquid
Radwaste Collection System and storage tanks are available.
Test method — Sump pumps aze operated and perfor'mance
characteristics aze determined. Level controls are operated toverify pump starts and alarms. Liquid radwaste discharge valves
frcm prisazy containment are verified to close upon containmentisolation siqnal

Accgggance Cgitegga — The system performance parameters are in
accordance with the applicable desicn documents.

(P70. 1) Standby Gas Treatment System And Secondary ContainmentIsolation J~eoyeraticnag Test

Test~bgective — Xo demonstrate the capability of the Standby Gas
Treatment System {SGTS) tc function as designed.

I ~

Prezeguisites — Construction is complete to the extent necessarytc perform this test and the system is turned over to the XSG.
Required instruments are calibrated and controls are operable.
Required electrical pcwer supply. systems aze available. The
Reactor Buildinq Heatinq and Ventilation System, SGTS vent, andInstrument Aiz System are available.
Tegt Nethod — System cperation is initiated manually and where
applicable automatically. Required controls are operated or
simulated siqnals are applied tc verify secondary containmentisolation and start of SGTS. SGTS performance is determined by
measuzinq secondary ccntainment pressures, system pressures and
fan flow rates. System interlccks and alarms are verified.
Acct~ance Cgigegia — The system pezformance parameters are in
accordance with the applicable design documents.

JP73. 1g Confainmggt Agmosyheggc control ~Sstem P~zeo e~ational Test

Test Objective — Tc demcnstzate the capability of the Containment
Atmcsphezic Control System to analyze containment oxygen and
hydzoqen content and to demonstrate the operability of the
hydzoqen recombiner {actual pzccess is not demonstrated at this
time) .

To demonstrate the operability of the purge supply and exhaust
systems, and to show, the valves wczk accordinq to the designedperiissives and interlocks. Tc test the vacuum breakers and show
proper operation of the contrcls and actuators which will
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demcnstrate the ability to limit the dzyvell and suppression poolinternal and differential pre ures.

Prereguisites — Construction is complete to the extent necessaryto perform this test and the system is turned over to the ISG.
Required instrumentation are calihrated and controls are
operahle. Required electrical power supply system are available.
Test method — The oxygen and hydrogen analyzers are utilized to
determine the containment atmospheric analysis. The pump and
blower performances are d'etermined. The Hydrogen Becomhiner
System vill he operated tc the extent practicable. Simulated
signals are applied to verify interlocks and alarms. The system
valves vill be operated and a purqe flow vill he established to
demcnstrate proper operation. Vacuum breakers vill be actuatedtc shcw proper directional movement vhen permissives are
available to control circuitry.
Acceptance Crigegia — The system performance parameters are in
acccrdance with the applicable design documents.

JP75 1~ 24 Volt DC System greogerational Test

Test~hjective — To demonstrate the ability of the + 24 Volt DC
System tc perform the fcllcwinq:
l) That the batteries can ensure a complete discharge, based ontheir ampere-hcur zating, without exceeding the battery bank

minimum voltaqe limit. (Performance Test)

2) That the batteries can prcvide reliable stored energy totheir desiqn loads as indi'cated in Table 8 3-8 in the event
of a Desiqn Base Accident.

3) That the battery charqers can deliver their rated output.
4) That the battery chazqers can fully charge their associated

batteries from desiqr minimum discharge (i. e. after the
service test) while simultaneously providing power to the
distzibuted panel foz normal station loads.

5) That alarms operate and annunciate at their specified
ahncrmal conditicn.

6) That reliable + 24 Volt DC is delivered to the distribution
panels.

Pxeze~ui~ites - Construction is complete to the extent necessarytc perform this test and the system is turned over to the ISG.
Required calibration and operation of instrument protective
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devices and breakers ia verified. 120 V AC, Resistor Load Bank,
Battery Room Ventilation and Emergency Eyewash is available
and/or in service.

Test~ethod — the battery perfcraance test is aanoally initiated
by connecting tbe battery bank to the Resistor load Bank and
discharginq the batteries at a constant current for a specified
period of time.

The Battery Service Test is manually initiated by connecting the
battery hank to the Resistor Lead Bank and simulating's closely
aa poasible, the lead the batteries will supply duzing a Design
Base Accident.

Then the hattery charger is connected to the hatteriea and the
distribution panels tc verify that they can equalize charge the
batteries while simultaniou ly providing powez to the normal
plant loads. The battery cbarqer ia also connected to the
Resistor Load Bank and current is increased to its maximum rating
with the charger iaclated from ita associated battery bank.

Alarma are simulated and verified tc cperate properly.
Acceptance Cgitegia - The batteries can satisfactorily deliver
stored enerqy for the specified amount of time aa required for
the perfcrmance and service teats. The battery chargers can
deliver rated output, and can. charge their asscciated battery
bank from minimum voltage to a fully charged state in a specified
amount of time while aimultanecualy supplying normal plant loads.
The alarms operate at their enqineered setpoints and annunciate
in the ccntrcl zccm.

A/76. 1g plan/ Leak Detection System Preoyezational Test

Tegt Objective -'o demonstrate the operability'f the Plant
Leak Detection System.

Pregegui~iges — Construction ia complete to. the extent necessary
tc perform thia teat and the yatem is turned over to'he XSG.
Required instruments are calibrated and controls are operable.
Required electrical pcwez supply ayatems are available.
Tegg method — Sump levels will ke varied (if practicable) or
simulated aiqnals aze applied to level sensors to verify the leak
detection system alarms.

Acceptance Crigegia — The system performance parameters are in
accordance with the applicable desiqn dccuments.
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QPQSalj Source Ranc[e~onitori~nR~stem SmoRerathRRR1 Test

gest Oh/ective. — To demonstrate the operahility of the Source
Range Monitoring (SRM) System.

to perform this test'and the system is turned over to the ISG.
Required reactor internals are installed, instruments are.calibrated and controls are operable. ~ Required electrical power
supply systems are available.
Test Method — Source Range Monitor Detector insert/retract drive
mechanisms are operated to verify proper operation. Required;simulated signals are applied to verify SRM channel trips,indicatinq lights and alarms.

Acceptance C~ri e~ia — The system performance parameters are- in
accordance with the applicable design documents.

QP78.2l Intermediate Ran~eonitor~in ~sstem preoReratjonal Test

gest Objective — To demonstrate the operability'f theIntermediate Range Monitoring (IRM) System.

Prerequisites — Construction is complete to the extent necessaryto perform this test and the system is turned over to the ISG.
Required reactor internals are installed, instruments arecalibrated and controls are operable. Required electrical power
supply systems are available.
Test Method — Intermediate Range Monitors detector insert/retractdrive mechanisms are operated. Required simulated signals areapplied to verify IRM channel trips, rod blocks, indicatinglights and alarms.

Accttance Criteria — The system performance parameters are in
accordance with the applicable design documents.

(P78. 3) Average Power Range Neutron Monitoring System

Test Objective — To demonstrate the operability of the Average
Power Range Neutron Monitoring (APRM System) includin'g LPRM ~ s,Recirc. flow bias signals and Rod Block Monitor.
grere~uisit~s — Construction is complete to the extent necessaryto perform this test and the system is turned over to the ISG.
Required reactor internals are installed. Instruments are
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calibrated and controls are operable. Required electrical power
supply systems are available.

Test Method — Each LPRM is checked from detector to its end
function Required input signals are simulated to verify LPRM
channel trip lamps, remote meters and alarms. Required signals
from the LPRM System are simulated to each APRM channel to verify
trip functions, indicating meters, lights and alarms. Each flow
transmitter is checked from flow element to its end function.
Siqnals are simulated to verify flow inducted trips, remote
meters and alarms. Reguired signals from the LPRM and flow bias
systems are simulated to each RBM channel to verify trip
functions, indicating lights, and alarms.

Accttance Criteria — The system performance parameters are in
accordance with the applicable design documents.

fP78.4$ TraveSsincC Tncore ~Po~be 8 stem PreoPerationag Test

Test Objective — To demonstrate the proper operation of the
Traversing In-Core Probe System. Specific objectives are to
demonstrate the following:

l) Manual and automatic Operation.

2) Proper operation of all interlocks, overrides and automatic
functions.

3) Proper operation of all indications and alarms.

4) Simulated operation of the shear valves.

5) Proper interface between the TIP system and process

corn

pu te r.
Prereguisites — Construction is complete to the extent necessary,
to perform this test and the system is turned over to the ISG
LPRMs are installed inside the reactor vessel and required
instruments are calibrated and controls are operable. TIP
tracing I-Y recorder and purqe system are available.
Test Method — System operation is initiated manually. The
indexer interlock, shear valve control and monitoring, ball valve
control and monitoring, squib circuits and purging operations are
verified. Required controls are operated or simulated signals
are applied to verify interlocks external to the system and
system alarms.

Acc~etayce C~r'eria — The system performance parameters are in
accordance with the applicable design documents.
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g JP79~1} . Area~adiati~ogonito~in . System preoperational~est

Test Op~ective — To demonstrate the operability of the Area
Radiation Monitoring System.

P~rere uisites — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Required instruments are calibrated and required electrical power
supply systems are available. The required radioactivity sources
with known strengths are available.
Test Method — The radioactive sources are used or simulated
signals are applied to verify area radiation monitor channel
trips, indicating lights, and alarms.

hccegtance Cupriteia — ihe system performance parameters are in
accordance with the applicable design documents

QP79. 2j Process Radiation Monitoring ~Rates Pre~oerational Test

Test gbQective — To demonstarte the operability of the Process
Radiation Monitoring System.

Prereguisites — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Required instruments are calibrated and required electrical power
supply systems are available. The required radioactivity sources
with known strengths are available.
Test Mythos — The radioactive sources are used or simulated
siqnals are applied to verify process radiation monitor channel
trips, loca tin g lights, interlocks, and alarms.

Acceptance Criteria — The system performance parameters are in
accordance with the applicable desiqn

documents'P80.

1) Reactor Non-nuclear,Ins~tumentation ~Sstem Pre~oerational Test

I~et Objective — To demonstrate that the Reactor Non-nuclear
Instrumentation System functions as designed.

Prereguisites — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Required instruments are calibrated and the controls are
operable All relays that are initiated from reactor vessel
level and pressure sensors are placed in the untripped condition.
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1
and trip functions, indicating functions and alarms are verified.
Acce tance.-Criteria-- The system performance parameters are in
accordance with the applicable design documents.

~81. 1g-. Peel Maudlin S teu- eo ational. Test.

eee4j &
refuelinq grapple and the .reactor servicing tools function as
designed.

Prereguisites — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Bequired instruments are calibrated and controls are operable.
Required electrical power supply systems are available The fuel
pool or reactor cavity are available to test the fuel grapple
The Reactor Manual Control System=-is available to test the
refuelinq platform interlocks.,
Test.method — The refueling platform travel speed and interlocks
vith the Reactor Manual Control System are verified., 811
servicing tools are tried for proper operation. Load tests for
the fuel grapple are performed and the fuel grapple .is operated
at designated speeds., System alarms are verified by operating
the controls or simulating the required signals.

Acceptance Criteria — The system performance parameters are in
accordance with the applicable design documents.

Test Ob ectives — To demonstrate the pr'oper operation of Main
Steam Isolation Valves, the ability of the Safety Relief valves
to operate correctly in safety and automatic depressurization
modes, the ability of the Main steam Isolation Valve Leakage
Control System to collect steam from main steam lines hy
demonstrating the operational air blowers, heaters, and motor
operated valves when the system is initiated~ the ability of the
main steam drip leg drains to function properly.
P e e isites — Constr'uction is complete to the extent necessary
to perform this test and the system is turned over to the ISG
Required. instruments are calibrated and controls are operable.
Required electrical power supply systems, Instrument Air System
and the Containment Instrument Gas System are available.
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Test Method - The Main Steam Isolation Valves are exercised and
functionally checked for closure on required logic circuit trips,
loss of control power and loss of normal supply of air (or gas)
by using charged accumulator. The Automatic Depressurization
System is functionally checked for proper operation in automatic
and manual modes. The Remote Shutdown Panel operation is
demonstrated. Each Safety/Relief valve is verified operational
when any one of its control solenoids is energyzed. Valves are
also checked for the following: tail closed on loss of air/loss
of power, and full stroke operation. The Main Steam Isolation
Valve Leakage Control System is initiated manually and checked
for proper operation. The Main Steam Line Drip Legs and Main
Steam Line Branch Valves are functionally checked for proper
operation. Alarms are checked out during the above operations.

Acce tance Criteria - The system performance parameters are in
accordance with the applicable design documents.

(P88.1) 250 Volt DC S stem Prep erational Test

system to provide dc power to connected buses.

to perform this test and the system is turned over to the ISG.
Required instruments are calibrated and controls are operable.
Required electrical power supply systems and a load resistor bank
are available. The Battery Room Ventilation system is also
available.

Test Method - The system is operated and a load capacity test is
conducted for the battery with the battery charger disconnected.
Required controls are operated or simulated signals are applied
to verify battery charger performance, system interlocks and
alarms.

Acce tance Criteria - The system performance parameters are in
accordance with the applicable design documents.

(P99.1) Reactor Buildin Crane Prep erational Test

demonstrate the following:

l) The performance of the reactor building crane's components.

2) Establishment of baseline data for all functional
components.
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3} 'Ihat all warninq siqnals are ~orking per design intent.
4) The capability of the crane to operate in a designated area

in accordance with design requirements.

Pgexe~u ites - Construction ia complete and the system is turned
over-to the ISG. Required electrical power supply systems are
available and control are operable. Required loads are
available to perform load testing of this crane. .Construction
phase static load testinq {125$ of xated load) is completed.

Tegg geghod — The lighting system for the crane ia energized and
observed fcr prcper operation. The bridge and the trolley aze
speed-teated in bath directicn Current and voltage readings
are taken in both directions. The proximity switches are tested
fox both the bxidqe and the trolley including trolley movement
restriction switches in'zones A, B, and C.

The main heist and the auxi1iaxy hoist are speed-teated traveling
up and txavelinq down. Current and voltage zeadings are taken in
bath direction . All limit switch'e aze tested. A less of power
situation is created for both hciat» to check the brakes ability
to hold without power. An averapeed test is simulated for each
hoist. The main haiat lead lilita~itch is also tested.

The above listed testa aza run fram the pendant pushbutton
control system. Operability of the crane is also demonstrated
from the cab and by radio ccntrcl. The anticollision system is
tested and the crane power source is verified.
Acceptance Cgifeggy — 'Ihe system perfarmance parameters aze in
acccrdanee with the applicable deaion documents.

TP2 23 REACTOR BOLXSIHG CRANJ 'IZSTING

OBJJC'IIVI.

To supplement load teating cf the xeactor building overhead
czane.

PRE BEOOI SIT KS

Ccnatruction is complete to the extent required to perform the
teat and the crane ia available fcr aezvice.

TEST METHOD.

l. Brakinq capability of the Iain and auxiliary hoist under
rated load is vez'ified {all kxakes operational).
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2 The ability of each individual main and auxiliary hoist
brake to atop and hold rated lead while lowering at rated
speed ia tested.

3 4 The capability of limiting movement of the main hook tol/32» and the auxiliary hcok to 1/16» in both raise andlover direction at rated load is tested from a completestandstill over an avezaqe of ten successive movements.

5

Voltaqe and current cf all crane motors is zecorded vhile
runninq at rated load and rated speed.

The capability of the main hoiat to limit an uncontrolled
drop at rated load and rated speed to less tha'n 1/2» hook
movement ia verified'.

6 Simultaneoua hridqe and trclley movement at rated load and
the ability of the zone proximity svitches to restrict crane
movement within safe limita ia also verified.

ACCEPTANCE CBITERIh:

All crane parameters are within deaiqn limits.
tP100 1) Cold Functicnal Test

Tegt gbQecgive - To demonstrate that the plant systems are
capable cf operatinq cn an inteqrated basis in normal and
emergency modes, to demonstrate that adequate power supplies for
the clasa IE equipment will exist, and to assure that optimum tapsettinqs have been selected fez tzanaformezs supplyinq power fromoffaite aourcea to class IE buaaea.

Pregegui~igeg — Required system pzecperational tests have been
completed and plant systems are ready for operation on aninteqrated abasia.

Test Nethcd — Emezqency Core Ccolina Systems (BHR 8 Core Spray)
aze lined up in their normal standby mode. The plant electrical
system ia lined up per normal electrical system lineup (For Unit
1 this lineup may he different than the lineup fcz tvc unit
operation). Loaa of co'olant accident signals are initiated with
and withcut a lcaa of offaite pcver. Voltaqes and loads are
adjusted, aa practical, tc simulate the anticipated zanqea ofvariations. Proper response of the electrical distribution
system, diesel qenezators, and ECCS pumpa vill be verified.
Acceptance Criteria — Systems performance parameters are in
acccrdance with the applicable deaian dccumenta.
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14e~~1$ Sgdggeg~ed~gggdgan~ggce~ds e gbsg~cts
'I

All those tests comprisinq the Startup Test Program (Table 14.2-
3) are discussed in this secticn. For each test a description
is provided for test purpose test prerequisites, test
description and statement of test acceptance criteria, where
applicable. Additions, deletions, and changes to these
discussicns are expected to cccur as the test program progresses-
Such modification to these discussicns will be reflected in
amendments to the PSAB.

In describinq the purpose of a test, an attempt is made to
identify those operating and safety-oriented characteristics of
the plant which are beinq explored.

%here applicable, a definition of the relevant acceptancecriteria for the test is qiven and is designated either Level 1
or Level '2. A Level 1 critericn normally relates to the value of
a process variable assiqned in the design of the plant, component
systems or associated equipment. If a Level 1 criterion is notsatisfied, the plant will be placed in a suitable hold-conditionuntil resolution is obtained. 'Rests compatible with this hold-
conditicn may be continued. Fcllowinq resolution, applicabletests must be repeated tc verify that the'requirements cf the
Level 1 critericn are now satisfied.
A Level 2 criterion is associated with expectaticns relating to
the perfcrmance of systems. If a Level 2 critezicn is notsatisfied, opezatinq and testinq plans would not necessarily he
altered. Investiqaticns cf the measurements and cf the
analytical techniques used for the predictions would le started.
For transients involvinq oscillatory response, the criteria are
specified in terms of decay ratio <defined as the ratio of
successive maxisum amplitudes of the same polarity). The decayratio must be less than unity tc meet a Level 1 czitezicn and
less than 0.25 to meet Level 2.

fS'I-11 Chemical and Eadiochemical

Test Objectives — The principal objectives of this test are a) to
secure infozmaticn on the chemistry and radiochemistry of the
reactor coolant, and h) to determine that the samplinq equipment,
procedures and analytic techniques are adequate tc supply the
data required to demcnstrate that the chemistry of all parts of
the entire reactor system meet specifications and process
requirements.

Specific objectives of the test proqram include evaluation of
fuel performance, evaluations cf deainezalizer operations by
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direct and indirect methods, measurements of filter performance,
confixmaticn of condenser inteqrity, demonstration cf proper
steam separator-dryer operation, and calibration of certain
pzocess instrumentaticn. Data for these purposes is secured from
a variety of sources: plant opezatinq recards, regular routine
coolant analysis, radiochemical measurements of. specific
nuclides, and special chemical tests.

Pgggeguisiges — The required preopezational tests have been
completed. Instrumentation has been checked or calibrated as
appropriate.
Test Hethad — Prior to fuel loading a complete set of chemical
and radicchemical samples is taken to ensure that all sample
stations axe functioninq properly and to determine initial
concentrations. Subsequent to fuel loadinq, during reactor
heatup, and at each navar power level change, samples are taken
and measurements made to determine the chemical and radiochemical
quality of reactor water and reactor feedwater, and performance
of filters and demineralizers. Calibzations will be made of
monitors in the vent, liquid waste system and liquid process
lines.
Acceptance Criteria — Level 1 - Chemical factors defined in the
Technical Specifications and Puel Marzanty must be maintained
within the limits specified. The activity of qaseous and liquid
effluents must ccnform to license limitaticns. Mater quality
must be known at all times and should remain within the
quidelines of the Mater Quality Specifications.
Level 2 - Hct applicable.

Test Objectives The objectives of this test are {a) to determine
the backqzcund radiation levels in the plant environs prior ta
operation for base data on activity buildup and {h) to monitor
radiation at selected power levels to assure the protection of
personnel durinq plant operaticn.

Pregesuisites — The required preoperational tests have Keen
completed; the Superintendent cf Plant has reviewed and approved
the test procedures and initiation cf testinq. Instrumentation
has been checked cr calibrated as appropriate.

Test method - A survey of natural background radiation at
selected locaticns throuqbout the plant will be made prior to
fuel loading. Subsequent tc fuel loading, durinq reactor heatup
an'd at power levels of approximately 25%, 60% and 100% of rated
power, gamma radiaticn level measurements and where appropriate,
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thermal and fast neutron meaaureaents will be made at selected
locationa throuqhout the plant.

Acceptance CQ+eg~ - Level 1 - The radiation doses of plant
oriqin and the occupancy times of personnel in radiation zones
shall be controlled consistent with the guidelines of the
standards for protection aqainat radiation outlined in )OCPR20.

Level 2 - The radiaticn doses cf plant origin shall meet the
follovinq limita dependinq upcn which Radiations Zone the
radiation base aurvey point is located:

IIIIII
IV

+ 0-5 mBem/hr.
~ 2.5 mRem/hr.

~15 m Be m/hr.
~100 mRem/hr.

Note: All areas designated Radiaticn Zone V have potential
radiation doses of >100 mBem/hr. Readings taken in Zone V during
the Startup Test Proqram may be less than 100 mRem/hr; however,
since Zone V is defined in terma of potential levels, there are
no Acceptance Criteria fcr Zone V base survey points.
/ST-3~ fuel Loading

Test Objective — The cbgective of this test is tc achieve thefull and proper core complement of nuclear fuel assemblies
thrcuqh a safe and efficient 'fuel loading evolution.
Preregui~iteg — The required Preoperational Testa have been
completed. In addition, prior to starting this test procedure,
the follcving prerequisitea will be met:

a. Fuel and Ccntrcl Rod inapections vill he complete.

b. Control Rods will be installed and tested.
co Reactor vessel water level will be established and

minimum level prescribed.

d. The standby liquid ccntrol system vill be operable and
in readineaa.

e. 'uel handling equipment will have been checked and dry
runs completed.

f. The status cf protection ayatems, interlocks, mode
switches, alarms, and radiation protection equipmentwill be prescribed and verified.
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q. Mater quality must meet required specifications.
The fcllcvinq prerequisites vill he met prior to commencing
actual fuel loadinq tc assure that this operation is performed in
a safe manner:

a. The status of all systems required for fuel loading will be
specified and will he in the status zeguired.

b. 1Lt least three mcvahle neutron detectozs will be calibrated
and operable. At least three neutron detectors will be
connected to the hiqh flux scram trips. They vill be
located so as tc prcvide acceptable siqnals during fuel
loadinq.

c. Source range monitorinq Nuclear instruments will he checked
, with a neutron scurce prier to fuel loading or resumption of

fuel loadinq if sufficient delays are i.ncurzed.

d. The status of secondary ccntainment'ill be specified and
established.

e. Reactor vessel status will be specified relative to internal
component placement and this placement established to make
the vessel ready to receive fuel.

f. The hiqh flux trip pcints vill be set for a relatively lcw
power level.

g. Neutzcn sources vill be installed near the center. of the
core and at other specified locations.

Test Method - Before the first fuel assembly is taken from the
fuel pool and inserted into the reactor, core components {fuel
support casting , blade guides, ccntrol rod drives, etc.) vill he
installed, tested and/oz verified. This procedure begins vith
the steps zequized to assemble and load neutron sources, includes
the activities necessary tc mcnitoz neutron population using
specially constructed fuel loading chambers (PLCs), and
culminates with the insertion cf fuel assemblies into the reactor
core. Fuel loading ccntinues'ntil the coze is fully leaded,
verified and ready to perform subseauent Startup Tests.

Contrcl rod functional tests, 'subcriticality checks, and shutdovn
margin demonstrations vill he performed periodically during, the
lcadinq.

Acceptance Cgitegia — l.evel 1 - The partially loaded coze must be
suhcritical hy at least 0.38% Ak/k with the analytically
determined-, hiqhest vczth rod fully withdrawn.
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Test gbjec~ve - The purpose of this test is to demonstrate that
the reactor will be subcritical throughout the first fuel cycle
with any sinqle contrcl rod fully withdrawn.

Pgeze~i~ites — The fcllowinq prerequisites will be complete
prier to performinq the full ccrc shutdcwn margin test:

E

a) The predicted critical rod position is available
b) The Standby t;iquid Control System is available

, c) ~ Nuclear instrumentaticn is. available with neutron count ratecf at least three counts per second and signal tc noiseratio greater than two to one

d) High-flux scram trips are set conservatively low,

e) Instrumentation has been checked or calibrated as
appropriate

3

Test Herod. — This test sill ba performed in the fully loaded
core in the xenon-fzee conditicn. The shutdown margin test will
be performed by withdzawinq the ccntrcl,rods from the all-rods-in
configuration until criticality is reached. If the hiqhest worth
rod will not be withdrawn in sequence, other rods may be
withdrawn providinq that the reactivity worth is equivalent. Thedifference between the measured Kerf and the calculated Keff for
the in-sequence critical will ke applied to the calculated valuetc obtain the true shutdown mazqin.

Accgggance ~C igegia — /gyral l — The shutdown margin of the fully
loaded, cold (68~P or, 20OC), xenon-free core occur'ing at the most
reactive time duzinq the cycle aust be at least 0.38% b,k/k with

'heanalytically strongest zod (or its reactivity equivalent)
withdrawn. If the shutdown mazqin is m'easured at scme time
during the cycle other than the mcst reactive time, compliance
with the above criterion is shcwn by demonstzating that the
shutdown margin is 0.38% b,k/k plus an exposure dependent
correcticn factor which corrects the shutdcwn mazgin at that timeto the minimum shut'down margin.

I.evel 2 — Criticality should occur within +1.0% Ak/kloof the
predicted critical.

Test O~b ecfive — The cbgectives of the Control Hcd Drive Systemtest are;,a) to demonstrate that the Control Rod Drive (CRD)
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System operates properly over the full range of primary coolant
temperatures and pressures from ambient to operatinq, and b) to
determine the initial operatinq characteristics of the entire CRD
System.

Pgegeguisites — The required pxeopezational tests have been
cospleted.

Test method — The CRD tests performed during the startup test
program aze designed as an extension of the tests performed
durinq the preopezaticnal CRD system tests. Thus, after it is
verified that all ccntzol rod drives operate properly when
installed, they are tested periodically during heatup to assure
that there is no siqnificant bindinq caused by thermal expansion
of the ccrc components. A list of all control rcd drive tests to
be performed during startup testing is given in Table 1'4.2-5.

Acce~agce Cgigeggy - I.evel 1 - Each CRD must have a normal
withdraw time greater than cr equal to 40 seconds.

The mean scram time of all cpezable CRDs must not exceed the
values specified in the plant technical specifications. {Scram
time is measured from the time the pilot scram valve solenoids
aze deenczqized.)

The mean scram time of the three fastest CRDs in a two hy two
array must not exceed the values pecified in the plant technical
specificaticns. <Scram time is measured, from the time the pilot
scram solenoids are deenezqized)

Level 2 - Each CRD must have a normal insert or withdraw speed of
3.0 a 0.6 inches per second, indicated by a full 12-foot stroke
in 40 to 60 seconds. Qith respect to the contxol zod drive
friction tests, if the differential .pressure variation exceeds 15
psid for a continuous drive in, a settling test must be
performed, in which case, the differential settlinq pressure-
should nct be less than 30 psid ncr should it vary by more than
10 psid over a full stroke.

Test Objectives — The obgectiv< of this test is to demonstrate
that the operational sources, SR5 instrumentation, and rod
withdrawal sequences provide adequate information to achieve
criticality and increase power in a safe and efficient manner for
each of the specified zod withdrawal sequences.

Pgege~uisiges — The required preopezational tests have been
completed.
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Test Hethod — The operaticnal neutrcn sources sill be installed
and source ranqe monitor count-rate data vill be taken during rod
withdxavals to critical and compared with 'stated criteria on
signal and siqnal ccunt-to-noise count ratio.
A withdrawal sequence has been calculated which ccmpletely
specifies control rod withdrawals from the all-rods-in cond',tion
to the rated power confiquraticn. Each sequence will be us< d to
attain ccld criticality.
Hovement of rods in a prescribed sequence is monitored by the Rod
Qozth Hinimizer and xod seguence contxol system, which vill
prevent cut of sequence withdrawal.

Acceptance Cgitegia — Level 1 - Thexe must be a neutron signal
count-to-noise count ratic cf at least 2 to 1 on the required
operable SRHs or tuel Loadinq Chambers. There must be a minimum
ccunt rate of 3 counts/seccnd cn the reguired operable SRHs oz
Fuel Loading Chambers.

The IBHs must be cn scale befoxe the SBHs exc'eed the rod block
set pcint.

/ST-7g geactog*Hages; ggegnuy System

Test O~b ectives - The objective of this test is to demonstrate
specific aspects of the mechanical operability of the Reactor
Mater Cleanup System. (This test, performed at rated reactor
pressure and teaperatuze, is actually the completion of the
pzecpexaticnal testing that cculd net be done without nuclear
heatinq) .

Pgegegui~gteg - %he reguired pzeoperational tests have been
completed. Instrumentaticn ha» been checked oz calibrated as
appropriate.

Test Hethod — Pith the reactor at rated temperature and pressure,
process vaxiables will be recorded during steady state operationin three modes as defined by the System Process Diagram:
Blowdcwn, Hot Standby, and Normal. Additional system
confiqurations sill also ke aliqned to verify proper performance
of the bottom head flew and temperature indicators.
Acceptance Criteria — Level 1 - Nct applicable.
Level 2 - The temperature at. the tube side outlet of the non-
xeqenerative heat exchanqers shall not exceed 130~F in the
blowdcwn mode and 120~F in the noxmal mode.
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The pump available NESH vill be 13 feet oz greater during the hotstandby mode defined in the prcce s diagrams.

The coolinq water supplied to the non-regenerative heat
exchangers shall be within the flow and outlet temperature limitsindicated in the process diaqraas.
During tvc pump operations at rated core flow, the bottom head
tempezature as measured hy the bottom drain line thermocouple
should be within 304P of the recirculation loop temperatures.
Bottom head flow indicator PI-1R610 shall indicate vithin 25 gpmof BMCU flow indicator PI-R609 shen total system flov is thru thehotton head drain.

(ST-8) Sesidual Heat Removal SubitemE~

Test o~becgives — The obgectives cf this test are to demonstratethe ability of the Residual Heat Removal {BHR) System to: 1)remove heat from the reactor system so that the refueling andnuclear system servicing can he performed and 2) condense steamwhile the reactor is isolated from the main condenser.
\Pgegegui~ite~ — The required preoperational tests have been

completed. Instrumentaticn has been checked or calibrated as
appropriate.
Test Hethod.— The suppression pool cooling mode will be used to
measure the BHR heat exchanger capacity. Data will be obtainedto determine the heat transfer rate with rated flov on both sidesof the heat exchanger with a large temperature differential
between the service and suppression pool water. Ideally thistemperature differential can be established during extended BCICor relief valve operations. This heat transfer data can then be
used as a benchmark hy the appxcpziate design personnel to checkthe heat exchanqer capacity during other modes of o'peration. (Anideal demonstration of the RHR heat exchanger capacity wouldccnsist cf measurinq the heat transfer rate in the shutdown
cooling mode with the reactcr at 50 psig or less. Unfortunately,
the decay heat load is insignificant during the startup testperiod. Use cf this mode with low core exposure results in
exceeding the 100oP/hz ccoldown rate of the vessel. The shutdown
coolinq mode vill be demcnstrated after a trip or a ccoldown from
Test Condition 6.

The BHR system steam condensino mode is used to condense steamwhile the reactcz is isolated from the main condenser and reactorvessel water level is heing'maintained by RCIC. This test vill
demonstrate system operability and stability.

Rev. 27, 10/81
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Acceggan~ Cgite~ia - Level 1 - The transient response of any
system-related variable to any test input must not diverge.

~evel 2 - The RHR system shall he capable of operating in the
steam condensing, aupprea ion geol cooling and shutdovn cooling
modes (with both one and twc heat exchangersj at the flow rates
and temperature differentials indicated on the process diagrams.
System-related variables may ccntain oscillatory modes of
re ponse. In these cases, the decay ratio for each controlled
mode of response must he less than cr equal to 0.25.

The time to place the RHB heat exchangezs in the steam condensing
mode with the RCIC uainq the heat exchanger condensate flow fcz
sucticn hall he cne half hcur cr less.

XEST-9~~ ltate~~ Level lie ur me t

Test Objectives — The objective of this test ia tc verify
ccnaiatert response of the narrcv range and vide range level
instrumentation.

grereguisitey — The required pzeoperational testa have heen
completed. All system instrumentation is installed and
calibrated.
Test gethcd — In the test,- the response of the Narrcv Range and
Wide Range Level Channels plus the Upset Range Channel are
recorded at steady state conditions. In addition, the Shutdown
and Fuel Zone Level channels values, Reactor Recirculation
temperatures and drywell temperatures are recorded to provide
supportinq informaticn

The data ia analyzed hy calculating the Average Narrow Range
Level and Wide Range Level value which includes. the Upset Range
and then determininq the differences from the average value for
each cf the level channels. These differences are compared to
the acceptance criteria.
Acce2tance C~it~eia — Level l — Hct applicable

Lgvel 2 - The indicatcr zeadinqa on the Harrow Range Level System
should agree vithin +1.5 inchea of the average reading.

The Side and Upset Range level System indicators should agreen
within +6 inchea of the averaqe r'eading.
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Test Objec~veg - The objective of this test is to adjust the
Intermediate Ranqe Mcnitor System to obtain an optimum overlap
with the SRM and APBM systems.

greregaisiges — The required preoperational tests have been
completed.

Test Method — Initially the IBM system is set duzinq the
Preoperational Test Proqram. SBM-IBM and IRM-APBM overlap isverified the first time sufficient neutron flux conditions arise.
After the APRM calibration, the IBM gains will be adjusted as
necessary to optimize the IRM overlap with the SRMs and APRMs.

Acceptance Cgggegiy — Level 1 - Each IRM channel must be adjusted
so that overlap with the SRHs and APBMs is assured.

%est gbjec~ive~.- The objective of this test is tc calibrate the
Lccal Power Banqe Mcnitorinq System.

ggerecCuisites — The required preoperational tests have been
ccapleted. Instrumentation for calibration has been checked.

Test Method — Prier tc power operation LPRM response to control
rcd mcveuent is verified. Later in the program, the ZPBM
channels vill bc cali?rated to make the LPRM readinqs
proportional to the neutrcn flux in the watez qap at the chamber
elevation. Calibzaticn factors vill be obtained through the use
of either an off-line oz a prccess computer calculaticn that
relates the LPBN zeadinq to average fuel assembly power at the
chamber heiqht.

Acceptance Crigegia - Level 1 — Not applicable.
Level 2 - Each IPBM vill be within 10% of its calculated value.

Test O~b ective — The eh)ective of this test is to calibrate the
Averaqe Power Range Mcnitoring (APRM) system.

Pgeze9uisitey — The required preoperational tests have been
completed. Instrumentaticn for calibration has been checked.

Rev. 23, 6/81 14 2- 66



SSES-FSAR

Test Method - A heat balance will be made after each major power
level change. Each APRM channel reading will be adjusted to be
consistent with the core thermal power as determined from the
heat balance. During heatup a preliminary calibration will be
made by adjusting the APRM amplifier gains so that the APRM
readings agree with the results of a constant heatup rate heat
balance. The APRMs should be recalibrated in the power range by
a heat balance as soon as adequate feedwater indication is
available.

Acce tance Criteria - Level 1 - The APRM channels must be
calibrated to read equal to or greater than the actual core
thermal power.

(ST-13) NSSS Process Com uter

performance of the process computer under plant operating
conditions.

completed.

Test Method - During Test Condition 1, the TIP system will be
aligned such that the TIP position plotted by the computer
corresponds to the actual TIP position at steady power conditions
between Test Conditions 1 and 3. The Dynamic System Test Case
will be run to verify that the rsults of NSSS performance
calculations are correct.

Acce tance Criteria - Ievel 1 - Not applicable.

Level 2 - Programs OD-l, P-1 and OD-6 will be considered
operational when:

(1) The MCPR calculated by an independent method and the
process computer either:

a. Are in the same fuel assembly and do not differ in
value by more than 2/ or,

b. For the case in which the MCPR calculated by the
process computer is in a different assembly than
that, calculated by the independent method, for
each assembly, the MCPR and CPR calculated by the
two methods shall agree within 2/.

(2) The maximum LHGR calculated by the independent method
and the process computer either:

a. Are in the same fuel assembly and do not differ in
value by more than 2g, or
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b. For the case in which the maximum LHGR calculated
by the process computer is in a different assembly
than that calculated by the independent method,
for each assembly, the maximum LHGR and LHGR

~ calculated by the two methods shall agree within
2X

(3) The MAPLHGR calculated by the independent method and
the process computer either:

a. Are in the same fuel assembly and do not differ in
value by more than 2/, or

b. For the case in which the MAPLHGR calculated by
the process computer is in a different assembly
than that calculated by the independent method for
each assembly, the MAPLHGR'nd APLHGR calculated
by the two methods shall agree within 2/.

(4) The LPRM calibration factors calculated by the
independent method and the process computer agree to
within 2/.

(5) The remaining programs will be considered operational
upon successful completion of the static and dynamic
testing.

(ST"14) RCIC S stem

proper operation of the Reactor Core Isolation Cooling (RCIC)
system over its expected operating pressure and flow ranges, and
to demonstrate reliability in automatic mode starting from cold
standby when the reactor is at power conditions.

completed. Initial
performed to verify
Instrumentation has

required preoperational tests have been
turbine operation (uncoupled) must have been
satisfactory operation and over-speed trip.
been installed and calibrated.

Test Method - The RCIC System is designed to be tested in two

Condensate Storage Tank (CST), and (2) by flow injection directly
into the reactor vessel.

The earlier set of CST injection tests consist of manual and
automatic mode st'arts at approximately 150 psig and near rated
reactor pressure conditions. The pump discharge pressure during
these tests is throttled to be approximately 100 psi above the
reactor pressure to simulate the largest expected pipeline
pressure drop. This CST testing is done to demonstrate general
system operability and stability.
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Reactor vessel injection tests follow which consist of manual and
automatic mode starts near rated reactor pressure and automatic
mode start at approximately 150 psig reactor pressure conditions
to demonstrate operability and stability.
After all final controller and system adjustments have been
determined, a defined set of demonstration tests must be
performed with that one set of adjustments. Two consecutive
reactor vessel injections starting from cold conditions in"the
automatic mode must, satisfactorily be performed to demonstrate
syste'm reliability. . Following these tests, a set of CST
injections starting from cold conditions in the automatic mode
are done to provide a benchmark for comparison with future-
surveillance tests. ("Cold" is defined as a minimum three days
without any kind of RCIC operation.)

After the manual'tart portion of certain of the above tests is
completed, and while the system is still operating, small step
distrubances in speed and flow command are input (in manual and
automatic mode respectively) in order to demonstrate satisfactory
stability. This is to be done at both low (above minimum turbine
speed) and near rated flow initial conditions to span the RCIC
operating range. During testing at 150 psig, this is done 'only
near rated flow initial conditions.

A demonstration of extended operation. of up to 2 hours (or until
pump and turbine oil temperature is stabilized) .of continuous
running at rated flow conditions is to be scheduled at a
convenient time during the Startup test program.

Acce tance Criteria - Level 1 - The average pump discharge flow
must be equal to or greater than the 100% rated value after 30
seconds have elapsed from automatic initiation at any reactor
pressure between 150 psig (10.5 kg/cmz) and rated.

The RCIC turbine shall not trip or isolate'uring auto or manual
start tests.

Note: If any Level 1 criteria are not met, the reactor will only
be allowed to operate up to a restricted power level defined by
Figure 14.2-7 until the problem is resolved. Also consult the
plant Technical Specifications for actions to be taken.

Level 2 - In order to provide an overspeed and isolation trip
avoidance margin, the transient s'tart first and subsequent speed
peaks shall not exceed the rated RCIC turbine speed.

The speed and flow control loops shall be adjusted so that the
decay ratio of any RCIC system related variable is not greater
than 0.25.
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The turbine gland seal condenser system shall be capable of
preventing steam leakage to the atmosphere.

The delta P switch for the RCIC steam supply line high flow
isolation trip shall be calibrated to actuate at 300/ of the
maximum required steady state flow, with the reactor assumed to
be near the pressure for main relief valve actuation.

(ST-15) HPCI S stem

proper operation of the High Pressure Coolant Injection (HPCI)
system over its expected operating pressure and flow ranges, and
to demonstrate reliability in automatic starting from cold
standby when the reactor is at rated pressure

conditions'ompleted.

Initial turbine operation (uncoupled) must have been
performed to verify satisfactory operation and over-speed trip.
Instrumentation has been installed and calibrated.

Test Method - The HPCI system is designed to be tested in two
ways: (l) by flow injection into a test line leading to the
Condensate Storage'ank (CST), and (2) by flow injection directly
into the reactor vessel.

The earlier set of CST injection tests consist of manual and
automatic mode starts at approximately 150 psig and near rated
reactor pressure conditions. The pump discharge pressure during
these tests is throttled to be approximately 100 psi above the
reactor pressure to simulate the largest expected pipeline
pressure drop. This CST testing is done to demonstrate general
system operability and stability.
Reactor vessel injection tests which consist of manual and
automatic mode start near rated reactor pressure to demonstrate
operability and stability.

After all final controller and system adjustments have been
determined, a defined set of demonstration tests must be
performed with that one set of adjustments. Two consecutive
reactor vessel injections starting from cold condidtions in the
automatic mode must satisfactorily be performed to demonstrate
system reliability. Following these tests', a set of CST
injections, starting from cold conditi.'ons in the automatic mode
("cold" is defined to a minimum three days without any kind of
HPCI operation) are done to provide a benchmark for comparison
with future surveillance tests.

After the manual start portion of certain of the above tests is
completed, and while the system is still operating, small step
disturbances in speed and flow command are input (in manual and
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automatic mode respectively) in order to demonstrate satisfactory
stability. This is to be done at both low (above minimum turbine
speed) and near rated flow initial conditions to span the HPCI
operating range.

A continuous running test is to be scheduled at a convenient time
during the Startup Test Program. This demonstration of extended
operation should be for up to 2 hours or until steady turbine and
pump conditions are reached or until limits on plant operation
are encountered.

Pump flow testing will also be verified since auxiliary. boiler
supply is insufficient to fully test the sytem during the
Preoperational 'Test Program.

Acce tance Criteria — Level 1 - The average pump discharge flow
must be equal to or greater than the 100'/ rated value after 25
seconds have elapsed from automatic initiation at any reactor
pressure between 150 psig (10.5 kg/cm ) and rated;

The HPCI turbine shall not trip or isolate during auto or manual
start tests.

Level 2 - In order to provide an overspeed and isolation trip
avoidance margin, the transient start first peak shall not come
closer" than 15/ (of rated speed) to the overspeed trip,'nd
subsequent speed peaks shall not be greater than rated speed.

The speed and flow control loops shall be adjusted so that the
decay ratio of any HPCI system related variable is not greater
than 0.25.

The turbine gland seal condenser system shall be capable of
preventing steam leakage to the atmosphere.

The delta-P switch for the, HPCI steam supply line high flow
isolation trip shall be'alibrated to actuate at 300/ of the
maximum required steady state flow, with the reactor assumed to
be near the-pressure for main relief valve actuation.

(ST-16) Selected Process Tem eratures

Test Ob'ectives - The objective of this procedure is to establish
the proper setting of the low speed limiter for the recirculation
pumps to avoid coolant temperature stratification in the reactor
pressure vessel bottom head region.

completed. System instrumentation has been calibrated.

Test Method - During initial heatup while at hot standby
conditions, the bottom drain line temperature, recirculation loop
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suction temperature and applicable reactor parameters are
monitored as the recirculation flow is slowly lowered to minimum
stable flow. Utilizing this data it can be determined whether
coolant temperature stratification occurs when the recirculation
pumps are on and if so, what minimum recirculation flow will
prevent it.
Monitoring the preceeding information during planned pump trips
will determine if temperature stratification occurs in the idle
recirculation loops or in the lower plenum when one or more loops
are inactive.

Acce tance Criteria - Level 1 - The reactor recirculation pumps
shall not be started nor flow increased unless the coolant
temperatures between the steam dome and bottom head drain are
within 145~F.

The recirculation pump in an idle loop must not be started unless
the loop suction temperature is within 50 F of the active loop or
within 70~F of steam dome temperature.

Level 2 - Not Applicable.

(ST-17) S stem Ex ansion

Test Ob ectives -, The purposes of this test are to demonstrate
that (1) the reactor drywell piping system during system heatup
and cool-down is free to expand and move without unplanned
obstruction or restraint, (2) the piping does "shakedown" after a
few thermal expansion cycles, (3) the piping system is working in
a manner consistent with the assumptions of the stress analysis,
and (4) there is sufficient agreement between the calculated
values of displacements and the measured values of displacement.

calibrated.

Test Method - Hanger positions of major equipment and piping in
the Nuclear Steam Supply System and auxiliary systems in the
reactor drywell are recorded after each major thermal cycle until
a shakedown has taken place (normally about two cycles). During
intitial heatup, a visual inspection is made at an intermediate
reactor water temperature to assure components are free to move
as designed. Adjustments are made as necessary. Devices for
measuring continuous pipe deflections're mounted on main steam
and recirculation lines and motion during heatup is compared with
calculated values.

Acce tance Criteria - Level 1 - There shall be no obstructions
which will interfere with the thermal expansion of the main steam
and recirculation piping systems.
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The displacements at the established transducer locations shall
not exceed the allowable values.

Ievel 2 - The displacements at the established transducer
locations shall not exceed the expected values.

I

(ST-18) TIP Uncertaint

Test Ob 'ectives - The objective of this test is to determine the
uncertainty of the TIP system readings,

preoperational tests completed and verified. Instrumentation has
been calibrated and installed.

Test Mehtod - The TIP uncertainty consists of a random noise
component and a geometric component, the" geometric component
being due to variation in the water gap geometry and TIP tube
orientation from TIP location to location. Measurement of these
components is obtained by taking repetitive TIP readings at a
single TIP location, and by analyzing pairs of TIP readings taken
at TIP locations which are symmetrical 'about the core diagonal of
fuel loading and control rod symmetry.

The random noise uncertainty is determined from successive TIP
runs made at the common location (32-33) with each of the TIP
machines making six runs at index position lO. The TIP data will
be obtained by simultaneous operation of the Process computer OD-
2 program which provides 24 nodal TIP values for each TIP
traverse. The standard deviation of the random noise is derived
by taking the square root of the average of the variances at
nodal levels 5 through 22, where the nodal variance is obtained
from the fractional deviations of the successive TIP values about
their nodal mean value.

The total TIP uncertainty is determined by performing a compl'ete
'set of TIP traverses as required by Process Computer program OD-
l. The total TIP uncertainty is obtained by dividing the
standard deviation of the symmetric TIP pair nodal ratios by the
square root of 2. The nodal TIP ratio is defined as the nodal
BASE value of the TIP in the lower right half of the core divided
by its symmetric counterpart in the upper left half.

The geometric component of TIP uncertainty is obtained bystatistically subtracting the'random noise component from the
total TIP uncertainty.

The -TIP data will be taken with the reactor operating with an
octant symmetric rod pattern and at steady state conditions. One
set of TIP data will be taken at approximately 50'j power and at
least one other set at 75/ power or above. The acceptance
criteria for this subtest uses the "average uncertainties." for
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all data sets. Therefore additional performance of the subtest "
may be scheduled and the previous values of uncertainty will be
used in the averaging to determine the acceptability of the
results.

Acce tance Criteria - Level 1 - Not applicable.

Level 2 - The total TIP uncertainty (including random noise and
geometrical„uncertainties) obtained by averaging the
uncertainties for all data sets must be less than 6.0'/.

NOTE: A minimum of two and up to six data sets may be used to
meet the above criteria.

(ST-19) Core Performance

the core thermal power and, b) to evaluate the following core
performance parameters: 1) maximum linear heat generation rate
(MLHGR), 2) minimum critical power ratio (MCPR) and 3) maximum
average planar linear heat generation rate (MAPLHGR).

completed.

Test Method - The core performance evaluation is employed to
determine the principal thermal and hydraulic parameters .

associated with core behavior. These parameters are.:

Core flow rate

Core thermal power level

MLHGR

MCPR

MAPLHGR

Prior to the verification of the Process Computer in ST-13, an.
independent method will be used to:calculate there parameters.
After the successful completion of ST-13, the process computer
will be used.

Acce tance Criteria - Level 1 - The Maximum Linear Heat
Generation Rate MLHGR) of any rod during steady-state conditions
shall not excee'd the limit specified by the Plant Technical
Specifications.

The steady-state Minimum Critical Power Ratio (MCPR) shall not
exceed the limits specified by the Plant Technical
Specifications.
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The Maximum Average Planar Linear Heat Generation Rate (MAPLHGR)
shall not exceed the limits specified by the Plant Technical
Specifications.

h

Steady-state reactor power shall be limited to the rated MWT and
values on or below the licensed analytically determined power-
flow line.

Level 2 - Not applicable.

(ST-20) Steam Production Verification

that the NSSS is providing steam sufficient to satisfy all
appropriate warranties.

completed. All required instrumentation is installed and
calibrated.

Test Method - A NSSS steam output performance test of 100 hours
of continuous operation at the warranted steam output will be
performed.

Acce tance Criteria - Level 1 - The NSSS parameters as determine'd
by using normal operating procedures shall be within the
appropriate license restrictions. Each NSSS shall be capable of
supplying 13,432,000 pounds per hour of steam of not less than
99.7/ quality at a pressure of 985 psia at the outlet of the
second main steam line isolation valve, as based upon a final
feedwater temperature of 380~F, measured as near the reactor
pressure vessel as practicable, and a contro'1 rod drive feed flow
of 39,000 pounds per hour at 80~F. = The 'reactor feedwater flow
must equal the steam flow less the rod drive feed flow. Thermal-
dynamic parameters are consistent with 1967 ASME Steam tables.
Correction techniques for conditions that differ from the
preceeding will be mutually agreed to prior to the performance of
the test.

Level 2 - Not applicable.

(ST-21) Core Power-Void Mode Res onse

Test Ob ectives - The objective of this test is to measure the
stability of the core power-void dynamic'response and to
demonstrate that its behavior is within specified limits.

completed. Instrumentation has been calibrated.

Test Method - The core power void loop mode that results from a
combination of the neutron kinetics and core thermal hydraulic
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dynamics is least stable near the natural circulation end of the
rated 100 percent power rod line. A fast change in the
reactivity balance is obtained by moving a very high worth rod
only 1 or 2 notches and by simulating a failure of the pressure
regulator.

A'cce tance Criteria - Level 1 - The transient response of any
system related variable to any test input must not diverge.

Level 2 - Not applicable.

(ST-22) Pressure Re ulator

Test Ob 'ectives - The objectives of this test are to demonstrate
the takeover capability of the backup pressure regulator upon .

failure of the controlling pressure regulator and to demonstrate
smooth pressure control transition between the control valves and
bypass valves when reactor steam generation exceeds steam flow
used by the turbine.

completed. Instrumentation has been checked or calibrated as
appropriate.

Test Method - The pressure set point will be decreased rapidly
and then increased rapidly by about 10 psi and the response of
the system will be measured in each case. It is desirable to
accomplish the set point change in less than 1 -second. At
specified test conditions the load limit setpoint will be set so
that the transient is handled by control valves, bypass valves
and both. The backup regulator will be tested by simulating a
failure of the operating pressure regulator so that the backup
regulator takes over control. The response of the system will be
measured and evaluated. \

Acce tance Criteria - Ievel l - The transient response„of any
pressure control system related variable to any test input must
not diverge.

Level 2

a) Pressure control system related variables may contain
oscillatory modes of response. In these cases, the
decay ratio for each controlled mode of response must
be less than or equal to 0:25 when operating above
lower limit of the automatic load following range.

b) When in the recirculation manual mode, the pressure
response time from initiation of pressure setpoint step
change to the turbine inlet pressure peak shall be '10
seconds.
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Pressure control system deadband, delay, etc., shall be
small enough that steady state limit cycles (if any)
shall produce steam flow variations no larger than +0.5
percent of rated steam flow.

d) The normal difference between regulator set points must
be small enough that the peak neutron flux and/or peak
vessel pressure remain below the scram settings by 7.5
percent and 10 psi respectively, for the Regulator
Failure Test performed at Test Condition 6 ~

(ST-23) Feedwater S stem

Test Ob ectives - The objectives of this test are a) to
demonstrate acceptable response to the feedwater control system
for reactor water level control, b) to demonstrate stable reactor
response to subcooling changes,i.e. loss of feedwater heating,c)
to demonstrate the capability of the automatic core flow runback
feature to prevent low water level scram following the trip of
one feedwater pump, and d) to demonstrate the maximum feedpump
runout capability is compatable with licensing assumptions.

completed. Instrumentation has been checked or calibrated as
appropriate.

Test Condition l - At Test Condition (TC) with the water level
being automatically controlled using the low load valve and the
recirculation system in Manual, +5 inch step changes in the water
level setpoint will be made .to demonstrate proper response and
operability of the feedwater system at low reactor power.

At Test Conditions 2, 3 and 6, with one feedwater pump in manual
and the others in auto, a +5/ change in the manually controlled
feed pump will be made. The response of the feedwater system to
these steps will be analyzed and compared to th'e applicable
acceptance criteria. The recirculation system will be in manual
for these tests. At" Test Conditions l, 2, 3, 4, 5 S 6, with the
recirculation system 'in manual, +5 inch changes in the water
level setpoint will be made to demonstrate proper response and
stability of the feedwater system. At TC 6, this test will also
be done with the recirculation system in auto.

At approximately 80/ power, a simulated loss of power to the
extraction steam bleeder-trip valves will be initiated which will
result in the'most severe restriction of extraction steam to one
feedwater heater string. Recordings of the transient will be as
analyzed and compared, to the predicted response and acceptance
criteria.
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At Test Condtion 6, one feedwater pump will be tripped to
demonstrate the capability to avoid a scram and prevent a low
reactor water level trip 'due to the loss of one feedwater pump.

A maximum feedwater runout capability test will be done to
demonstrate that the actual capability, is compatible with
licensing "assumptions.

Acce tance Criteria - Level 1 - The transient response of any
level control system-related variable to any test input must not
diverge.

For the feedwater heater loss test, the maximum feedwater
temperature decrease due to a single failure case must be less
than or equal to 100~F. The resultant MCPR must be greater than
the fuel thermal safety limit.
The increase" in heat flux cannot exceed the predicted Level 2
value by more than 2/. The predicted value will be based on the
actual test'values of feedwater temperature change and power
level.

The feedwater flow runout capability must not exceed the assumed
value in the FSAR.

Ievel 2 - Level control system-related variables may contain
oscillatroy modes of response. In these cases, the decay ratio
for each controlled mode of„ response must be less than or equal
to 0.25.

The open loop dynamic flow response of each feedwater actuator
(turbine or valve) to small (glO/) step disturbances shall be:

(1) Maximum time to 10/ of a step disturbance „ 1.1 sec.
(2) Maximum time from 10'/ to 90/ of a step disturbance 1.9 sec.
(3) Peak overshoot (/ of step disturbance) 15%

The average rate of response of the feedwater actuator to large
(20/ of pump flow) step disturbances shall be between 10 percent
and 25 percent rated feedwater flow/second. This average
response rate will be assessed by determining the time required
to pass linearly through the 10 percent and 90 percent response
points.

The increase in heat flux cannot exceed the predicted value
referenced to the actual Feedwater temperature change and the
initial power level.

A scram must be avoided from low water level with a 3 inch margin
following a trip of one of the, operating feedwater pumps.

(ST-24) Turbine Valve Surveillance
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Test Ob ectives -, The objective of this test is to demonstrate
acceptable procedures and maximum power levels for periodic
surveillance testing of the main turbine control, stop, intercept
and bypass valves without producing a reactor scram.

completed. Instrumentation has been checked or calibrated as
appropriate.

Test Method - Starting at 45 to 65/ power, and continuing at
progressively higher power levels, each turbine control, main
stop and intermediate stop valve will be closed individually and
the response of the"reactor will be observed. The margin to
scram for reactor pressure and neutron flux and the margin to"
main steam line isolation will be plotted for each tested power
level. These plots will be used to determine the maximum power
level at which turbine valve surveillance testing can be
performed. The test of the control, main stop, intermediate stop
and bypass valves are performed at the predicted'ighest power
level to demonstrate that the Acceptance Criteria are satisfied.
Rate of valve stroking and timing of the close-open sequence will
be such that minimum -practical disturbance is introduced and that
PCIOMR limits are not exceeded.

Acce tance Criteria - I,evel l - Not applicable.

I,evel 2 - Peak neutron flux must be at, least 7.5/ below the scram
trip setting. Peak vessel pressure must remain at least 10 psi
below the high pressure scram setting. Peak steam flow in each
line must remain 10'j below the high flow isolation trip setting.

k

(ST-25) Main'team Isolation Valves

Test Ob'ectives - The objectives of this test are (a) to
functionally check the main s'team isolation valves (MSIVs) for
proper operation at selected power levels~ (b) to determine
reactor transient behavior during and following simultaneous full
closure of all MSIVs, (c) to determine isolation valve closure
time and i(d) to determine the maximum power at which a single
valve closure can be made without a scram.

completed. Instrumentation has been checked or calibrated as
appropriate.

Test Method - The Main Steam Isolation Valves (MSIVs) are
operated during this test to verify their functional performance
and to determine closure times. While functionally testing the
operation of the MSIVs, the time necessary for closing each
individual valve will be noted. The fastest MSIV will then be
tested to determine what power level an MSIV can experience fast
closure without causing a scram. All MSIVs will later be used to
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demonstrate a full isolation subsequently leading to a scram.
(The Nuclear Steam Supply Shutoff System (NSSSS) logic will be
used to initiate the full isolation). The acceptability of the
fast criteria (3 seconds) is determined by utilizing the full
stroke time without dealy extrapolated from measured stroke times
between 10/ closed and 90$ closed. The acceptability of the slow
criteria (5 seconds),is determined by utilizing the full stroke
time with delay extrapolated for the final 10$ of stroke.

Acce tance Criteria - Level 1

The positive change in vessel dome pressure occurring within 30
seconds after closure of all MSIVs must not exceed predicted
values by more than 25 psi.

The positive change in heat flux following closure of all MSIVs
shall not exceed predicted values by more than 2~ of rated value.
Following the closure of all MSIV's, the reactor must scram to
limit the severity of neutron flux and heat flux transients.

The average of the closure times for the fastest MSIV in each
steam line, exclusive of electrical delay, shall not be less than
3.0 seconds.

Closure time for any MSIV, exclusive of electrical delay, shall
not be greater than 5.0 seconds.

Closure time for the fastest MSIV shall be greater than or equal
to 2.5 seconds.

Feedwater control settings must prevent flooding the main steam
lines during the full isolation test.

The time delay between the close initiation signal and the
extrapolated initial valve movement from 100/ open for any MSIU
shall be less than or equal to 0.5 seconds.

Level 2 - The positive change in vessel dome pressure occurring
within the first 30 seconds after the closure of all MSIVs must
not exceed the predicted values, Predicted values will be
referenced to actual test c'onditions of initial power level and
dome pressure and will use beginning of life nuclear data.

The change in heat flux occurring within the first 30 seconds
after the closure of all MSIVs must not exceed the predicted
values. Predicted values will be referenced to actual Test
Conditions of initial power level and dome pressure and will use
beginning of life nuclear data.,

If water level reaches Level 2 setpoint during the MSIV fuel
closer test, RCIC shall automatically initiate and reach rated
flow.
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During the MSIV full closure test, the relief valves must reclose
properly (without leakage) following the pressure transient).

During,full closure of.,individual MSIVs, peak vessel dome
pressure must remain at least 10 psi below scram setting value.
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During full closure of individual MSIVs, peak neutron flux must
remain at least 7.5'j below scram value.

During full closure of individual MSIVs, steam flow in individual
lines must remain at least 10/ below the high flow isolation trip
setting.

During full closure of individual MSIVs, the peak heat flux must
remain at least 5$ less than its scram value.

If water level reaches the reactor vessel low water level (Ievel
2) setpoint, RCIC shall automatically initiate and reach rated
flow.

(ST-26) Relief Valves

Test Ob 'ectives - The objectives of this test are to verify that
the relief valves function properly, reseat properly after
operation and contain no major blockages in the relief valve
discharge piping.

completed. Instrumentation has been checked or calibrated as
appropriate. Factory test results on SRV flow and operating times
have been reviewed.

Test Method - Testing done at 250 psig reactor pressure consists
of cycling each relief valve to verify proper operation. The
transient monitoring system will be used to record the results of
this test. The data collected will compare the operation of
individual relief valves against the operation of all relief
valves. During relief valve operation, core power - and
therefore steam generation rate - is maintained constant. The
pressure control system will close the bypass valves an amount
proportional to the relief valve steam flow to maintain constant
reactor pressure. This bypass valve motion will be monitored and
a comparison of the response for each relief valve operation, will
be made. If differences exist, it could suggest a partial
obstruction of the relief valve or its tailpipe. Tailpipe
temperature will be recorded to verify the relief valve has
properly reseated. Reactor variables will also be recorded to
verify system stability during opening and closing each relief
valve.

Testing done at rated reactor pressur'e consists of manually
operating each relief valve at rated reactor pressure. The
decrease in Main Generator output will be monitoried during the
operation of each relief valve to provide an indication of relief
valve flow. By comparison of the generator output response for
each relief valve operation, any flow obstruction in the valve or
its tailpipe can be identified. Each valve will be opened for
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approximately 10 seconds to allow for variables to stabilize.
Reactor vaziables vill alsc be recorded to verify system

~ stability durinq opening and closinq each relief valve.

Accqpga3qe C~geggy - /eve 1

There should be a positive indication of steam discharge during
the manual actuaticn cf each valve.
Level 2 - Pressure control system-related variables may containoscillatcry modes of response. In these cases, the decay ratiofor each ccntrolled mode of response must be less than or equalto 0 25

The temperature measured by thermocouples on the discharge side
of the valves shall return to within 10DF of the temperature
recorded before the valve vas cpened.

During the 250 psiq functional test, the steam flow through eachrelief valve, as measured by the initial and final bypass valveposition, shall nct be less than 10% cf bypass valve position
under the average of all bypass valve responses.

Durinq the rated pressure test, the, steam flow through eachrelief valve, as measured by tlute shall not be less than 0.5$ ofrated HWe less than the avezaqc of all the valve responses.

gS'X-27/ Tuj;bgne Tgig and Geneggtor Load Rejection

Test Objecggveg — Th'e objective of this test is to demonstrate
the respcnse cf the reactor and its control systems tc protectivetrips in the turbine and generator.

ggegeggi~i~es - -The required pzeopezational test have been
completed. All instrumentaticn has been calibrated.
Test Method — At Test Condition 3 a turbine trip vill be
manually initiated by depressinq the Turbine Trip pushbutton in
the main ccntrol room. At lest Ccndition 6, a generator loadrejection will,. be manually initiated by remotely opening the
generator synchronizing breaker from the ccntrol zocm. During
both transients, reactor water level, pressure, neutron flux and
simulated heat flux will be recorded and compared to predictedresults and acceptance criteria.
At approximately 24% power, a qenerator load rejection within
bypass capacity will be manually initiated as described above.
This vill demonstrate the ability tc ride through a lead
refection within bypass capacity without a scram.
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During all 3 transients, main turbine stop, control and bypass
valve positians and reactor water level will be recorded and
compared to the acceptance criteria.

a) Por Turbine and Generatcr trips there should be a delay
cf no more than O.l seconds following the beginning cf
contzcl or stop valve closure befoxe the beginning of
bypass valve opening. The bypass valves should be
opened to a pcint corresponding to gzeater than or
equal to 80 percent cf full open within 0.3 seconds
from the beqinninq cf central oz stop valve closure
motion.

b) Peedwater system settings must prevent flooding of the
steam line follawinq these transients.

c) The pcsitive chanqe in vessel dome pressure occurring
within 30 econds after either generator or turbine
trip must net 'exceed the level 2 criteria by more than
25 psi.

The positive chanqe ir. simulated heat flux,shall not exceed the
Level 2 criteria hy uare than 2% cf rated value'.

t
',4

Level 2

a) There shall be na NSIU clcsuze in the first 3 minutes
cf the transient and operator action shall not be
required in that pezicd tc avoid the NSXU trip.

ll i 1V
4

The positive change in vessel dome pressure and in',
simulated heat flux which occur within the first 30
seconds after the initiation of either generator or
turbine trip must not exceed the predicted values.

)Predicted values will ke referenced ta actual test
conditions cf initial paver level and dame pressure and
will use beqinninq af life nuclear data.

c) For the Generator trip within the bypass valves
capacity, the reactcz shall nat scram foz initial
thermal pcwer values less than or equal ta 25 percent
of rated.

EST-28~ Shutdown from Outside /he H~ai Contgog Roon

Test gbQec~t ye — The ah/ective of this test is tc demonstrate
that the reactcr can he shutdown, maintained in a hot shutdown
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condition and cooled from hot shutdown ~~ cold ahutdcwn, all
from outaide the main contzol zcom.

Pgege9uisites — The required pzeoperational tests have been
completed. Xnatrumentaticn haa been checked or calibrated as
appropriate.

Test Method — Mhile operatinq at approximately 30% power
synchronized to the qzid with normal electrical system alignment,
the control room will be evacuated and the reactor scrammed frcm
outside the control rccm. Reactor level and pressure will then
be controlled fzcm outside the main control room. The Shutdown
Cooling mode of RHB will be placed into service with water supply
from the ultimate heat sink. Eurinq this demonstration, some
superviscry and operatinq peracnnel will remain in the control
rocm to protect non-aafety-related equipment from unnecessary
damage if conditions arise and to assume control of the plant if
conditions warrant.

Acceptance Cgitegia - Leva/ 1 — Not applicable.
Level 2 - Burinq a simulated ccntzol rccm evacuation, the reactor
must he brouqht to the pcint where cooldown is initiated and
under control, and the reactor vessel Fressure and water level
are controlled uainq equipment and controls outside the control
rcom. The test ia deemed successful when reactor pressure is
less than 135 paiq and the RHR shutdown cooling system has been
put in cperation.

The objectives of this teat are:

a) To demonstrate the flew ccntrcl capability of the plant
over the entire pump speed range, includinq individual
local manual, ccmhinad laster manual Operation and,
Automatic Lead Pcllcwinq.

h) To determime that all electrical compensators and
contzcllers are set for desired system performance andstability.

Prezeguiaites — The required pzeoperational testa have been
completed.

All instrumentation has been calibrated.
Tg~t Method — At Teat Conditicna 1, 2 ~ 3 ~ 5 and 6 the stability
of the recirculation flew ccntzcl system is demonatzated hy
performinq step changes in zecizculation pump speed while in the
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manual mode. This testing is also done in the auto mode at Test
Conditions 3, 5 and 6. Ramp changes in recirculation pump speed
are done along the 100% rod line to demonstrate operability and
stability in the auto mode and to set the lower limit of auto
mode operation.

Acce tance Criteria - Level 1 — The transient response of any
system-related variable to any test input must not diverge.

Level 2 —A scram shall not occur due to recirculation flow
control maneuvers, C

The APRM neutron flux trip avoidance margin shall be greater than
or equal to 7.5% when the power maneuver effects are extrapolated
to those that would occur along the 100% rated rod line.

The Automatic Load Following (ALF) range along the 100% rated rod
line shall be as specified in the plant contract. The power
changes in the ALF mode for small, medium or maximum load change
commands shall meet the time requirements specified in the plant
contract.

The decay ratio of any oscillatory controlled variable must be
less than or equal to 0.25.

Steady state limit cycles (if any) shall not produce turbine
steam flow variations greater than +.5% of rated steam flow.

In the scoop tube reset functions, the speed demand meter must
agree with the speed meter within 6% of rated generator speed,
along the 100% rated rod line.

ST-30 Recirculation S stem

a ~ Obtain recirculation system performance data during
pump trip, flow coastdown, and pump restart.

b. Verify that the feedwater control system can
satisfactorily control water level without a resulting
turbine trip and associated scram.

C ~

d.

Record and verify acceptable performance of the
recirculation two pump circuit trip sytem.

Verify the adequacy of the recirculation runback to
mitigate a scram upon loss of one feedwater pump.
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e. Verify that no zecizculation system cavitation will
occur in the operable region of the power-f los nap.

Pgegeguig~eg - The required preoperational test have been
conpleted. Instrumentation has been checked oz calibrated as
appropriate.

T~t /~ad - Single recirculation pump trips will he made at
Test Condition [TC) 3 and TC-6. These trips vill he initiated by
tripping the 8-G Set Drive Hater Breaker from the ccntrcl roam.
Reactor parameters sill be recorded during the transient and
analyzed to verify non-divergence of oscillatory responsesg
adequate margins to RPS scram set paints, and capability of the
feedwater system to prevent a high level trip. The capability to
restart the recirc pump at a high poser level will also be
demcnstrated. At TC-3 ~ both recirculation pumps RPT breakers
will he sinultaneously tripped asinq a temporarily installed test
ssitch. The data gathered will be used to demonstrate acceptable
pump coastdovn performance prier to high, poser turbine trips and
generatcz lead zegevcts.

A loss of a reactor feed pump sill he simulated at IC-3 to
demonstrate the proper operaticn cf the recirculaticn pump
runback circuits. This is done prior to an actual planned feed
pump trip.
Btth the get pumps and the necipculatiun pumps sill cavit ate at
condition of high flew and los power where NPSH demands are high
and little feedsater suhccalinq occurs. Hovever, the
recirculation flow sill automatically runback upon sensing a
decrease in feedwater flow. %be maximum recirculation flow is
limited by appzcpziate stops shicb will run back the
recirculation flow frcm the pcasihle cavitation region. At TC-3,it will he verified that these limits are sufficient to prevent
operation where recirculation pump or get pump cavitation occurs.

Accggggnce Cggggg~a -~eve/ g - The response of any level related
vaziables during a pump trip 'must nct diverge.

The two pump drive flew ccastdcsn transient, during the first 3
seconds cf an RFT trip, must he equal to or faster than
specified.
Level 2 - The reactor shall not scram during the ane pump trip.
The APRM margin to avoid a scram sball be at least 7.5% duringt'e one puap trip recovery.

The reactor eater level margin to avoid a high level trip shall
be at least 3.0 inches during the one pump trip
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The data from the twc pump drive flow coastdovn transient shall
he analyzed by G.E. — San Jcae to ensure compatahility with,thesafety analysis.
Runback logic shall have aettinqa adequate to preventrecirculation pump operaticn in areas of potential cavitation.
The recirculation pumps shall runback upon a trip of the'unbackcircuit.

QST-3g~ L~s~ of Tugh~g-~Ggegggog agd Ofgygte
Pcs'egt

O~bec~tveg — The ohgectivea of this test are to demonstratethat the required safety syatesa will initiate and function
properly without manual assistance, the electrical distribution
and diesel generator systems will function properly, and the HPCI
andgoz RCIC systems will maintain vater level if necessary during
a simultaneoua loss of the main turbine-generator and offsite
power.

Prezeguiaites - The required pzeoperational testa- have been
completed. Instrumentation haa been checked or calibrated asappropriate.

Teyt gethog — Rith the unit synchronized to the grid at
approximately 30% power, the nain turbine-generator vill Re

i
manually tripped immediately fcllcwed by a manual trip of theunit'a offsite poser source breaker, both trips initiated from
the control room. To ensure a full simulation of the loss of alloffsite power tc Unit 1 duzinq Unit 1 testing, all Unit 1 and
Common leads vill he transferred to Unit 1 Auxiliary and Startup
Busses and appropriate hreakeza racked cut to prevent automatictransfer of the loads to Unit 2 sources. During Unit 2 testing,to ensure a full simulaticn of the loss cf all offsite power toUnit 2 while minimizing the impact on Unit 1 operations, all Unit
2 leads will he transferred to Unit 2 Auxiliary and Staztup
buaaea, all Unit 1 and common loads vill be transferred tc Unit 1Auxiliary and Startup Busses, and appropriate breakers will he
racked out to prevent autcmatic transfer of Unit 2 loads to Unit
1 scuzcea.

Reactor water .level
monitored to verify
The proper reapcnaechecked.'nd

the operation of safety systems will he
that the acceptance criteria areaatisfied.
of the electrical distribution system will be

The less of offaite pcvez ccnditicn vill he maintained for atleast 30 minutea to demonstrate that necessary equipment,controls and indicaticn are available folloving station blackout
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to remove decay heat from the core. using only emergency power
supplies and distribution system.

Accepgance Criteyia -~evel 1 — all safety 'systems such as" the
Reactor Protection System, the diesel-generator, RCXC and HPCX
must function properly without manual assistance, 'and HPCX, and/or
RCIC system. action, if necessary <.sha11. keep the reactor water
level above the in'itiation level of Core Spray; LPCI and ADS.

V

Level 2 - Hot applicable.

/ST-32) Containment Atmosphere and Hain. Steam Tunnel Cooling

Test Objective - The objective of this test is to verify the
ability of the drywell coolers and circulation fans and the ZoneI reactor building HVAC. system and the main- steam'tunnel coolers
to maintain design conditions in the drywell and reactor building
portion of the mainsteam tunnel, respectively, during operating
conditions and post scram conditions. v

v

Prereguigites - The required preoperational tests have been
completed. Instrumentation has been checked or calibrated" as
appropriate.

m

Test Hethod — During'eatup .at test conditions 2 and 6 and
following a planned scram from 100% power, data will be taken to
ascertain that the containment atmospheric conditions are within
design limits.
Acceptance Criteria — Level 1 - not applicable

Level 2 — The general drywell area is maintained at an average
temperature. less than or egual to 135oP, with maximum local
temperature not to exceed 150OP except for the areas beneath the
reactor pressure vessel and around the recirculation pump motors
which are specified in succeeding criteria.

I

The area beneath the reactor pressure vessel is maintained at an
averaqe temperature less than or equal to 135~F, maximum local
temperature not to exceed 165OF, with minimum local temperature
above 100DP.

The area around the recirculation pump motors is maintained at an
average temperature less than or equal to 128OP, with maximum
local temperature not to exceed 135~P.

The drywell head area is maintained at temperatures between 135OP
and 150OP.

The reactor building portion of the mainsteam pipeway is
maintained at or below 120oP.
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Test Objectives - The purpose of this te'st is to 1) assess thatvibration levels from the various dynamic loadings duringtransients and steady-state conditions, 2) assure that long term
fatigue failure will not occur due to underestimating dynamicseffects caused by cyclic loading during plant transient
operations„ and 3) assure that vibration levels at therecirculation and main steam piping systems meet acceptablelimits.
Prepreguiggtes' Xnstrumentation has been installed and
calibrated.
Test Method - Devices for measuring continuous vibration are
mounted on main steam and recirculation lines and vibration
durinq steady state and transient operation is compared with
calculated values.

Acceptance Cgiter|g - gevel 1 - The measured amplitude {peak to
peak) of main steam 'and recirculation line vibration shall not
exceed the allowable values.

Level 2 — The measured amplitude {peak to peak) of main steam andrecirculation line vibration shall not exceed the expected
values.

(ST-34) Control Rod Seauence Bxchanae

(This test number was previously assigned to the RPV InternalsVibration test which is now performed during the Preoperational
Test Proqram. The test description for the RPV Internals
Vibration test is now in TP2.16 which follows the abstract for
P64 1 )

Tegt Objective — The objective of this test is to perform a
representative sequence exchange of control rod patterns at the.
power level at which such exchanges will be done during plantoperation and demonstrate that core limits and PCXOMR thresholdlimits will not be exceeded.

Prereguisites — Instrumentation has been checked or calibrated as
appropriate.
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Test method — The control rod sequence exchange begins on the 100
percent. load line by reducinq core flow to minimum and reducing
thermal power to between the lcw power set point of the rod worth
minimizer 1[or the rod seguence control system) and the thernal
power necessary to keep ncdal powers below the PCIOHB threshold.
Also, in reducinq thermal powez, care is taken to avoid exceeding
the desiqn limits of the core total peaking factor. The ensuing
steps involve utiliiinq the system process computer followed by
APBH data and extensive utilization of the TIP. machines. The
exchanqe is perforned a rcw oz column at a time. Acceptance
Criteria are verified by takinq and analyzing TIP traces of the
affected TIP locations taken at the conpletion of every two rows
(oz columns) .

acceptance Cpigehia -~encl 1 — Completion or the exchange of one
rod pattern for the ccapliaentarp pattern uith continual
satisfaction of all licensed coze limits. constitutes satisfaction
of the requirements cf this prccedure.

Level 2 - All ncdal powers shal'1 remain below their PCIOMB
threshold limit durinq this test.

Test Oh~ective~ - The objective of this test is to perform a
complete calibraticn cf the installed recirculation system flow
instrumentation.

Prezeguisiges — The required 'pzeoperational tests have been
completed. Instrumentation has been checked or calibrated as
appropriate.
Te t aethog — Durinq the te tinq prcgram at operating condition
which allow the recirculaticn system to be operated at speeds
required for rated flew at rated poser, the jet pump flow
instrumentation will be adjusted to:provide correct flow
indicaticn based cn the jet pump flew.
After the relaticnshi g between drive flow and core flow is
established, the flow biased APBH/RKH system will be adjusted to
match this relationship.
Acceptance Cgite~iy - gevel 1 — Nct applicable.
Level 2 - Jet pomp flew instrumentaticn shall be adjusted such
that the jet pump total flos recorder sill provide a,correct core
flow indication at rated conditions.
The APRHgRBH flow-bias instrumentation shall be adjusted to
functicn properly at rated conditions.
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/ST-$~6. C~ogg ng Qqfgg~~g~

Test Obg~c~t~vs — The objective of this test is tc verify that
the perfcrmance of the Reactor Building Closed Cooling Hater
(RBCCH), the Turbine Building Closed Cooling Hater (TBCCQ), and
Service Hater Systems are adequate with the reactor at rated
temperature.

Pregggui~iteg — The required pxeoperational tests have keen
completed. Instrumentation has been checked or calibrated as
appropriate.
Test Nethod - Hith the reactor at rated pressuze followinginitial heatup, data sill he oktaincd to verify that the heat
exchanger outlet temperatures axe within design values. Plow rate
adjustments wi11 be made as necessary to achieve satisfactory
system performance. The test will ke repeated at selected poserlevels tc verify continued satisfactory performance with higher,plant heat loads. 1

Acceygancg cgjf~egg - I,egeg 1 — Nct applicable.
I.evel 2 — All controls operate properly and heat exchanger
capacities meet the requirements of design specifications.

Test gbQecgive~ — The objective of this test is tc demonstrate

l
the proper operation cf the Gaseous Radwaste System and the
containment nitrogen inertinq system during plant operation.
Pr~eeauisites — The required pxeopexational tests have been
completed. Instrumentation has been checked or calibrated as
appropriate. In addition, the 100% power trip testing shall have
been completed cx 120 effective full pcwer days shall not have
elapsed prier tc pexforminq the nitrogen inerting test.
Test method - The pressure, temperature, relative humidity,
system flow and percentaqe cf xadiolytic hydrogen in the offgas
are periodically mcnitored during startup and at steady-state
conditions. Pxcvided that measurable and sufficient fission
qases and fissicn qas daughter prcducts are present in the
offqas, decontaminaticn factors across sevezal charcoal beds are
determined. Pox the nitxcqen inexting system, the pxcpez
nitroqen concentration will be verified by the as installed plant
oxyqen detectors/instruments in the two major volumes of the
primary, containment.
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AGcSPSaSce gg4ggggg - Level 1 - The release of radioactive
qaseous and particulate efflueats must not exceed the limits
specified in the site technical specifications. There shall be
no loss cf flow of diluticn steam to the noncondensing stage when
the steam get air egectors are pumping.

Level 2-Ihe system flow, pressuxe, temperature, and irelative
humidity sha11 comply with desiqn specifications. The catalytic
reccmbiner, the hydroqea analyzer, the activated carbon beds and
the filters shall he perforninq their required function.
The coataiameat nitrogen inezting system shall be capable of
inerting the primary contaiameat free volume within 24 hours from
the start of the test and the resulting oxygen concentration
shall be less than cr equal to 4%.

Test O~b ~ac ives — The purpcse cf this test is to demonstrate that
the piping systems identified in %able 3.9-33 respond to thermal
expansion consistent with stress analysis results.
gggr'eguisiggg — 'Eagiaeezinq review cf the piping ystem is
completed. Iastrumentaticn has been installed and calibrated
Test Method — Devices fcr measuriaq continuous pipe deflections
are mcunted on piping systems'hich are iaaccessable during power
opezatiors aad motion duzinq operation is compared with
calculated values. Accessable piping systems will be walked dawn
aad inspected visually.
AccgP~ange Cgigegia - J,evil l — There shall be no obstzuctions
which will interfere with the desiqaed thermal expansion of the
tested pipiaq systems.

The displacements at the estab2isbed transducer locations shall
not exceed the allowable vines.
gevel 2 — The displacements at the established transducer
locations shall nct exceed the expected values.

g ST„-3 9/ BOP ggPggg J~aygc Tg agape Jts

gest gbQecggve - The objective of this test is to demonstrate
that system piping identified in Table 3.9-33 is adequately
designed and restrained tc with tand the transient loading
condition listed in %able 3.9-33.

Rev. 23, 6/81 14. 2 c3



greregyi~i~eg: Enqineerinq review of the piping system after
conatruction is ccmpleted. Instrumentation has been installed
and calibrated.
Teyt ~echo — Devices fcr meaauring continuous loads,
displacements, acceleraticna and gresaures are mounted on piping
syatems and reaponaea during transients are compared with
calculated values. Those pcrticna of the systems which are non-
safety related are visually inapected prior to, during and
subaequent to the transient loadinq condition.

Accegt~ace C+feg~i-~evel l — The maximum measured loads,
displacementa, acceleraticna and gresaures shall not exceed the
allowable values.

I.evel 2 - The maximum measured loads, displacements,
accelerations and pressures shall nct exceed the expected values.
On visually inspected systems, no excessive piping response was
observed and that post transient walkdown showa nc aiqna of
excessive pipinq response (such aa damaged insulation, markings
on pipinq, structural or hanqer steel, or walls', damaged pipe
supports, etc.) .

Teat O~b ective - The cbgective cf this test is tc demcnatrate
that the steady state vibratory levels of the pipinq systems
listed in Table 3.9-33 are within acceptable limits.
grg~eguiai~ieg — Enqineerinq review of the piping system is
complete. Instrumentation haa been installed and calibrated.
Test Method — Devices fcr meaauzinq continuous vibration are
mounted cn pipinq systems which are inaccessable during power
operations and vibrations durinq steady state operations are
ccmpared with calculated values. Accessa'ble piping systems will
be walked down and inapected visually.
Acceptance Cgigegiy — Lgygg g - The maximum measured amplitude
(peak to peak) aha11 not exceed the allowable values.

Level 2 - The maximum meaaured amplitude (peak to peak) shall not
exceed the expected values. The piping may be qualified as
acceptable, if upon visual examination, a qualif ied test engineer
gudqea the vibratcry reaponae tc be within acceptable limits.
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14eda~l.g ~ggged~d p~ce ~add Jdeg~ccedude dbdtrac~t

Tests camprisinq the Acceptance Test procedures are listed in
Table 14.2-2. Ecr each'eat a de cription is provided for
oh)ective, prerequisites, method and acceptance criteria, where
applicable. Hodificaticna tc these descriptions will hereflected in amendnenta to the PSAR.

A3 1 13~8 $ V Sg~J Q~CPTA~CJ EST

Tegt O~hec~i~e — To demonstrate the capability of the 13.8 kV
system tc provide electrical pcwez to the Startup and UnitAuxiliary 13.8 kV Busses by demcnatzatinq the prcper operation ofbreakers, relaying and lcqic, germi sive and prohibit interlocks,
and inatzumentaticn and alarms.

Prese uj,~pter — Conatzuctian ia completed to the extent necessarytc pezfazm this test and the ayatema aze turned over to the ISG.
Required 230 kV tranamissicn linea are available to energize the13.'8 kV system. Required instruments and protective relays arecalibrated.and centrals are operable.

Te~~t Hethad — Breakers are opened and closed by opezatinq orsimulatinq controls tc verify breaker operation, relaying andlogic, permissive and prohibit interlocks, instrumentation and
alazma, and autcmatic transfers.
Acceptance Cgiterja — The system performance parameters aze in
acccrdance with applicable design dccuments.

A7. 1 XIGHTING SYSQZH ~ AgD NISCQIXANQCUS 120V DIST BIBDTION
ACCEPTANCE T EST

Test Objectives — To demonstrate the ability of the PlantLiqhtinq System tc prcvide normal lighting in all areas of theplant and emergency lighting in designated areas of the plant.
Pggxeg~u'~iteg — Ccnatzucticn ia ccmplete to the extent neces arytc perform this test and the system is turned over to the ISG.
Normal and eaaentia1 480 vclt AC and 125 volt DC power isavailable. Required test instruments are calibrated and controls
are operable.

Test method — The syatems operation is tested hy measuring
voltaqe regulation and by verifying proper switchover from normalto emergency power. The emergency CC liqhtinq ia tested to
provide liqhtinq in deaiqnated areas upon loss of all AC power.
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Pcc~ef~n~e-~eg~a — The system performance parameters are in
acccrdance with the applicable desiqn document.

All $ STQJXQJ QJBJI/CJ IIATJJ SASTEJ A~CC PTANQE TNS'T

Test Obgec~ie - 'Xo demonstrate the capability of Station Service
Water System to provide coolinq water to connected
components/systems.

Jlgegegui~ai eg — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Required instruments are calibrated and controls are cperable.
Required electrical pcwer supply systems are available Mater
supply frcm the coolinq Tower is available.

Test Method — System cperation is initiated normally. The system
is cperated in the different desiqn modes and Service Mater Pump
performance is determined. Required controls are qyerated or
simulated signals are applied tc verify automatic features,
system interlocks and alarms.

Acceptable Cggggggg — The system performance parameters are in
accordance with applicable desiqn documents.

A15.$ 'JBCCM SQSggg ACCK$$$J~C TJST

Test Objective - To demcnstrate proper operation of the TBCCM
system, specifically to furnish cooling water to miscellaneous
turbine plant .heat exchanqers, coclers, and chillers, and to
demcn trate the abiltiy of a tandby pump to automatically
replace the operatinq pump in case of pressure loss in the
header.

Pgereguisites — Construction is completed to the extent necessary
tc perform this test and the system is turned over to the XSG.
Required electrical pcwer supply systems are available to
energize the necessary 08C volt mctcr ccntrol centers. Required
inszueents are caliLrated and contrcls are available. The
service water system is available. The instrument air system is
available.
Test method — The system opezation is initiated manually and
where applicable autonatically. The system is operated in the
system desiqn modes and TBCCM pumps performance is determined.
Required ccntrols are operated cz simulated to verify automatic
system functions and alarms.
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Acceggan ce~gggegga

1) Each of the two TBCCQ pumps is capable of delivering a
minimum flow of 292.5 qpm.

2) Rith one pump in operation, the standby pump starts
autcmatically at a low header pressure of less than or equal
to=-70 psiq.

3) The TBCCQ system provides cocling water to the followinq:
a. .Contrcl rod drive pump bearing and oil

coolers',

C'ondensate pump mctoz bearing coolezs.
c. Instrument air ccmpzesscr ccclers
d. Service ai'r compresscr coolers
e. ZHC fluid ccolezsf. Turbine Building sample station chillers
q. Auxiliary Bciler sample staticn chillers

A18 1 INSTBUNENT AIR- SYSTEM ACCEPTANCE TEST

Test G~bective - The qenezal ok)ective of this test is to
'emcnstratepzcpez operation of the Instrument Air System.

Specific ob|ectives are tc dcmcnstrate the followinq:
1) The ability of the Instrument Air System to provide air tocutlets located throughout the plant.

3)

System controls function in accordance with design intent.
Alarms functicn prcperly tc prcvide alert of an abnormality
in the Instrument Air System.

4) Instrument aiz dryers reduce instrument air moisture in
accczdance with desiqn reauizements.

5) Standby Instrument Aiz Unit, under AUTO Node, starts
autcmatically when the system pressure is down.

Prereguisites —
, Construction turnover of the system is completeto the extent required tc conduct the test. The system has been-

walked thrcugh, verified complete and air blowing has been
completed. The required Technical Tests have been completed and
the required instruments are calibrated.
Test Nethog — Beth compressors are fully tested in both Nanual
and Auto mcde 'of operaticn. The Eryer packages are tested for
effectiveness and all automatic trips and alarms aze verified.
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acceptance Cggfeggg - The system performance parameters are in
acccrdance with ap|;licable engineering design documents.

ge~t ghQec~iveg — The objectives of this test are as follows:

l) To demonstrate that the ccmpressors can provide pressurized
.air (115-130 psiq) to outlets located throughout the plant.

2) To demonstrate that system controls and alarms function in
acccrdance with the design intent.

3) To demonstrate that the standby compressor will start
autcmatically if the system pressure is lov.

Prese uisiges — The prerequisites of this test are as fellows:

l) Construction is complete to the extent necessary to conduct
this test and system is turned over to ISG.

2) All ccmponent inspecticns, tests and calibraticns have been
comrleted satisfactorily.

Test Method — 'Ihe system will ke pressurized by starting the
compressczs. Compressor mo'des and functions will he checked for
proper opezaticn. Alarms vill ke verified as they are induced
during ncrmal cperaticn or simulaticn.

l) 'Ihe ser vice air compressors ha ve the capacity to delivez 440
cfm of aiz each and pzcvide air to outlets located

thrcuqhcut plant.
2) The compresors vill automatically trip when an aknormal

condition exists and alarms perform their desiqn function.

3)

4)

'Ihe standby compressor will automatically start if the lead
compressor fails or if its operation cannot meet service air
system demand.

It

The Service Aiz System is capakle of providinq backup supply
to the Instrument Air System

BUII;D'I G DS AXNS - NCN RAD10ACTIUE ACCFP'IANCZ 'INST

Test e~bec~ives - The ob5ecti ves of this test are as follows.

Rev. 23, 6/81 14. 2-98



SS ES- ES AR

l) To demonstrate that system ccntzols and alarms function in
acccrdance with the design intent.

2) To demonstrate the waste filter is capable of automatically
dewaterinq sludge.

3) To demonstrate the diesel generator floor drain sump pumps
operate automatically.

greg~euig~is - Construction is complete to the necessary extent
and the system is turned over tc ISG. Required instrumentationis calibrated and„ ccntrols are operable. Required electrical
power supply systems are available. Instrument air is available.
Tgst method — Lcw High and Hich-High sump levels are simulated
to .verify pumps start and stop as required.
Acceptance Criteria — The system performs in accordance with
desiqn dccuments.

A22.1 HAKEUF gEMIJigRALZZEj SYSTEM ACCEPTANCE TEST

Test Ohjectiye — To demcnstzate the capability of the Makeup
Demineralizer System to provide quality water consi tant with the
requirements of the Final Safety Analysis Report.

ggegegui~itgg — Construction is ccmplete to the extent necessary
to perform this test and the system is turned ovez to ISG. All
instrumentation contained in this system is calibrated and the
ccntrcls aze operaticnal. The Mater Pretreatment System and the
Neutralization Basins are available.
Test Method -*A normal automatic regeneration of makeup
demineralizers shall le performed verifying all regeneration
sequence intezlccks and vezifyinq that the Makeup Demineralizer
conforms to FSAR requirements.

All interlocks shall Le verified that will remove the Makeup
Demineralizer from service upon its effluent water quality not
meetinq specifications.
Acceptance Criteria — The Makeup Dewinezalizer shall be capableof sakinq water in accordance with FSAR requirements at a flow
rate between 20 and 120 qpm. It shall also be capable of
performinq automatic shutdowns, startups and regenezaticns perits desiqn requirements.
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A30„3 CO~TROQ QTJJQTUQJ gX$ CgjLQ~ROUS HCV SJST~RACCRPTANCE EST

Tegf gbggc~veg — To demonstrate that the Contzol Structure
Miscellaneous HCV maintains temperature and delivers an adequate
air supply and exhaust to varicus areas in accordance with design
requirements.

ggggegui~iges — Construction is complete and the system is turned
over to the XSG. Required instruments are calibrated and
contrcls are operable. The Turbine Building Vent and Instrument
Aiz Systems aze in service. Required electrical power supply
systems are available.
Test Method -- The system aperatian
performance, damper operations and
)where applicable) aze determined.
or simulated siqnals are applied to
hiqh temperature from chaxccal filt
electric duct heater operation and

is initiated manually and fan
heating or cooling operation
Required controls are operated
vexify fan interlocks, high-

ers (where applicable),
associated alarms.

Acceptance Cggtggia — The system pezfcz;mance parameters are in
accordance with the applicable desian documents.

A3$ I COQPD'lE R UQINTQRRUPTIKXW TERMER SUPPLY ACCEPTANCE TEST

Test ghgecgive — The qeneraI oh)ective of this test is to
demcnstrate pzcgez operation of the Computer Uninterruptible
Power Supply. Specific objectives are to demonstrate the
fallo winq:

l) The ability of the static transfer s~itch to provide
automatic transfer of the liC VAC distributicn panel loads
from the preferred ta the alternate supply cn loss of the
preferred upply or overcurrent or in. case of load side
fault.

2) The ability of the manual transfer switch and manual
operation cf the static transfer switch to transfer
distributicn panel loads ketween the preferzed and the
alternate scuzce.

Prezeguisites — Canstruction turnover of the system is complete
to the extent required to conduct this test. The system has been
walked thzouqh and vexified ccmplete. The required Technical
Tests have been completed and the required instruments are
calibrated.
Test method — The power supply is operated at full load, the
static transfer switch is tested, the manual transfer is tested
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and all alarms and computer inputs associated with the system areverified
Acceptance Cggtegiy — The system performance parameters are in
accordance with applicable enqineerinq design documents.

A3l.2 PROCESS CONJOTEH ACCEPTANCE "'TEST

Test gb|ecgive — The cbgective cf this test is to demonstzate
pzcger operation cf the ccmguter. Specific objectives are to
demcnstzate the ability cf the DCS to monitor unit operation and
qenerate video displays for operator use; the PNS tc perform BOP
calculations, lcq data, make histczical records, generate video
displays and generate alarm status sumaary displays; the NSS
subsystem proqram to provide an. accurate determination of the
ccrc thermal performance and data loading, and tc upplement
procedural'equirements fcr ccntrol and manipulation duringreactor startup and shutdcwn.

Pzeregui~itey — Construction turncvcr of the system is completeto the extent required to conduct this test. The system has been
walked tbrcuqh and verified ccaplete. The required Technical
Tests have been completed and the required instruments arecalibrated.
Test Methyl — Computer inputs are verified, the scf tware programs
are tested and computer self-pzctection and alarm functions are
ver ified.

Acceptance Criteria — The system performance parameters are in
acccrdance with applicable enaineerinq design documents.

A33 l TURBINE BUILDING HEA'IING 6 VENTILATING SYSTJJl ACCEPTANCE TEST

Test Gbjectives — The cbgec'tives cf this test are a~ follows:
1) To provide filtered and tempered air to all areas of the

Turbine Bui ldinq.
2) To maintain air flew f rcm areas of lesser pctential

contamination to areas cf qreater potential contamination.
To exhaust aiz frcm potentially contaminated spaces to
particulate and charcoal filters.
To maintain the turbine Building at a slightly negative
pressure with respect to atmosphere to minimize exfiltration
to cutside atmosphere
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5) To recirculate and cool Xurhine Euildinq air to reduce
exhaust volume.

6) Xo discharqe all exhaust air through the Turbine Building
Exhaust Vent.

7) To supply cool air to the Reactoz Recirculation Motor—
Generator sets.

Prese uisites
1) Flow halancinq i » ccmpleted

2) Instrument Air System is cperational.
3) Pire Pzctection System is operational.
Test Method — The system will be te»ted with manual controls and
autcmatically where

inapplicable.

All interlocks, start and trip
schemes will also he verified.
Accentance Criteria
1) Maintain huildinq temperature above 40~F.

2) Maintain buildinq spaces below the followinq maximum
temperatures:

a) .General areas 104o F.

h) Electrical rocm» 1C40 P

c) Mechanical areas 120o P

A33 2 TU~RBI~NE jUIIDI~~~~ CHIVIED MATER S~ST E~Y ACCEPTANCE ~T~ST

Test Cbjectives - Xhe cbgectives cf this test are as fellows.
1) Xo demonstrate the ability of the 'Xurbine Building Chilled

Mater System to maintain cesiqn temperatuze.

2) 'Xo demonstrate the ability of the Service Mater System to
zemcve the chiller ccnden»er heat.

2)

Construction is complete to the extent required to complete
this test.

4

The followinq sy»tems are operational:
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a) Instrument Air Syatem

b) Turbine Building HGV ia functionally checked

c) Service Mater System

d) makeup Demineralizera

e) Expansion tank IT-123 ia filled halfway and pressurized
to 20 pai

Test Method — The system will ke initiated manually and
autcmatically with all automatic functions verified. Allinterlocks will be verified and alarms checked aa they cccur
durinq ncrmal pzcceaa variation.
Acceptance Cgifegia — Turbine Euildinq Chilled Mater System will
supply water at 50oZ.

A35,1 ~UJX EQCI CQQIIQG AJig CIEAHUF SYSTEM ACCEPTANCE TEST

Teat Objective - To demcnatrate that the Fuel Pool Cocling and
Cleanup Syatem filters, demineralizes and cools the fuel poolwater. Jhe system ia able to maintain a minimum differential
pressure in the heat exchanqera and will prevent siphoning of
water frcm the fuel pcol to any ccoling water supply line.
Prezeguiaite — Conatructicn ia complete to the extent necessaryto perform this test and the system is turned over to ISG.
Required instruments are calikrated and controls are operable.
The Demineralized Mater Tranaf er System, Service Mater System,
Sample System, Ccndenaatc System, Instrument Air System, Residual
Heat Bemcval System, liquid Badwaste t:rain System, Emergency
Service Rater System, Sclid Radwaate System and requiredelectrical power supply ayatema are available.
'Ie~t Method — The system is operated to demonstrate the
demineralizer heat exchanqeza and fuel pool cooling pumps
operation. Required controls are operated or simulated signals
are applied,to verify system operation, automatic valve alignment
and system interlccka and alarma.

Acceptance Criteria — The system performance parameters are in
acccrdance with the applicable design reguirement
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Te~t Obgec~i~es - Xo demonstrate proper aperation of the
Demineralized Mater Transfer system by verifying the following:
The ability ta supply ccndensate for various plant systems ~

includinq the condenser hotwells. The ability to supply
condensate to the suction af the high pressure coolant
infection(HPCI), reactor core isolatian cooling (RCIC), core
spray, and control zcd dr'ive (CBD) pumps. The ability to supply
demineralized water a~ makeup tc the zeactar ~ radwaste, and
clo ed coolant systems. The ability to supply demineralized
water to the condensate storaq~tank 8 refuelinq water storage
tank.

pre'zequi~ifes — Construction is complete to the extent necessary
to peform this test and the system is turned over to ISG.
Hydrostatic testinq, velocity flushing and air blowinq have been
complete to the extent required tc perform this test. Required
instruments -are calihzated and controls are operable. Required
electrical power supply systems, makeup demineralizers, and
instrument air are availakle. The associated plant systems which
are capable of receivinq water from the Demineralized Mater
System are available to the extent required to perform this test.
'Fest method — The opezatinq modes of this system are initiated
manually and, where applicable automatically. 'Lhe system is
operated to determine perfczmance of all pumps. Ccntrol devices
are operated or simulated siqnals are applied to verify system
autcmatic functicns and alarms.

Acceptance Criteria — The system performance parameters are in
accordance with the applicable desiqn documents. All automatic
trips and alarms actuate within their allowable limits.

Tegt Ohgecgiveg — The objective of this test is tc demonstrate
pzcper operation of the Lcw Pressure Air System; specifically to
demcnstrate the ability tc provide air for the liquid radwaste
filters, and the liquid radwaste demineralizers, as these
prccesses require. The ability tc pravide backup air to the
cement sile and to operate intermittently on demand is
demcnstrated. The prctection of the compressor against low oil
pressure, hiqh ail temperature, hiqh air discharge temperature,
hiqh coolinq water tenperatuze and low coolinq water pressure is
demcnstrated.

Pgezegui.siped — Construction is complete to the extent necessary
tc perform the test and the system is turned over to the ISG.

Bev. 23, 6/81 14 ~ c-100



SSXS-VSAB

Required instruments aze calibrated and Technical Tests are
corn piete.

Tegt Heth~o — The system is operated in the Manual and Automatic
modes of operation.'he Plcw Sate is verified and all trips and
alarms are tested.

r

Acceptance ~Citeria — The system performance pazameters aze in
accordance with the applicablc desiqn dccuments.

Test Objective - To demcnstrate the ability of the Condensate
Demineralizer System to process full condensate flow producing
effluent of acceptable quality thereby"providing reasonable
assurance that contatlinant which may be introduced to the
conden»er durinq normal and abnormal plant operation will be
removed. Also demcnstrate that'esin transfer, cleaninq and
reqenezaicn are pushbutton initiated, fully automatic processes
that clean and zeaenerate fcr reuse. Demonstrate valving aud
contrcls are such that a ready tandby unit can be placed in
service, or any operatinq unit can be taken out cf ervice from
the lccal control panels.

Pgereguisiges — Consructicn is'omplete to the extent necessary
to perform this test and the system is turned over to the XSG.
Component technical procedures, ccmgcnent calibration have been
completed»atisf actcril y.

Test Method — The system will te te ted while prccessing water at
100% rated flow and at 120% rated flow, verifying that monitored
influent and effluent parameters dc not exceed desiqn values.
Resin capacity will ke tested {one bed minimum) by processing the
desiqn quantity cf water and verifyinq that monitored effluent
paramenters dc not 'exceed desian values prior to achieving the
desiqn output. Ccntrcl functicns related to all modes of
operation shall be demon»trated. Plow paths sill be verified
under actual operation as vill all valve operaticns, motor-driven
equipment performance, demonstration of all monitorinq control
and support equipment while prccessing dirty, exhausted resin
charqes exposed te condensate flow, through the reqeneration
modes, returninq the resin cbarqe tc inservice processing
condensate to desiqn auality effluent. Simulation of functions
will be used where cff-normal ccnditions cannot be established or
redundant testinq of the same function under actual conditions
serves nc purpose.

Acceptance cggtegia — Each vessel passing rated flow will produce
water quality at desian spec cr better. Each vessel is capable
of passinq 120% rated flow for a »bert period of time. The
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condensate deminera3izer and regeneration systems are pushbuttoninitiated, automatically ccntrclled from a local control panel
fox all modes of operation. An autcmatically controlled
iso2ation valve protects the resin transfer system from
condensate system Xxessure. A proper concentration of acid
sclution is supplied to reqenerate the cation resins and the
proper concentraticns cf caustic solution at the proper
temperature is supplied to reqenezate the anion resins.

A40 1 LOBE OIL TSANSPER, S'ICBAGE, C PURIFICATION SYSTEM
ACCEPT A NC E I'EST

Test Objective — 'Xo demonstrate the ability of the system to
transfer lube oil fzcm one lube cil reservoir to ancther at rated
flowrates and to demcnstrate pxcpex operation of the controls and
the alarms of the lube oil ceatxifuqe.

Pregeguisites — Construction i » complete to the extent necessary
to perform this test and the system is turned over to ISG.
Required instruments are calibrated and the ccntxcls are
operable. 'emineralized water transfer system and Instrument air
system are operational. Reauixed electrical supply systems are
available and lube oil is available in sufficient quantity.
Te»g method - The lube oil transfer pump performance parameters
are measured and xeccxded. The batch oil tank pump performance
parameters are measured and reccrded. The centrifuge and oil
heaters control and alarm circuits are tested and the operating
parameters are measured and recorded. All flcwpath are then
verified.
Acceptance Cgitegga — The system pexfcrmance is in accordance
with the applicable desiqn document».

A41.1 MAIN CQGLIJIG TQQE5 A$g jOXILIARIZS ACCEPTANCE 'I/ST

Tegt Obgectiyeg — Xo demcnstrate the proper operation of the
ccclinq tcwer, ccolinq towex makeup and level control,
chlcrinaticn system, sulfuric acid addition systems and the
blcsdcwn treatment system.

Pxegeguisites — Ccnstruction is ccmplete to the extent necessary
tc perform this test and the system is turned over to the ISG.

Required instruments are calibrated and ccntzcls are operable.
Required electrical pcwer supply systems, instrument air system,
plant makeup water sy»tern, and chlozination buildinq HGV are
available.
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Tegt gethcd — Sliding gate, valves and bypass valve operation is
verified.'akeup y tern is vezif ied to keep basin water level at
the proper level. Chlorination addition. capabilities are
verified, and the acid system is verified to 'control pH at the
proper value. The bÃowdcwn treatment system will remove enough.
chlcrine to allcw the plant to meet the requirements of its
environmental discharqe permit.

Acceptance Criteria — The system performance parameters are in
accordance with the applicable desion dccuments.

A42. 1

IL

CIRCULATING QATjR

SYSTEM

N ACCEPTANCE 'XESX„

Test O~b ~chives — To demcnstzate pzcper operation of the
Circulatinq Watez System.

Pregeguisites — Construction is complete to the extent necessary
to run this test and the system is turned over to the ISG.

Reguired instruments are calibrated aud controls are operable.
Required electrical pcwez supply systems and the cooling tower
system aze,available.

Test Method — Pump pzctective interlocks and system design
pressures .and flows are verif iud.

acceptance Cgitegia — The system performance parameters are
in'cccrdancewith the applicable design documents.

Test Objectives — 'Xhe objectives cf this test are as follows:

l) 'Xo demonstrate the ability of the mechanical vacuum pump to
pull a vacuum cn the ccndcn er.

2)

3)

To demonstrate the ability of the SJAE ~ s to maintain
condenser vacuum when pum1 is tripped.
To demonstrate system ability to remove noncondensible gases
fzoa the main ccndensez and discharge them to the off-gas
system.

4) To condense any steam zemcved from the condenser with the
noncondensible qases and return the ccndensate to the
condensez.
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ggereguisites — The prezequisites fcr this test are as follows:

1) Construction is'complete to the extent necessary to perform
this test and system is turned over to ISG.

2) The main turbine is cn tuzninq qear.

3)

4)

'Ihe aux. boiler is operaticnal and the main turbine seals
are established.

Instrument Air System is cperational.

5) Turbine Bldg. HSV is opezaticnal.

6) The Ccndensate System is cpezatianal.

7) 'Ihe Off-Gas System is cperational.

8) 'Ihe separator-silencer 1T-107 is filled to'he proper level.

9) All steam lines are pzcperly drained of condensate.

Test method — A vacuui vill be pulled on the condenser using the
mechanical vacuum puny and it vill Re maintained using the
SJAE~s. Valve interlccks vill te checked as vill all automatic
functions. Alarms vill te verified as they are induced during
normal system chanqe cr simulation.

Accentance Criteria
1) 'Ihe mechanical vacuum pump can pull a vacuum of 5 in Hqa in

95 nin. on the main condenser.

2) The SJAE~s can maintain the vacuum after the mechanical
vacuum pump is shutdcvn.

3) Valve sequencinq cperates per design.

A44 1 CCNDjNSAZE

SYSTEM~

ACCEPZAJCP ZEST

Test Cbjectiveg - To demonstrate the following:

(2)

The ability of the condensate pumps and their associated
valves to functicn properly.

The ability of the system to maintain minimum recirculation
flaw throuqh each canden ate pump.
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f3) The ability of the Turbine Bui1ding Closed Cooling Water
System to provide sufficient ccoling flow for the condensate
pump bearinqs.

(4) The .ability of the Hctwell Z.cad Ccntrol tc maintain
condenser at nczmal operati'ng level.

Pgeregui~i~eg — Construction is complete to the extent necessarytc perform this test and the system is turned over to the ISG.
Power and contzcl voltaqe is available for the associated motors,
valves and instruments. Required calibration and operation of
instruments, protective devices and ccntxols is verified. Motor
beazinq coolinq and pump seal water and instrument air isavailable. Main condensezs are cleaned and filled with water.
Test Method — The system operation is manually initiated bystarting the condensate pumps and establishing flow through
various paths. System loqic, interlocks and alarms are verifiedto he in accordance with de~ion intent and system flows,
pze sures are within enqineerinq specifications under various
simulated operating conditicns.
Acceptance Critggia - The system pezfcrmance parameters are in
accordance with the applicable design documents for the
conditions simulated durinq the test.
A46 l EXTHAC'IICN S'IEAM SYSTEM ACCEPTANCE %EST

Test Objectives — The qenezal chjective of this test is to
deacn~tzate prcrez operaticn cf the Extraction Steam System and
Feedwatez Heaters — Drains and Vents System. Specific objectives
are tc demcnstzate the fcllcwizq:
1) Ihe isolation valves in the Extraction Steam Sytem, the

Feedwater Heatez Drain System, and the Feedwater Heater
Vents operate as required by their design.

2) , All associated systems that drain to the feedwater heater
systems isolate when required hy the Peedwater Heater System
desiqn.

3) The alarms functicn to provide indication of an abnormality
in the system.

Prezeguisites - Construction is ccmpleted to the necessary extent
and the system is turned over tc ISG. Required instrumentationis calibrated and controls are cperable. Required electrical
power supply systems are available. Plant demineralized water
and instrument air is available.
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Test Jetpod —, Extraction Steam and Peedwater Heater System tests
are simualted and performed with no steam present to the turbine.All system interlocks are tested.
Acceptance Cggtegia — The system performance parameters are in
accordance with the applicable desiqn documents.

A65 1 BADMASTZ BUII,DING AIB PLON SYSTEM ACCEPTANCE TEST

Test Objective — Xo demcn~tzate the ability of the Radwaste
Building Air Flew System to prcvide an adequate amount offiltered air,to the Badwaste Buildinq and to exhaust an adequate
amcunt of air fzcm the Badwaste Building.
Prezeguisites — Construction is complete to the extent necessaryfor the test and the system is turned over to the ISG. 480 V
power and instrument air are available. The required instruments
are calibrated and ccntrcls are operable.

Test Method — The system is put into operation manually. Proper"
operation of all interlocks between system components isverified. The system air balance report and filter test reports
are reviewed to ensure ccnfczmance -with design specifications.
Acceptance Criteria - The system pezfcrms in accordance with
desiqn dccument

A65 2 RADMASXE BUILDING CHILLED WATCH SYSTEM ACCEPTANCE TPST

Test Objectives — To demcnstrate the ability of the Radwaste
Buildinq Chilled Qatez System tc prcvide an adequate amount ofchilled water tc the Radwaste Building Air Supply System coolingcoils.
Prezegui~ites — Construction is complete to the extent necessary
for perfcrminq this test an'd the system is turned over to the
ISG. 48GV power and instrument air are available. The Makeup
Demineralized Mater System is available to provide makeup water
as needed. The required instruments are calibrated and controls
are operable.

Test Method — The system is placed in operation Proper
operation of a11 interlocks between system components isverified. All safety switches on beth chillers are tested to
ensure that they will shut dcwn the associated unit when
necessary. The system flow balance report is reviewed to verify
that flowrates are within desicn specifications.
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Acceptance Criteria — The system performs in accordance with
design documents.

A68.1 RADQASTE SOLIDS HANDLING SYSTEM ACCEPTANCE TEST

Test objective — To demonstrate the capability of the Radwaste
Solids Handlinq System to control, collects handle, process,
package, solidify and temporarily store the wet waste sludges,
spent resins and evaporator concentrates.

Prereguisites — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Required instruments are calibrated and controls are operable.
Required electrical power supply systems are available.

Test Method — System operation is initiated manually. Required
controls are operated and process is varied to verify interlocks
and alarms.

Acceptance Criteria — The system performance parameters are in
accordance with the applicable design documents.

A68 2 SPENT RESIN HANDLING SYSTEM ACCEPTANCE TEST

Test Objective — To demonstrate the capability of the spent resin
collection system to control, collect, handle and discharge spent
resin to the liquid radwaste filters.
Prereguisites — Construction is complete to the extent necessary
to perform this test and the system is turned over to the XSG.
Required instruments are calibrated and controls are operable.
Required electrical power supply systems are available.
Test Method — System operation is initiated manually. Required
controls are operated and process is varied to verify interlocks
and alarms.

Acc~etance Criteria — The system performance parameters are in
accordance with the applicable design documents.

A69 2 LIQUID RAD'HASTE SUBSYSTEMS ACCEPTANCE TEST

Test Objective — To demonstrate the capability of the subsystems
to collect, process, store and monitor for reuse or disposal all
potentially radioactive liquid waste.
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Prereguisites — Construction is complete to the extent necessary
to perform this test and the subsystems are turned over to the
ISG. Required instruments are calibrated and controls are
operable. Required Electrical Power Supply Systems are
available. Liquid radwaste subsystem storage tanks and sample
tanks are available to be filled with water.

Test method - Subsystem pumps are operated and performance
characteristics are determined. Level controls are operated to
verify alarms, pump starts and pump shutoffs. Performance of the
liquid radvaste filtration, demineralizatian, chemical waste
neutralization, chemical radwaste evaporation system, laundry
radvaste filtration and effluent isolation is determined to the
extent possible during this test.
Acceptance Criteria — The system performance parameters are in
accordance vith the applicable desiqn documents.

A7+1 GASEOUS QQDWASTg QZCOQBZNER CCW ACCEPTANCE TEST

1

Test Objective — To demonstrate the proper operation of the
GRRCCW system, specifically, that the cooling pumps supply the
rated flow to the system, the cooling water is temperature
controlled, and the chemical addition tank has flow capabilities
for adding chemicals to the system.

Prereguisites - Construction is completed to the extent necessary
to perform this test and the system is turned over ta the XSG.
'Reguired electrical paver supply systems are available. Ra quired
instruments are calibrated and controls are available. Thr
instrument air system is available. The service water system is
operational and lined up to the GRRCCW heat exchangers.

Test Method — The system operation is initiated manually and
where applicable automatically. The system is operated in the
system desiqn modes and GRRCCW pumps performance is determined.
Required controls are operated or simulated to verify automatic
system functions and alarms.

Acceptance Criteria — The Unit One (1) and Common cooling water
flaw through the heat exchangers is temperature ccntralled
through a ranqe of 900 to 120~P. The Unit One (1) and common
cooling vater pumps deliver 1124 gpm to the respective system.
Chemicals can be added to the system when flow is established
through the Unit One (1) and common chemical addition tan'ks.
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A72.1 - OFP GAS RECOMBZNQR S'STEM ACCEPTANCE TEST

Test O~bective — To demonstrate the operation of the Off-Gas
Recombiner System, specifically, that the system will operate in
the standby, pre-start and process modes and that the standby
recombiner can be brought on line within 10 minutes.

Prereguisites — Construction is completed to the extent necessaryto perform this test and the system is turned over to the ISG.
Required electrical power supply systems are available. Required
.instruments are calibrated and controls are avialable. Theinstrument air system's operational. 'The following systems areoperational as needed: Condensate system, GRRCCW System, RBCCW,Auxiliary Boiler, and Main Condenser.

Test Methorl — The system operation is initiated manually, and,
where applicable, automatically. The system is operated in the
system design modes, required controls are operated or simulatedto verify, automatic system functions and alarms.

Acceptance Criteria — The Unit I and common Off-Gas Recombiner
Systems perform the following:

The Off Gas Recombiner System will operate in the Standby,Prestart and Process modes.
r

A,standby recombiner "can maintain recombiner temperatureclose to 300eP and .can be brought on line in 10 minutes.

3) The Off Gas Recombiners can be transfered and shut downlocally and from the main control room.

4) The Charcoal Absorber subtrains are capable of beingtransfered and isolated locally and from the main control
room.

A74.1 NITROGEN STORAGE AND SUPPLY SYSTEM ACCBPTANCE TEST

Test Objective — To demonstrate the capability 'of the Nitrogen
Storaqe and Supply to provide and.control the supply of nitrogen
qas for primary containment purginq and to maintain an inert
atmosphere in containment.

Prereguisites — Construction is complete to the extent necessaryto perform this test and the,.system is turned over to the ISG.
Required instr'uments are calibrated and controls are operable.
Required electrical power supply systems are available.
Test

Methods�

— System operation. is initiated manually The systemis operated in the different desiqn modes and system performanceis determined. Required controls are operated or simulated
k
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signals are applied to verify automatic features, systeminterlocks and
alarms.'cceptance

Criteria — The system performance parameters are in
accordance with applicable desiqn documents.

A76.2 PROCESS SAN PLIQG SY ST EN ~ ACCEPTANCE TEST

Test Objective — To demonstrate proper operation of the Process
Samplinq System. This is performed by proving:
l) The operability of the reactor and turbine building thermal

baths.

2) The ability of the chemical fume hood to control out-leakage
when drawing grab samples.

3) The ability of the system to provide required monitoring of
sample fluids. =

4) Capability of obtaininq grab samples.

Prereguisites — Construction is complete to the extent necessaryto peform this test and the system is turned over to ISG.
Required instrumentation is calibrated and controls are operable.
Required electrical power supply systems are available. Plant
demineralized water is available. Turbine Bldg. and Reactor
Bldg. closed coolinq water is available.

\

Test ~et hod — Tests whenever feasible will be performed when the
process beinq sampled is in operation. Other tests, such as main
steam samples will be simulated. All sampling devices will becalibrated and alarm conditions set.
Acc~etance Criteria — The system performance parameters are in
accordance with the applicable design documents.

A84.1 NOISTORE SQPAQATOQS ACCEPTANCE TgST

Test Objective — To demonstrate the ability of the moisture
separator drain tank level controls to maintain level and provide
a main turbine trip signal as a result of high level.
PREREQOISITES — Construction is complete to the extent necessaryto perform this test and the system is turned over to ISG.
Hydrostatic testing, velocity flushing and air blowing have been
completed. Required instruments are calibrated and controls are
operable. Required electrical power supplies, water supplies and
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instrument air are available. The associated plant systems which
are capable of receiving water are available to the extent
necessary to peform this test.
TEST METHOD ; The water level in the drain tank will actually bevaried and the proper operation of the level controls, le'
alarms and level trips will be verified.
ACCFPTANCE CRITERIA - The system performance parameters are in
accordance with the applicable design documents. All automatictrips and alarms actuate within their allowable limits.

A85. 2 FREEZE PROTECTION SYSTEM ACCEPTA NCE TEST

Test Objective - To demonstrate the ability of the system to
supply and interrupt power to the individual heater circuits atthe correct voltaqe and current in both the- AUTO and MANUAL modesof operation and to demonstrate the sytem~s ability to detect aloss of source supply voltage on a faulty heater circuit.,
P~ereguisites — Construction is complete to the extent necessaryto perform this test and the system is turned over to ISG. Therequired instruments are calibrated and the controls are
operable.

Test Method — Each control panel is energized and proper source
supply voltage verified. The required controls will be operated
and signals simulated as necessary to verify the individual
heater circuits function per desiqn in the AUTO, OFF, and Manual
modes, and are providing the design specified heat requirementsfor the applications.
ACCFPTANCE CRITERIA — The system performance parameters are in
accordance with the applicable desiqn documents, technical
speck s. and vendor prints.

A91 l A NNUNCIATOR SYSTEM ACCEPTANCE TEST

Test Objective — The obgective of this test is to demonstrate theability of the main control room annunciators to provide audible
and visual indication of an alarm condition.
Prereguisites — Construction turnover of the system is completeto the extent required to conduct this test. The system has been
walked through, verified complete and the component technicaltests ha ve been completed.
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Test Method — Simulated alarms are applied and the audible and
visual indication verified. Annunciator loss of pover and ground
detection feature are also tested, where applicable.

Acceptance Crit~cia - The system performance parameters are in
accordance with applicable enqineering design documents.

A92 I- TURBINE ST~~AN SgA~~S S~~RAINS ACCEPTANCE TEST
\

I

Test ~Oh ective — The objective of this test is to demonstrate the
proper operation of the turbine steam seal system and drains
using the auxiliary boiler steam supply to the turbine steam seal
header. Also, the test vill demonstrate the ability of the steam
packing exhauster to maintain a proper vacuum on the steam seal
exhaust header.

Prereguisites — Construction is complete to the extent necessary
to perform this test and the system is turned over to the XSG.
Required instruments are calibrated and controls are operable.
Required electrical- supply systems are available. The instrument
air system is operational. The auxiliary boilers are available
and in the standby mode. The condensate system is operational.
The main turbine and feedvater turbines are available to be
placed on turning gear. The main condensers are lined up to
receive drains and to provide support to seal the main and
reactor feed pump turbines.

Test Method — The auxiliary boilers will provide a continuous and
regulated supply of steam <o the steam seal evaporator header.
The performance of the steam packinq exhauster to maintain a
proper vacuum on the exhaust header is verified. Simulated and
automatic signals are applied to verify system interlocks and
alarms for the seal steam evaporator drain tank, seal steam
system and steam packing exhauster.

Acceptance Criteria — The steam packing exhauster vill maintain
an approximate vacuum of 5. 0 inches 8 0 on the seal steam
evaporator exhaust header during normal operating conditions.
The auxiliary steam system can provide a continuous amount of
clean steam to the seal steam evaporator header at approximately
4 psig to supply the following with sealing steam: the main
turbine shaft seals, the stem packings of the main steam stop
valves, control valves, and bypass valves, the combined
intermediate valves, the shaft seals of the reactor feed pump
turbines„ and the stem packings of the reactor feed pump turbine
stop and control valves.
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A93.1 TURBINE LUBE OIL SYSTEM. ACCEPTANCE EST

Test. objectives — To demonstrate the proper operation of the
Turbine Lube Oil System.

Prereguisites — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Required instruments are calibrated and controls operable.
Required electrical power supply systems are available. The
Service Rater System and the Main Turbine-Generator Assembly is
available.

Test Method — System operation is initiated manually and
automatically testing all trips,and interlocks. The main
reservoir vapor extractor is tested manually and automatically to
verify proper vacuum in the main reservoir and isolation on
detection of fire. All main lube oil pumps are tested for proper
manual and automatic start to verify proper bearing oil supply
pressures during all conditions including loss of AC power.
Bearing lift pumps are tested, manually and automatically to
verify proper bearing lift for turning gear operation. The main
turbine turning gear is tested for both manual and auto engaging
and startinq to ensure proper rotation durinq shaft cooldown.

Acceptance Criteria —
, The system performance parameters are in

accordance with the applicable desiqn documents.

A 93.2 TURBINE VALVES'ALVETESTi FHC AND SUPERVISORY SYSTEMS
ACCEPTA NCE TEST

Test Objectives — To demonstrate the proper operation of the
turbine EHC and supervisory system.

Prereguisites - Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Required instruments are calibrated and controls operable.
Required electrical power supply systems are available. The Main
Condenser, Stator Coolinq and In'strument Air Systems are
a vailab.le.

Test Method — Hydraulic System Manual and Automatic Modes are
tested. All turbine trip paths are verified. All system stop,
control and bypass valves are tested for EHC operation. Turbine
warm-up, speed select, and load ramp functions are verified.
Turbine steam lead drain valves are tested for proper operation.

Acceptance Criteria — The system performance parameters are in
accordance with the applicable design documents.
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A 98.1 MAIN GENERATOR AND EXCITATION SYSTEM ACCEPTANCE TEST

Test O~bectives — To demonstrate the ability of the protective
relays and their associated interlocks to shutdown the generator.

Prereguisites — Construction is complete to the extent necessary
to perform this test and the system is turned over to the ISG.
Component calibrations and alarm verifications're complete to
the extent necessary t'o perform this test.
Test Method — Through the use of jumpers, lifted leads, pulled
fuses, and manual manipulation of relay contacts conditions are
simulated to initiate automatic responses of the generator
protection circuitry. proper operation of the generator
protection circuitry is verified.
Acceptance Criteria — The following is verified

(l) The ability of the voltage regulator to transfer from
auto to manual upon initiation of design events.

{2) The ability of the exciter .field breaker to function
according to design basis

events.'3)

The ability of the primary and backup lockout relays to
trip the generator upon initiation of design basis
events.

A99.2 Communications System Acceptance Test

Test Objective — To demonstrate the ability of the three part
communications system {PA, Plant Haint./Test Jack, and Plant
Evacuation and Alarm Systems) components to function as an
integrated system. The PA system -to provide communications and a
medium for„ transmitting plant alarms in conjunction with the
Plant Evacuation Alarm System. The Plant Evacuation Systems
ability to qenerate the necessary tones and frequencies'nd the
Plant Maint./Test Jack Systems ability to provide an additional
independent means of communication.

Prereguisites — Construction is complete to the xtent,necessary
to perform this test and the system is turned over to ISG. The
required instruments are calibrated and the controls are
operable.

Test Method — By operating the required controls each Public
Address station will be tested, in the transmit and receive modes
on all channels. The associated speakers will be tested for
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functional audibility. The systems loop separation and mutingfeatures',vill be operationally verified.
The Plant Naint./Test Jack"'System will be tested by operating the
required 'controls and verifying each Jack Stations
transmit/receive capability on all of the systems 23 channels.
An integrated test with several remote Jack Stations attachedvill also be performed.

The Plant Evacuation and Alarm System will be used in conjunction
with the PA system to broadcast all 5 of the possible tones and
fre'quencies generated by the system. The siren will be
operationally tested. Also the systems isolation and silencing
features will be operationally verified.
Acceptance Criteria — The systems performance is in accordance
with the applicable design documents.

A99.6 Seismographica3. Nonitoring System Acceptance Test

Test Oh/ective — To verify the operability of the seismic
mon'itoring instrumentation (digital cassette accelerographs,
playback unit,* response spectrum analyzer and triaxial
accelerometers) and, to demonstrate proper integrated response of
the system to activate upon occurance of a seismic event as
desiqned.

Prereguisites — Construction is complete to the extent necessaryto perform this test and the'ystem is turned over to the ISG.
Required instruments are calibrated and controls are operable.
The required electrical power supply system is available. All
recorders have ample paper and all 'accelerographs are loaded with
the proper maqnetic tape cassettes.

Test Nethod — Both an internal calibration feature on the
SNR-102'seismicmonitorinq recorder) and a simulated seismic event at

each triaxial accelerometer are used as »trigger input» to the
seismic monitoring syst'm to verify automatic initiation and
alarm actuations. Playback (production of time-history seismic
graphs) is demonstrated by manual transfer of cassette tapes from
the digital cassette accelerographs to the seismic monitorinq
recorder.

l

Acceptance Criteria — The system performance parameters are in
accordance with the applicable desiqn documents.
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control and bypass valves are tested for EHC operation. Turbine
warm-up, speed select, and load ramp functions are verified.
Turbine steam lead drain va1.ves are tested for. proper operation.

Acceptance Criteria — The system performance parameters are in
accordance with the applicable design documents.

A98 l MAIN GENERATOR AND EXCITATION=SYSTEM ACCEPTANCE TEST

Test Ob~ectives.— To demonstrate the ability of the protective
relays and their associated interlocks to shutdown the generator.

20
P~e eguisites — Contstruction is complete to the extent necessary
to perform this test and the.system is turned over to the ZSG
Component calibrations and alarm verifications are complete to
the extent necessary to perform this test.
T~es Method — Through the use of jumpers, lifted leads, pulled
fuses, and manual manipulation of relay contacts conditions are
simulated to initiate automatic responses of the generator
protection circuitry. Proper operation of the generator
protection circuitry is verified.
gcceptagce ~C ~i egia — The followinq is verified-

(l) The abi1.ity of the voltage regulator to transfer from
auto to manual upon initiation of design events.

(2) The ability of the exciter field breaker to function
according to design basis events.

(3) The ability of the primary and backup lockout relays to
trip the generator upon initiation of design basis
events.

A99.2 Communications~Metes- A~oem tance Test

20

Test Objective.-'To demonstrate the ability of the three part
communications system (PA Plant Saint./Test Jack, and Plant
Evacuation and Alarm Systems) components to function as an
integrated system. The PA system to provide communications and a
medium for transmitting plant alarms in conjunction with the
Plant Evacuation Alarm System. The Plant Evacuation Systems
ability to generate the necessary tones and frequencies and the
Plant Haint./Test Jack Systems ability to p ovide an additional
independent means of communication.
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4. The credit taken for the functioning of normally operating
plant systems.

5. The operation of engineered safety systems that is required-

6. The effect of a single failure or an operator error on the
event.,

15.0.$ .2 1;1 -Genera/

This paragraph discusses a very important concept pertaining to
the application of single failures and operator errors to
analyses of the postulated events. Single active component
failure (SACP) criteria have been required and successfully
applied on past NRC approved docket applications to design basis
accident categories only. Reference 15.0-1 infers that a "single
failures and Operator errors" requirement should be„applied to
transient events (both hiqh, moderate, and low probability
occurrences) as, well as accident (very low probability)
situations.
Transient evaluations have been judged against a criteria of one
single equipment failure "or" one single operator error 'as the
initiating event with no additional single failure 'assumptions to
the protective sequences although a great majority of these
protective sequences utilized safety systems which can
accommodate SACP aspects. Even under these postulated events,
the plant damage allowances or limits were very much the same as
those for normal operation.

Reference 15.0-1 suqqests that the transient and accident
scenarios should now include, "and" tmulti-failure) event
sequences. The format request follows:

Pop~ingle equipment failure
~no~craner,airer ana~lsis

1) an equipment failure or an
operator error, and

2) another equipment failure or
failures and/or "another
operator error or errors.

This is considered a new requirement and the impact will need to
be completely evaluated. While this is under consideration GE
has evaluated and presented the transients and accidents in this
chapter in the above new requirement manner.
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Event categorization relative to transient and accident analysisis discussed here. If the evaluation is done per the new multi-
failure methods the event frequency categories should be
modified.
The original categorization of events was based on frequency of
the initiating event alone and thus the allowance or limit was
accordingly established based on that high frequency level. With
the introduction of additional assumptions and conditionsfinitial event and SCP and/or SOE), the total event would notfall into a lower freguency/probability category. Thus, less
restrictive limits'r allowances should be applied in the
analysis of transients and accidents. This needs to'e
considered and evaluated.

GE has evaluated and presented the -transients and accidents in
this chapter by the more restrictive old 'allowances and limits of
the event categorization presently in effect.
Most events postulated for consideration are already the results
of single equipment failures or single operator errors that have
been postulated during any normal or planned mode of plant
operations. The types of operational single failures and
operators errors considered as initiating events and subseguent
protective sequence challenges are identified in the following
paragraphs:

1 S~O,],2,1. 2- - Initia ting+yen t Anal's

1. The undesired openinq or closing of any single valve (a
check valve is not assumed to close against normal flow)

or

2. The undesired startinq or stopping of any single component

or

3. The malfunction or maloperation of any single control device

or

4. Any sinqle electrical component failure
or

5. Any sinqle operator error.
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18,1.3.3 Statement of ~ Response

The facility staffing reguirements are presented in Subsection
6.2.2 of the Technical Specifications. These reguirements are
consistent with those given in. Table 18.1-1.

The plant policy on operations personnel vorking hours is
discussed in administrative procedure AD-QA-300, "Conduct of
Operations," and is specifically defined in procedure AD-QA-302,
~'Oper at ions Ad ministrati ve Con trolls. "

18 1.4 INHEDIATE UPGRADING OF REACTOR OPERATOR AND SENIOR REACTOR
OPERATOR ~ TRAINING-AND QUALIFICATIONS~I A 2. 1)

18.1.4.1 Statement of Qeguirement

Applicants~ for senior operator licenses shall have 4 years of
responsible pover plant experience. Responsible power plant
experience should be that obtained as a control room operator(fossil or nuclear) or as a power plant staff engineer involvedin the day-to-day activities of the facility, commencing with thefinal year of construction. A maximum of 2 years power plant
experience may be -fulfilled by academic or related technicaltraining, on a one-for-one time basis. Tvo years shall be
nuclear pover plant-. experience. At least 6 months of the nuclear
power plant experience shall be at the pla'nt for which he seeks alicense. Ef fective date: Applications received on or after May
1, 1980.

Applicants for senior operator licenses shall ~ have held anoperator's license for 1 year. Effective Date: Applications
received after December 1, 1980. The NRC has not imposed the 1-
year experience requirement on cold applicants for SRO licenses.
Cold applicants are to vork on a facility not yet in operation;their training programs are designed to supply the eguivalent of
the experience not available to them.

Senior operator~: Applicants shall have 3 months of shif ttraining as an extra man on shift.
Control room operator~: Applicants shall have,3 months training
on shift as an extra person in the control room. Effective date:
Applications received after August 1, 1980.

*Precritical applicants vill be reguired to meet uniquequalifications designed to accommodate the fact that theirfacility has not yet been in operation.

Rev. 27, 10/81 18 1-5
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Training programs shall be modified, as necessary, to provide:

2)

Traininq in heat transfer, fluid flow and
thermodynamics.

Training in the use of installed plant systems tocontrol or mitigate an accident in which the core is
severely damaged.

3) Increased emphasis on reactor and plant transients.
Effective date: Present programs have been modified in
response to Bulletins and Orders. Revised programs
should be submitted for OLB review by August 1, 1980.

Content of the licensed operator. requalification programs shall
be modified to include instruction in h'eat transfer, fluid flow,
thermodynamics, and mitigation of accidents involving a degraded
core. Effective date: May 1, 1980.

The criteria for requiring a licensed individual to participatein accelerated regualification shall be modified to be consistent
with the new passing qrade for issuance of a license; 80% overall
and 70% each category. Effective date: Concurrent with the nextfacility administered annual requalification examination after
the issue, date of'this requirement.

Proqrams should be modified to reguire the control manipulationslisted in Enclosure 4 of NOREG 0737, item Z.A.2.1. Normalcontrol manipulations, .such as pl'ant reactor startups, must be
performed. Control manipulations during abnormal or emergency
operations must be walked through with, and evaluated by, a
member of the training staff at a minimum; An appropriatesimulator may be used to satisfy the requirements for control
manipulations. Effective date: Programs modified by August 1,
1980. Renewal applications received after November 1, 1980 mustreflect compliance with the program.

Certifications completed pursuant to Sections 55.10 {a) {6) and
55.33a {4) and {5) of 10 CPR Part 55 shall be signed by the
highest level of corporate manaqement for plant operation {for
example, Vice President for Operations). Effective date:
Applications received on„ or after May 1, 1980.,

18.1.4.2 Interoretation

None required.

Rev. 27, 10/81 18.1-6
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18 1 4.3 Statement of Response«2o««

A proqram is established to assure that all reactor operator and
senior reactor operator license candidates (beyond the initial
compliment required to startup Units 1 6 2) have the prescribed
experience, qualifications, and training. Candidates will be
prepared and certified in accordance with Nuclear DepartmentInstruction NDI-QA-4.2.1. Administrative procedure AD-00-103,
"Selection Process for Operations Personnel," details the process
by which +he qualifications of candidates for operations
positions will be evaluated in the future.

f~

The initial startup crews will have completed extensive training
devised in part to recognize the,non-operational status of theunits. This program includes real time training on the
Susquehanna SES simulator which duplicates the actual unit and
thus in many respects equates to the experience requirements.
Subsection 13.1.3 describes the qualifications commitments for
the existinq plant staff.

18. 1. 5 ADMINISTRATION OP TRAINING PROGRAMS QI. A. 2. 3}
ll

18.1. 5.1 Statement of Reguirement

Pending accxeditation of training institutions, licensees and
applicants for operating ~ licenses will assure that training
center and facility instructors who teach systems, integxated
responses, transient, and simulator courses demonstrate seniorreactor operator {SRO) qualifications and be enrolled in
appropriate requalification programs.

Training center and facility instiuctors who teach systems,
integrated responses, txansient and simulator courses shall
demonstrate their competence to NRC by successful completion of asenior operator examination. Effective date: Applications
should be submitted no later than August 1, 1980 for individuals
who do not already hold a senior operator licen'se."

Instructors shall be enxolled in appropriate requalif ication
proqrams to assure they are cognizant of current operatinghistory, problems, and changes to procedures and administrativelimitations. Effective date: Programs should be initiated May
1, 1980. Programs should be submitted to OLB for review by
August 1, 1980.

Rev. 27, 10/81 18 1«7
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18.1. 5. 2 Integpgetation.

The "instructors" referenced in this reguirement are those
individuals who teach systems specific to BWRs, integrated,
responses, transients, and simulator courses to licensed
operators or license candidates.

18.1. 5 3 Statement of Resnonse

Certification of instructors is described in Nuclear Department
Instruction NDI-QA-4.1.4. This procedure delinea tes which
instructors are required to pass the examination for senior
reactor operators (SRO). All instructors who teach materials
identified in Subsection 18.1. 5.2 are certified as SROs.

18 1. 6 . REVISE SCOPE AND CRITERIA FOR LICENSING EXAMINATIONS
QI A $ .1)

18. l. 6.1 ~ Statement of Reggiremept

A new category shall be added
entitled, »Principles of Heat

~l

A new category shall be added
examination entitled, "Theory

to the operator written examination
Transfer and Fluid Mechanics. »

to the senior operator written
of Fluids and Thermodynamics.»

Time limits shall be imposed for completion of the written
examinations:

l. Operator: 9 hours.

2 Senior Operator: 7 hours.

The passinq qrade for the written examination shall be'80%
overall and 70% in each category.

All applicants for senior operator licenses shall be required to
be administered an operatinq test as well as the written
examination. Effective date: Examinations administered on or
after May 1, 1980.

Applicants will grant permission to NRC to inform their facility
management reqardinq the results of the examinations for purposes
of enrollment in requalif ication programs. Applications received
on or after May 1, 1980.

Rev. 27, 10/81 1 8.1-8
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not mitigated, could result in conditions of
inadequate core cooling.

(f) Description of indications available to the BWR

operator for the detection of adequate core
cooling

(g) Description and 5ustification of analysis methods
for extremely degraded cases.

(2) NEDO 24934, "BWR Emergency Procedure Guidelines BWR 1-
6," Revision 1, January 1981.

Guidelines for BWR Emergency Procedures based on
identification and response to plant symptoms;
including a range of equipment failures and operator
errors; including severe multiple equipment failures
and operator errors which, if not mitigated, would
result in conditions of inadequate core cooling;
including conditions when core cooling status is
uncertain or unknown.

B. Ade uac of Submittals

The submittals described in paragraph A have been discussed
and reviewed extensively among the BWR Owners'roup, the
General Electric Company, and the NRC staff. The NRC staff
has found (NUREG-0737, page I.C.1-3) that "the analysis and
guidelines submitted by the General Electric Company (GE)
Owners'roup...comply with the requirements (of the NUREG-
0737 clarification)." In Reference 1, the Director of the
Division of Licensing states, "we find 'the Emergency
Procedure Guidelines acceptable for trial implementation (on
six plants with applications for operating licenses
pending

PP&L believes that in view of these findings, no further
detailed Justification of the analyses or guidelines is
necessary at this time. Reference 1 further states,
"(during 'the course of implementation we may identify areas
that require modification or further analysis and
5ustification." The enclosure to Reference 1 identifies
several such areas. PPSL will work with the BWR

Owners'roupin responding to such requests.

By our commitment to work'ith the Owners'roup on such
requests, on schedules mutually agreed to'y the NRC and the
,Owners'roup, and by reference to the BWR Owners'roup
analyses and guidelines already submitted, our response to
the NUREG-0737 requirement "for reanalyses of transients and
accidents and inadequate core cooling and preparation of

Rev. 27, 10/81 18.1-13



SS ES-PS AR

quidelines for development of emergency procedures" by
January 1, 1981, is complete.

Emergency procedures based on those guidelines have been
developed and are currently in trial use on the Susquehanna
SES Simulator. These procedures have been reviewed by the
NRC. Final versions which incorporated NRC comments were
submitted in a letter from N. M. Curtis to B. J. Youngblood
on Nay 15, 1981 {PLA-791) .

18.1. 9 SHIFT RELIEF AND TUB/OVER PROCEDURES gI C 2}

No requirement stated in NUREG 0737. Refer to Subsection 18. 2.8
which contains the response to the requirement. in NUREG 0694.

18 1 10 SHIEST SUPERVISOR RESPONSIBILITY gI C 3)

No requirement stated in NUREG 0737. Refer to Subsection 18.2.9
which contains the response to the requirement in NUREG 0694.

18.1 11 CONTROL ROOD ACCESS ~I C. 4g

No requirement stated in NUREG 0737. Refer to Subsection 18. 2.10
which contains the response to the requirement, in NUREG 0694.

18.1 12 PEEDBACK OF OPggATING EXPERIENCE gI C.5$

18.1.12.1 Statement of Reauirement

Applicants for an operatinq license shall prepare procedures to
assure that information pertinent to plant safety originating
inside or outside the utility organization is continually
supplied to operators and other personnel and is incorporated
into training and retraining programs. These procedures shall:

{1) Clearly identify organizational responsibilities for
review of operating experience, the feedback of
pertinent i,nformation to operators and other personnel,
and the incorporation of such information into training
and retraining programs;

{2) Identify the administrative a'nd technical review steps
necessary in translating recommendations by the

Rev. 27, 10/81 18.1-14
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18.1.21.3.2.3. Sympge points

a) Wetwell and Dryvell Atmosphere

Provision will be made to obtain gas samples from tvo
separate areas in both the dryvell and vetvell. The sample
lines vill tap into the containment air monitoring system
(CANS) sample lines outside of primary containment and after
the second containment isolation valve. The tvo drywell
sample taps are on the highpoint line, sampling at elevation
790', and the midpoint line, sampling at elevation 750'.

b) Secondary Containment Atmosphere

A sample line vill be installed to allow sampling of the
secondary containment atmosphere. The location of this
Point has yet to be determined. This sample point vould be
useful in deternininq the post accident accessibility of the
reactor building.

c) Reactor Coolant and Suppression Pool Liquid Samples.

When the reactor is pressurized reactor coolant samples vill
be obtained fron a tap o.ff the get pump pressure instrument
system. The sample point vill'be on a non-calibrated get
pump instrument line outside of primary containment andafter the excess flow check valve. This sample pointlocation is preferred over the normal reactor sample points
on the reactor water clean up system inlet line andrecirculation line since the reactor clean-up system is
expected to remain isolated under accident conditions, andit is possible that the recirculation line containing the
sample line may be secured. The jet pump instrument line
has been determined to be the optimum sample point for
accident conditions since: 1) the pressure taps are well
protected from damage and debris, 2) if the recirculation
pumps are secured, there is normally excellent circulation
of the bulk of the coolant past these taps (naturalcirculation), and 3) the taps are located sufficiently lov
to permit sampling at a reactor water level which is even
below the lover core support pla te.
A single sample line is also connected to,both loops in the
RHR system. The sample lines will tap off the high pressure
switch instrument lines coming off the common section of the
RHR system return line. This sample point provides a means
of obtaining a reactor coolant sample vhen the reactor is
not pressurized and at least one of the RHB loops is
operated in -the shutdovn cooling mode. Similarly, a
supPression pool sample can be obtained from an RHR loop
lined up in the suppression pool cooling node.
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18.1.21 3.2 g Isolation Valveg and Sample Lines

Containment isolation for the dryvell .and vetvell gas samplelines is provided by the existing CANS sample line isolationvalves. The get pump instrument sample line containmentisolation is provided by an existing isolation valve and excessflov check valve upstream of the sample tap. All gas samplelines from the sample taps to and including the first flovcontrol valves are seismic category 1 except for the secondary
containment sample line vhich has no control valve before itenters t he sample panel. The sample lines from the RHR systemare seismic category 1 through both system isolation valves and
a flov restricting orifice. The sample line from the jet pumpinstrument, system is seismic category 1 to the flowcontrol/isolation valve. All containment isolation valves
upstream of the sample taps can be overridden from the control
room. All isolation and control valves shown in Figure 18.1-11
vhich are vithin the Q boundary are controlled by a singlepermissive switch in the control room and individually controlledat the samplinq control panel located adjacent to the samplesta tion.
The solenoid isolation and control valves which are part of thepost accident sample system to the Q boundary vi11 beenvironmentally qualified. The qas sample lines are heat tracedto prevent precipitation of moisture and the resultant loss ofiodine in the sample lines.

18. 1. 21. 3. 2. 3 Piping Station

The pipinq station, vhich is to be installed within the reactorbuildinq, includes sample coolers and control valves vhich
determine the liquid sample flow path to the sample station. Thelocation for the piping station is shown in Figure 18.1-12.
Cooling water vill come from the Reactor Building Closed Cooling
Water System.

18.1,21. 3.2.0 .Sample.Station and Control Panels

The location of the sample station, control panels and associated
equipment is shown in Figure 18.1-13. The sample station
consists of a wall mounted frame and enclosures. Included within
the sample station are equipment trays which contain modularizedliquid and gas samplers. The lower liguid sample portion of the
sample station is shielded with 6 inches of lead brick, whereas
the upper qas sampler has 2 inches of lead shielding. Thecontrol instrumentation is installed in tvo control panels. one
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18-1-23 RELIEF AND SAFETY VALVE TEST REQUIREMENTS /II.~D.l

18.1.23.1 Statement of Requirement

Boiling-water reactor licensees and applicants shall conduct
testing to qualify the reactor coolant system relief and safety
valves under expected operating conditions, for design-basis
t.ransients and accidents.

Licensees and applicants shall determine the expected valve
operatinq conditions through the use of analyses of accidents and
anticipated operational occurrences referenced'n Regulatory
Guide 1. 70, Revision 2. The single failures applied to these
analyses shall be chosen so that the dynamic forces on the safety
and relief valves are maximized. Test pressures shall be the
highest predicted by conventional safety analysis procedures.
Reactor coolant system relief and safety valve gualificaiton
,shall include qualification of associated control circuitry,
pipinq, and supports, as well as the valves themselves.

Preimplementation review will be based on EPRI, BMR, and
applicant submittals with regard to the various test programs.
These submittals should be made on a timely basis as noted below,to allow for adequate review and to ensure that the following
valve qualification date can be met:

Pinal BMR Test Program —October 1, 1980

Postimplementation review will be based on the applicants'lant-
specific submittals for gualification of safety relief valves.
To properly evaluate these plant-specific applications, the test
data and results of the various programs will also be required by
the followinq dates:

BWR Generic Test Program Results--July 1, 1981
Plant-specific submittals confirming adequacy of safety andrelief valves based on licensee/applicant preliminary

review of generic test program results--July 1, 1981
Plant-specific reports for safety and relief valve

qualification--October 1, 1981
Plant-specific submittals for piping and support evaluations—

January 1, 1982

18.l. 23. 2 Interoretation

None required.
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18. l. 23. 3 Sta tement o f R~eponse

PPSL is participatinq in the BMR Owner's Group (BMROG) program to
test safety/relief valves (SRVs) Hyle Laboratories in
Huntsville, Alabama has been contracted to design and build a
test .facility. The design is complete and construction is well
underway. The facility will be capable of high and low pressure
valve tests.
Documentation of the BMROG testing program was sent to the NRC on
September 17, 1980 by a letter from D.B. Waters to R. N. Vollmer.
A summary of this document is provided below.

An enqineerinq evaluation was done to identify the expected
operatinq conditions for SRVs durinq design basis transients and
accidents. This evaluation indicates the SRVs may be required to
pass low pressure liquid as a result of the Alternate Shutdown
Node (described in Subsection 15. 2.9) . No other significantly
probable event, even combined with a single active failure or
sinqle operator error, produces expected operating conditions
that )ustify qualification of SRVs for extreme operating
conditions. Therefore a test program was developed to
demonstrate the SRUs'apabilities as may he necessary during the
Alternate Shutdown Node.

The test results were submitted by a letter to A. Schwencer from
N. R. Curtis on July l, 1981 (PLA-865). A plant specific SRV
qualif ication report vas submitted to the NRC on October, 1981
(PLA-940} . This report includes all necessary evaluations of
pipinq and supports.

18 l 24 ~ SAPETYQRELIEQ VALVE POSITION INDICATION /IX D.3}

18.1. 24. 1 Statement of Reguigement

Reactor coolant, system relief and safety valves shall be provided
with a positive indication in the control room derived from a
reliable valve-position detection device or a reliable indication
of flow in the discharge, pipe.

The basic requirement is to provide the operator with unambiguous
indication of valve position (open or closed) so that appropriate
operator actions can be taken.

The valve position should be indicated in the control room. An
alarm should be provided in conjunction with this indication.
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18 1.29.2 Interoretations

Prom item 4, the opening of containment isolation 'valves must
require a deliberate operator action.,
From item 5, the containment isolation setpoint pressure should
be optimized to prevent unnecessary isolations during

normal'perations.However, containment isolation must not be prevented
or delayed during an accident.

18.1 29. 3 Statement of Resnonse2

Containment isolation signals are actuated by several sensed
parameters (refer to Table 3.3.2-1 in the Technical
Specifications). This complies with SRP Subsection 6.2.4,
Paragraph II-6.

(2) Each process line penetrating containment was reviewed to
determine whether it- is an essential or non-essential line
for purposes of isolation requirements. The classification
for each line is given in Table 18.1-10.

Justification for the classification as an essential or non-
essential line was also developed and is provided in Table
18.1-11. Systems identified as essential are those vhich
may be required to perform an indispensable safety function
in the event of an accident. Non-essential systems are,
those not required during or after an accident 'ince
instrument lines are not governed by isolation siqnals but
are equipped vith a manual isolation valve followed by an
excess .flow check valve outside the containment, the review
of these lines was limited to ensure compatibility with the
penetration listing in Table 6.2-12a.

{3) All lines to non-essential systems are provided vith
isolation capability. All isolation valves in these lines,
except the reactor water clean-up system (RWCU) discharge
valves {G33-lPC042 and 1P104 receive auto-isolation signals
(refer to Table 18.1-10). The isolation function for the

RWCU discharge lines is provided by three series check
valves (141-1P010A,B, HV-14107A, B and G33-1F039A,B) which
prevents back flov from the reactor vessel. The RWCU
discharge isolation valves are not closed to prevent the
loss of the filter cake in the RWCU filter demineralizer
system and injection of resin into the vessel on restart of
the RWCU system.

{4) All containment isolation valves, except those listed below,vill not automatically open on logic reset. Some valves
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require corrective action to comply vith this requirement.
All such actions vill be completed prior to fuel load.
Refer to a letter from N. M. Curtis to B. J. Youngblood on
April 14, 1981 (PLA-715) for this commitment. ~ An override
of any isolation signal vill not cause automatic opening of
any isolation valve.

a) The folloving valves in the Liquid Radwaste, Reactor
Mater Sample, and Reactor Building Chilled Water
systems are normally open valves and will close upon a
containment isolation signal.

HV-16116 Al S

HV-16108 Al S
HV-18781 Al S
HV-18782 Al S
HV-18791 Al S
HV-18792 Al S
B 31-1P 019
B31-lP020

A2
A2
A2 S Bl S B2
A2 S Bl S B2
A2 S Bl S B2
A2 S Bl S B2

Mhen the containment isolation logic is reset the above
valves would have reopened. The logic for these valves will
be modified by fuel load to ensure that they vill not reopen
on loqic reset. Table 18.1-10 reflects the modified
con figuration of these valves.

b) The RCIC and HPCI turbine steam supply line isolation
valves (HV-lP007, HV-lP008, HV-lF002 and HV-1F003) are
normally open valves and vill close upon a steam line
break isolation siqnal. These valves are essential
valves and do not receive a containment isolation
siqnal. Reopening of these valves vill occur if the
hand switches are not placed in the closed position by
the operator prior to actuation of the reset switch and
the isolation parameters have cleared.

These valves are equipped vith key-locked maintained
contact switches to insure that these valves are open
durinq ECCS initiation. If a pipe break condition were
detected, then these valves will be automatically
closed. After the pipe break problems are cleared
these valves can be reopened to their normal emergency
positions by deliberate operator action using the key-
locked reset switches for each system. The operator is
required to ensure that the valve switches are in the
correct position prior to operating the keylock reset
svitch.

c) The inboard HPCI and RCIC isolation valves each have a
pressure equalization valve (HV-1Fl00 and HV-1P088)
around them. The equalization valves are normally
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The system is powered from non-class-IE instrument AC power. An
independent battery backup is provided which is capable of
providinq power for 8 hours.

This equipment is installed and will be operational by fuel load.

18.1. 30. 3.g Sa~mling. and Analysis of Plant gffluents

Each of the five plant vents has a continuous isokinetic sample
drawn from it in accordance with ANSI-N13.1. Each sample is then
taken through short runs of heat traced tubing to a Eberline
Model FAAM (Fixed Airborne Activity Monitor) . In the FAAM the
sample stream then passes through a HEPA filter which removesparticulates. Upon leaving the HEPA filter the sample stream
passes throuqh a charcoal filter which removes iodines. When
required this filter can be replaced with a silver zeolitefilter. Capabilities for purqing the sample line with compressedair are provided under manual control. The sample stream is next
measured for noble gas activity and then returned to the plantvent. During normal operation the HEPA and charcoal filters are
monitored by radiation detectors and this information is
presented to the operator in the control room. Under accidentconditions these detectors will saturate and the filters must be
removed, placed in a shielded container, and analyzed in alaboratory. The PAAM also has provisions for obtaining a grab
sa mples.

The isokinetic sample is in compliance with ANSI-N13.1-1969. To
accomplish this, each vent has an air profile (final gas
treatment) station to eliminate turbulent and rotatinq gas flow.
The average stack velocity and volume are then measured by means
of. a multipoint, self-averaginq Pitot transverse station. An airflow controller then simultaneously withdraws a multipoint sample
under isokinetic flow conditions by means of an isokinetic samplerack. This isokinetic sample is then directed to the Final
Airborne Activity Monitor.

The system is designed such that plant personnel can remove
samples, replace sample media and transport the samples in
shielded containers to an analysis facility. Radiation exposuresfor this process are not in excess of 3 rem whole-body exposure
and 18.5 rem to the extremities during the duration of theaccident.

procedures for 'analyzing samples both normal and accident
conditions are described in Subsection 12.5.3 5.5. The equipment
used to analyze these samples is described in Subsection
1.2.5.2.7.1 Additional instrumentation and procedures for
sampling and analyzing implant iodine are described in Subsection
18. 1. 70.
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The installation plant vent sampling and monitoring system is
complete.

1S.1.30.3.3 Containment High-Range Radiation Monitor

Redundant Class 1E in-containment radiation monitors will be
, provided. The monitors will be Victoreen Model 875 high rangeradiation monitors. These monitors are capable of measuringradiation levels of 1R/hr to 1 x 10~ R/hr (Gamma) for photon

energies of between 60 KeV to 3 MeV. An accuracy of + 20% is
obtained on lover decades.

The detectors will be unshielded and physically separated on
opposite sides of the reactor pressure vessel.
Logarithmic indicatinq recorders will be provided for Channels A
and B on front row panel 1C601.

A common red high radiation annunciator for both channels will be
provided on control room front row panel 1C601. A common white
system trouble light will also be provided for both channels oncontrol room front row panel 1C601.

The containment radiation monitoring system is designed to be
sa fet y grade. This equipment vill be g uali fied t o IEEE-3 44-1 975,IEEE-323-1974 and NUREG-1588 in accordance with the Commission
order on May 23rd, 1980 (CLI-20-81) .

The installation of the containment radiation monitorin'g systemvill be complete by January 1982.

18.l. 30. 3. 4 Containment Pressure Monitor

Two Class lE redundant drywell chamber pressure measurements will
be provided as follows:

SERVICE RANGE

LOCA Range
HX Ranqe

0 to 65 psia
0 to 250 psiq

The LOCA and HI ranges are divided into two divisions.
Continuous, individual indication of all four Division I and II
pressure measurements will be provided by- indicatinq recordersfor the operation on front row panels 1C601.

Normal operatinq pressures in the drywell and wetwell are
monitored by a -1 to +3 psiq instrument installed in each
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chamber. An indicator on control panel 1C601 will display these
pressures. A selector svitch is provided to allov the operatorto monitor either dryvell or vetvell pressure. These instruments
are non-safety grade with the exception of the transmitters,
vhich are designed to meet containment pressure boundary service.
The accuracy of these instruments is + 2% of full scale.
The containment accident ranqe pressure monitors are designed to
he sa fety grade. This equipment will be qua lified to IEEE-344-
1975, IEFE-323-1974 and NUREG 0588 in accordance vith the
Commission order on Nay 23rd, 1980 [CLI-20-81) .

The containment pressure instrumentation will be installed by
January 1982.

18 l. 30 3.5 Containment Mater Level Monitor

Redundant wide and narrow range safety grade instruments will beinstalled to continuously monitor suppression pool vater level.
The channel A measurements will be displayed on control roomfront row panel 1C601. The channel B "measurements wi11 be
recorded on front rov panel 1C601.

The narrow range instruments measure betveen 18 and 26 feet. Thevide ranqe instruments measure betveen 4.5 and 49 feet. This
covers the required ranqe of from the lowest ECCS suction to 5
.feet above normal water level. Normal water level is
approximately 23 feet.
The accuracv of these instruments is +2% of full scale.
Installation of the suppression pool water level instrumentationvill be complete by January 1982.

18.1. 30. 3. 6 Containment Hydr~pen Monitor

Continuous and redundant indication and recording of hydrogenwill be provided on control room front row panel lC601. These
instruments will have a range of 0 to'- 30%.

The containment hydrogen monitoring system is designed to be
safety qrade. The equipment will be gualified to IEEE-344-1975,
TEEE-323-1974 and NOREG-0588 in accordance with the Commission
order on May 23rd, 1980 (CLI-20-81) .

The accuracy of these instruments is +2% of full scale.
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Installation of the hydrogen monitoring instrumentation vill be
complete by January 1982.

N

18 1 31 INSTRUNENTATXON FOR DETECTION OP INADEQUATE CORE COOLING
~IX P. 2Q

18.1.3l 1 Statement of Requirement

Licensees shall provide a description of any additional
instrumentation or controls (primary or backup) proposed for the
plant to supplement existing instrumentation (including primary
coolant saturation monitors) in order to provide an unambiguous,
easy-to-interpret indication of inadequate core coolinq (ICC). A

description of the functional design requirements for the system
shall 'also he included. A description of the procedures to be
used with the proposed equipment, the analysis used in developing
these procedures, and a schedule for installing the equipment
shall be provided.

18.1.31. 2 Interpretation

None required.

18.1. 31. 3 Statement of Response

The Susquehanna SES reactor vessel eater level instruments
utilize redundant cold reference legs. The reference legs are
connected to redundant and diverse level instruments by parallel
instrument lines. The level instruments provide a range of
measurement from helot the active fuel to above the main steam
lines. The fuel zone instruments are calibrated to LOCA
conditions. This configuration provides optimum performance forall operating conditions and credible transients. The 'reactor
vessel water level instruments are standard for BWR/5~s and later
BWR/4~s and were evaluated by the BWR Owners'roup and found to
be adequate to detect inadequate core cooling (ICC). This
instrumentation is described and documented in NEDO-24708,
»Additional Information Required for NRC Staff Generic Report on
Boilinq Water Reactors". Since the present design uses the
optimum reference leg configuration, no additional
instrumentation or modifications to instrumentation are needed
for detection of ICC.

Symptom based procedures are beinq developed (in response to
requirement T. C. 1) for proper identification of ICC. These
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possible scheme that should be considered is ADS actuation on low
reactor-vessel water level provided no high-pressure coolant
injection or high-pressure coolant system flow exists and a low-
pressure emergency core cooling system is running. This logic
would complement, not replace, the existing ADS actuation logic.
Applicants for operatinq license shall provide results of
feasibility study 1 year prior to issuance of operating license.
A description of the proposed modification for staff approval is
required four months prior to issuance of an operating license.

18.1. 54. 2 Interoretation

The ADS actuation loqic may not be automatically actuated for
steam line breaks (SLB) outside containment. The operator must
manually actuate the ADS after diaqnosing that an SLB has
occurred. The ADS actuation logic should be modified to provide
automatic actuation for all Design Basis Accidents.

18.1.S4.3 Statement of Resnonse

The BWR Owners'roup (BWROG) has completed a generic feasibility
study in response to this requirement. The results were
transmitted by a letter from D B. Waters to D. G. Eisenhut on
March 31, 1981.

PPSL has reviewed the BMROG report and has committed to modify
the ADS logic such that it will be initiated after an appropriate
time delay followinq a low reactor water level condition (level
1). This commitment is discussed in a letter from N. W. Curtis
to A. Schwencer on June 17, 1981 (PLA-851) .

18 1 55 RESTART OP CORE SPRAY AND LOW PRESSURE COOLANT INJECTION
SYSTEMS /XI.K 3. 21$

18 1.55.J Statement of Rgguiremgnt

The core-spray and low-p'ressure, coolant-injection (LPCI) system
flow may be stopped by the operator. These systems will not
restart automatically on loss of water level if an initiati'on
siqnal is still present. The core spray and LPCI system logic
should be modified so that these systems will restart, if
required. to assure adequate core coolinq. Because this design
modification affects several core-cooling modes under accident
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conditions, a preliminary design should be submitted. for staff
review and approval prior to makinq the actual modification.

All applicants for operatinq license should submit documentation
four months prior to the expected issuance of an operating
license or four months prior to the listed implementation date,
whichever is later.

18.1. 55. 2 Interpretation

None required.

18.1.55. 3 Statement of Response

PPSL concurs with the BWR Owners'roup position which was
forwarded to the NRC by letter from D. B. Waters (BWROG) to D. G.
Eisen hut fNRC), December 29, 1980.

The BWROG report states that the current ECCS design represents
the optimum approach to BWR safety. No modifications to existing
LPCI and core spray systems are necessary in response to this
requirement.

18.1. 56 AUTOMATIC SWITCHOVER OP REACTOR CORE ISOLATION
COOLING SySTEM SUCTION /II K.3.22$

18.1. 56. 1 Statement of Reauirement

The reactor core isolation cooling (RCIC) system takes suction
from the condensate storage, tank with manual switcho'ver to the
suppression pool when the condensate storage.tank level is low.
This switchover should be made automatically. Until the
automatic switchover is implemented, licensees should verify that
clear and cogent procedures exist for the manual switchover of
the RCIC system suction from the condensate storage tank to the
suppression pool.

C

Documentation must be submitted four months 'prior to issuance of
the staf f safety evaluation report or four months prior to the
implementation date, whichever is later. Modifications shall be
completed by January 1, 1982.
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18 1.56.2 Interpretation.

None required.

18 1. 56. 3 Statement of Response

1Manual svitchover of the RCIC suction from the condensate
storaqe tank {CST) to the suppression pool on lov CST level is
covered in the Emergency Operating Procedures.

Specifically, this item is addressed in the,following Emergency
Operatinq Procedures: .

EO-00-022 (Cooldovn) Section 2.C.
E0-00-023 (Containment Control) Section 2.D.

This procedural guidance is an interim measure and will be
revised to discuss automatic svitchovez of the RCIC suction when
the desi qn c hanqe is implemented.

The desiqn changes for automatic switchover are being developed.All modifications vill be completed by January 1982.

18.1. 57 CONFIRM ADEQUACY OF SPACE COOLING FOR HIGH
PRESSURE COOLANT INJECTXON'ND REACTOR
CORg ISOLATXON COOLING 'SYSTEMS /IX K 3 24) ~

18.1 57 1 Statement of Requirement

Lonq-tezm operation of the reactor core isolation cooling (RCIC)
and high-pressure coolant infection (HPCI) systems may require
space coolinq to maintain the pump-room temperatures vithin
allowable limits. Licensees should verify the acceptability of
the consequences of a complete loss of alternating-current {AC)
power. The RCIC and HPCI systems should be de'signed to vithstand
a complete loss of offsite AC pover to their support systems,includinq coolers, for at least 2 hours.

All applicants for operating license should submit documentation
four months prior to the expected issuance of the staff safetyevaluation report for an operating license or four months prioz
to the listed implementation date, whichever is later.
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18. l. 57. 2 Inte roreta t ion

Confirm that HPCI and RCIC room cooling can be maintained to
enable continuous operation during a loss of offsite AC power for
2 hours.

18.1. 57. 3 Statement of Response

The HPCI and RCIC room unit coolers and their support systems are
designed to withstand the consequences of a complete loss ofoffsite AC power since these are powered from onsite diesel
generators. Each HPCI and RCIC room is provided with a 100%
capacitv redundant unit cooler. Refer to Subsection 9.4 2. 2.

18 1 58 EFFECT OF LOSS OF ALTERNATING-CURRENT POWER ON
RECIRCULATION POMP SEALS /II.K- 3. 25)

18.1.58.1 Statement of geguirement

The licensees should determine, on a plant-specific basis, byanalysis or experiment, the consequences of a loss .of cooling
water to the reactor recirculation pump seal coolers. The pumpseals should be designed to withstand a complete loss ofalternating-current (AC) power for at least 2 hours. Adequacy of
the seal design should be demonstrated.

Applicants for operating licenses shall submit the evaluation and
proposed modifications no later than 6 months prior to expected
issuance of the staff safety evaluation report in support oflicense issuance, whichever is later. Modifications must be
completed by January 1, 1982.

18.1. 58. 2 Interpretation

Evaluate the effect of a loss of offsite AC power for 2 hours on
the recirculation pump seals.

18.1. 58.3 Statement of Response

The system(s) providing cooling water to the recirculation pump
seals will be modified to automatically receive emergency powerfollowing a loss of offsite power. These modifications will be
completed prior to the first refueling outage.
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18.1 59 PROVIDE A COMMON REFERENCE LEVEL
FOR VESSEL LEVEL XNSTRU MENT~AION ~ /II K. 3~27}-

18 1.59.1 Statement of Reauirement

Different reference points of the various reactor vessel water
level instruments may cause operator confusion. Therefore, all
level instruments should be referenced to the same point. Either
the bottom of the vessel or the top of the active fuel are
reasonable reference points.

All applicants for operating license should submit documentation
four months prior to the expected issuance of the staff safety
evaluation report for an operatinq license or four months prior
to the listed implementation date, whichever is later.

18.1. 59. 2 Integpgetation

None required.

18.1.59 3 Sta'tement of Response.

Susquehanna SES will be modified so that all reactor water level
indications use the same reference point, the bottom of the steam
dryer skirt. This commitment was previously stated in letters
from N. R. Curtis to A. Schwencer on July 21 and August 4, 1981
(PLA-888, —,987)

18.1.60 VERIFY QUALIFICATION OP ACCUMULATORS ON AUTOMATIC
DEPRESSURIZATION SYSTEM VALVES (II K. 3 28)

18.1. 60. 1- Statement of Requirement

Safety analysis reports claim that air or nitrogen accumulators
for the automatic depressurization system (ADS) valve's are
provided with sufficient capacity to cycle the valves open five
times at design pressures. GE has also stated that t he emergency
core cooling (ECC) „systems are desiqned to withstand a hostile
environment and still perform their function for 100 daysfollowinq an accident. Licensee, should verify that the
accumulators on the ADS valves meet these, requirements, even
consider ing normal leakage. If this cannot be demonstrated, the
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licensee must show that the accumulator design is still
acceptable.

The ADS valves, accumulators, and associated equipment and
instrumentation must be capable of performing their functions
during and followinq exposure to hostile environments and taking
no credit for nonsafety-related equipment or instrumentation.Additionally, air (or nitrogen) leakage through valves must be
accounted for in order to assure that enough inventory of
compressed air is available to cycle the ADS valves.
All applicants for operating license shall submit documentationfour months before the expected issuance of the staff safetyevaluation report for an operatinq license or four months beforethe listed implementation date whichever is later.

18.1. 60. 2 Interpretation

None required.

18.1.60.3 Statement of Response

The BWR Owners'roup (BWROG) is performing a generic evaluationin response to this requirement. PPSL will prepare a responsefollowinq review of the BRROG report.

18 1.61 REVISED SNALL-BREAK LOSS OF COOLANT ACCIDENT METHODS/XI K.3 30$

18.1. 61. 1 Statement of Reauirement
A

The analysis methods used by nuclear steam supply system vendors
and/or fuel suppliers for small-break loss-o f-coolant accident
(LOCA) analysis for compliance with Appendix K to 10 CPR Part 50should be revised. documented and submitted for NRC approval.

The revisions should account for comparisons vith experimental
data, including data from the LOFT test and Semiscale Testfacilities.
The Bulletins and Orders Task Force identified a number of
concerns reqardinq the adequacy of certain features of small-
break LOCA models, particularly the need to confirm specific
model features (e.q., condensation heat transfer rates) aqainst
applicable experimental data. These concerns, as they applied to
each liqht-water reactor (LRR) vendor's models, were documented
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in the task force also concluded that, in light of the THI-2
accident, additional systems verification 'of the .small-break LOCA
model as required by II.4 of Appendix K to 1'0 CPR 50 was needed.
This included providing experimental verification of'he various
modes of single-phase and two-phase natural circulation predicted
to occur in each vendor's reactor during small-break LOCAs.

Based on the cumulative staff requirements for additional small-
break LOCA model verification, including both integral system and ~

separate effects verification, the staff considered modelrevision as the appropriate method for-reflecting any potential
upgradinq of the analysis methods.

The purpose of the verification was to provide the necessary
assurance that the small-break LOCA models were acceptable tocalculate the behavior and consequences of small primary system
breaks. The staff believes that this assurance can alternatively
be provided, as appropriate, by additional justification of theacceptability of present small-break LOCA models with regard tospecific staff concerns and recent test data. Such justification
could supplement or supersede the need for model revision.
The soecific staff concerns regarding small-break LOCA models are
provided in the analysis sections of the BFO Task Force reportsfor each LWR vendor, (NUREG-0635, -0565, -0626, -0611, and—
0623) . These concerns should be reviewed in total by each holderof an approved emergency core cooling system model and addressedin the evaluation as appropriate.
The recent tests include the entire Semiscale small-break testseries and LOFT Tests (L3-1) and L3-2) . The staf f believes thatthe present small-break LOCA models can be both qualitatively andquantitatively assessed against these tests. Other separateeffects tests (e.g., ORNL core uncovery tests) and future tests,
as appropriate, should also be factored into this assessment.

Based on the preceding information, a detailed outline of the
proposed proqram to address this issue should be submitted., Inparticular, this submittal 'should identify (1) wh'ich areas of the
models, if any, the licensee intends to upgrade, (2) which areas
the licensee intends to address by further justification ofacceptability, (3) test data to be used as part of 'he overall
verification/upqrade effort, and (4) the estimated schedule for
performing the necessary work and submitting this information, forstaff review and approval.

Licensees shall submit an outline of a program for modeljustification/revision by November 15, 1980. Licensees shall
submit additional information for model justification and/or
revised analysis model for staff approval by January 1,

1982.'icenseesshall submit their plant-specific analyses using the
revised models by January 1, 1983 or one year after any model

I
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xevisions are approved. Applicants shall submit appropriateinformation in accordance with the licensing review schedule

18.1.61.2.Internretation

None required.

18.1.61.3- Statement Qf Response

PPSL considers that the reactor vendor, General Electric, is the
most appropriate party to work with the staff in resolving staff
concerns with small break LOCA models for BWRs. Accordingly, thestaff should direct their questions regarding the scope and
schedule for this requirement to General Electric {attn R. H.
Buchholz, Manager, BWR Systems Licensing). Copies of
correspondence on this item should be sent to PPGL so that we mayremain cognizant of the progress of the pxogram to resolve thestaff 's concerns on this requirement.

18.1. 62 PLANT-SPECIFIC CALCULATIONS TO SHOW COMPLIANCE WITH 10CFR
PART 50.46 /IT K. 3. 31~

18. 1. 62. 1 Statement of peguirement

Plant-specific calculations usinq NRC-approved models for small-
break loss-of-coolant accidents (LOCAs) as described in itemII.K.3.30 to show compliance with 10 CFR 50.46 should be
submitted for NRC approval by all licensees.

1 8. l. 62. 2 Inte rare tation

None required.

18,1. 62. 3 Statement of Response

Plant specific calculations will be performed, if required,followinq NRC approval of LOCA model revisions xequired by itemII.K.3.30 {see Subsection 18. 1.61)
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18. 1 63 EVALUATION OF ANTICIPATED TRANSIENTS QITH SINGLE
FAILURE TO VERIFY ~ NO PURL CLADDING FAILURE /II K~3 ~44

18.1. 63. 1-Statement of Reguigement

Por anticipated transients combined with the worst single failure
an assuminq proper operator actions, licensees should demonstrate
that the core remains covered or provide analysis to show that no
siqnificant fuel damaqe results from core uncovery. Transients
which result in a stuck-open relief valve should be included in
this category. I

All applicants for operatinq license should submit documentation
four months prior to the expected issuance of the staff safety
evalaution report for an operating license or four months prior
to the listed implementation date, whichever is later.

18.1. 63. 2 Interpretation

None reguired.

18. l. 63. 3 Statement of Response

The BWR Owners'roup has prepared a generic response to this
requirement. The report was transmitted to D. G, Eisenhut by a
letter from D. B. Waters on December 29, 1980. This response
contains an evaluation of analyses performed to demonstrate the
core remains covered. or no significant fuel damage occurs from an
anticipated transient with a single failure. PPSL has reviewed
this response and finds it is applicable to Susquehanna SES. The
report concludes that the core remains covered for all evaluated
combinations of anticipated transients and single failures.

18.1.64 EVALUATION OF DEPRESSURIZATION PITH OTHER THAN THE
AUTOMATIC DEPRESSURIZATION SYSTEM /II.K.3 45}

18.1.64.1 Statement of Requirement

Analyses to support depressurization modes other than full
actuation of the automatic depressurization system (ADS) (e..g.,
early blowdown with one or two safety relief valves) should be
provided. Slower depressurization would reduce the possibility
of exceeding vessel integrity limits by rapid cooldown.

Rev. 27, 10/81 18 1-109



SS ES-PS AR

All applicants for operating license should submit documentation
four months prior to the expected issuance of the staff safety
evaluation report for an operating license or four months prior
to the listed implementation date, whichever is later.

18.1. 64. 2. Interpretation

Hone required.

18.1.64. 3 Statement of Response-

The BWR Owners~ Group submitted a generic response to this
requirement. This response was transmitted by letter to D.,G.
Eisenhut from D. B. Waters on December 29, 1980. PPSL has
reviewed this response and find it applicable to Susquehanna SES.
The report concludes that no improvement can be gained by a
slower depressurization and actually could be detrimental to core
cooling. Therefore no additional action is necessary in response
to this requirement.

18 1 65 MlCHELSON ~ CONCERNS QIl.K 3,46/

18 1.65.1 Statement of Requirement

A number of concerns related to decay heat removal following a
very small break LOCA and other related items were questioned by
Mr. C. Michelson of the Tennessee Valley Authority. These
concerns were identified for PWRs. GE was requested to evaluate
these concerns as they apply to BWRs and to assess the importance
of natural circulation during a small-break .LOCA in BWRs.

18.1. 65. 2 Inte~rretation

None required.

18.1.65.3 Statement of Response

The General Electric Company has responded to the guestions posed
by Mr. Michelson. This response was sent by letter from R. H.
Buchholz to D. P. Ross on Pebruary 21, 1980. These responses are
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applicable to Susquehanna SES and no further response is
necessary.

18. 1,66 EN ERGENCY PREP AR EDN ESS-SHORT TERN /III. A 1 1)

No requirement stated in NUREG 0737- Refer to Subsection 18. 2.38
which contains the response to the requirement- in NUREG 0694.

1 8 1 67 UPGRADE ENE'BGENCY SUPPORT FACILITIES'I II A 1 2}

18.1.67.1 Statement of Requirement

A detailed statement of the requirement can be found in NUREG-
0696. The implementation. schedule was announced in Generic
Letter 81-10 on February 18, 1981. This schedule is as follows:
Design information for emergency response facilities 'should be
provided in connection with the operating license review process.
These facilities shall be operational by October 1, 1982 or prior
to fuel load, whichever is later. Interim facilities, as
described in NUREG-0694 shall be provided by fuel load.

18. 1. 67. 2 In te rare ta tip n

None req uired.

18. 1. 67. 3 Statement of Response

The nroposed method of respondinq to this requirement was
submitted by a letter to B. J. Youngblood from N. M. Curtis on
April 2, 1981 (PLA-704) . Details on the emergency response
facilities are presented in Appendix I of the Emergency Plan.

18-1. 68 EMERGENCY PREPAREDNESS-LONG TERN /III~A.2$

18.1.68.1 Statement of Requirement

Each nuclear facility shall upqrade its emergency plans to
provide reasonable assurance that adequate protective measures
can and vill be taken in the event of a radiological emergency.
Specific criteria to meet this requirement is delineated in
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NUBEG-0654 (FEMA-BEP-l), »Criteria for Preparation and Evaluation
of Radiological Emergency Response Plans and Preparation inSupport'f Nuclear Power Plants."
NUREG-0654, Revision 1; NUREG-0696, »Functional Criteria for
Emergency Response Facilities; » and the amendments to 10 CPB Part
50 and Appendix E to 10,CFR Part 50 regarding emergency
preparedness, provide more detailed criteria for emergency plans,
desiqn, and functional criteria for emergency response facilities
and establishes firm dates for submission of upgraded emergency
plans for installation of prompt notification systems. These
revised criteria and rules supersede previous Commission guidancefor the upgrading of emergency preparedness at nuclear power

. f
acilities.'equirements

of the new emergency-preparedness rules under
paragraphs 50.47 and 50.54 and the revised Appendix E to Part 50
taken together with NUBEG-0654 Revision 1 and NUREG-0696, when
approved for issuance, go beyond the previous requirements for
meteorological proqrams. To provide a realistic time f rame for
implementation. a staged schedule has been established with
compensatinq actions provided for interim measures.

Specific milestones have, been developed and are presented below.

Milestones are numbered and tagged with the following code; a-
bate b-activity c-minimum ac~ce tance criteria. They are asfoliows:

(1) a Fuel load.

b. Submittal of radiological emergency response
plans.

c. A description of the plan to include elements of
NUREG-0654, Revision 1, Appendix 2.

(2) a. Fuel load.

b. Submittal of implementing procedures.

ci Methods, systems,
monitor actual or
of a radioloqica1
provided.

and equipment to assess and
potential offsite consequences
emergency condition shall be

(3) a. Fuel load.

b. Implementation of radiological emergency response
plans.
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c. Four elements of Appendix 2 to NUREG-0654 with the
exception of the Class B model of element 3, or

Alternative to item (3) requiring compensating actions:
I

A meteorological measurements program which is
consistent with the existing technical specifications
as the the baseline or an element 1 program and/or
element 2 system of Appendix 2 to NURBG-0654, or two
independent element 2 systems shall provide the basic
meteorological parameters (wind 'direction and speed and
an indicator or atmospheric stability) on display in
the control room. An operable dose calculational
methodology (DCN) shall be in use in the control room
and at appropriate emergency response facilities.
The following compensatinq actions shall be taken by
the licensee for this alternative:

If only element l or element 2 is in use:

o — The licensee (the person who wi'll be
responsible for making 'offsite dose
projections) shall check communications with
the cognizant National Weather Service (NWS)first order station and NMS forecasting
station on a monthly basis to ensure that,
routine meteorological obsexvations and
forecasts can be accessed.

o The licensee shall calibrate the
meteorological measurements program at a
freq'uency no less than quarterly and identify
a readily available source of meteorological
data {characteristic of site conditions) to
which they can gain access during calibration
periods.

o During conditions of measurements system
unavailability, an alternate source of
meteorological data which is characteristic
of site conditions shall be identified to
which the licensee can gain access.

0 The licensee shall maintain a site inspection
schedule for evaluation of the meteorological
measurements program at a frequency no less
than week 1 y.

0 Xt shall be a reportable occurence if the
meteorological data unavailability exceeds
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the goals outline in Proposed Revision 1 to
Regulatory Guide 1.23 on a quarterly basis.

The portion of the DCM relating to the t ra nspo rt
and diffusion of gaseous effluents shall be
consistent with the characteristics of the Class A
model outlined in element 3 of Appendix 2 to
NOR BG- 0654.

(iii) Direct telephone access to the individual
responsible for making offsite dose projections
(Appendix E to 10 CPH Part 50 (IV) (A) (4) ) shall be
available to the NRC in the event of a
radiological emergency. Procedures for
establishing contact and identif ication of contact
individuals shall be provided as part of the
implementing procedures.

This alternative shall not be exercised after July 1, 1982
Further by July 1, 1981. a functional description of the
upgraded programs (four elements) and schedule for
installation and full operational capability shall be
provided (see milestones 4 and 5)

a. March 1, 1982.

b. Installation of Emergency Response Facility
hardware and so ftware.

c Pour elements of Appendix 2 to NUREG-0654, with
exception of the Class B model of element 3.

July 1, 1982

b. Pull operational capability of milestone 4.

The Class A model (designed to be used out to the
plume exposure EPZ) may be used in lieu of Class B

model out to the ingestion EPZ. Compensating
actions to be taken for extending the application
of the Class A model out to the ingestion EPZ
include access to supplemental information (meso
and synoptic scale) to apply judgment regarding
intermediate and long-range transport estimates.
The distribution of meteorological information by
the licensee should be as described in Table 18.1-
13 by July 1 ~ 1982.

July 1, 1982 or at the time of the completion of
milestone 5, whichever is sooner.

b. Manda tor y review of the DCM by the licensee.
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ce Any DCM in use should be reviewed to ensure
consistency with the operational Class A model.
Thus, actions recommended during the initial
phases of a radiological emergency would be
consistent with those after the TSC and EOP are
activated.

{7) a September 1, 1982.

b. Description of the Class B model provided to the
N BC.

co Documentation of the technical bases andjustification for selection of the type Class B
model by the licensee with a discussion of thesite-specific attributes.

{8) a. June 1, 1983.

b. Pull operational capability of the Class B model.

c. Class B model of element 3 of Appendix 2 to HUREG-
0654, Revision 1

Applicants for an operating license shall meet at least
milestones 1, 2, and 3 prior to the 'issuance of an operatinglicense. Subsequent milestones shall be met by the same
dates indicated for operating reactors. Por the alternativeto milestone 3 ~ the meteorological measurements programshall be consistent with the NUREG-75/087, "Standard Reviev
Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants,." Secton 2.3.3 program as the baseline or
element 1 and/or element 2 systems.

18.1. 68. 2 Interpretation

None required.

18.1. 68. 3 Statement of Rgspggge

Milestones 1, 2 and 3 are beinq addressed as a part of the short
term emergency preparedness requirement III.A.l.l. Refer to
Subsection 18.2.38 for response. Responses to these and other
milestones vill be incorporated into Appendix 'I of the Emergencyplan.
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18 1 69 INTEGRITY OF SYSTEMS OUTSIDE CONTAINMENT LIKELY TO CONTAIN
R AQEOACTIVE MATERIAL~III D. 1. 1$

18.1. 69.1 Statement of Reauirement

Applicants shall implement a program to reduce leakage from
systems outside containment that would or could contain highly
radioactive fluids during a serious transient or accident to as-
1ow-a s-p ractical levels. This prog ram shall incl ude the
followinq:

{1) Immediate leak reduction.

(a) Implement all practical leak reduction measures
for all systems that, could carry radioactive fluid
outside of containment.

(b) Measure actual leakaqe rates with system in
operation and report them to the NRC.

(2) Continuing Leak Reduction —Establish and implement a
program of preventive maintenance to reduce leakage to
as-low-as-practical levels. This program shall include
periodic integrated leak tests at intervals not to
exceed each refueling cycle.

This requirement shall be implemented prior to issuance of a
full-power 1icense.

Applicants shall provide a summary description, together withinitial leak-test results, of their program to reduce leakage
from systems outside containment that would or could contain
primary coolant or other highly radioactive fluids or gases
durinq or following a serious transient or accident. Applicants
shall submit this information at least four months prior to fuel
load.

18.1. 69 2 Interpretation

N one req uired.

18 l. 69 3 Statement of Response

1. P roq ram summary description:
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1.1 The following systems will be leak tested {the
,frequency is indicated in ( ) after each each
item):

A.
B.
C
D

E.
F
G ~

H

I

Residual Heat Removal
Reactor Core Isolation Cooling
Core Spray
Hiqh Pressure Core Injection
Scram Discharge
Reactor Hater Clean-up+
Standby Gas Treatment
Containment Air Monitors
Post Accident Sampling

(18 months)

Initial leak-test results will be available when
the first measurements are made, prior to
completion of 'the startup test program.

NOTE: The RMCU system will not have
siqnificant post-accident radioactivity because

~ the suction is isolated by containment isolation
siqnals- {refer to Table 18.1-10) . However, this
system may conceivably be used in some post-
accident scenarios, and will therefore be leak
tested.

1.2 The following systems contain radioactive material
but are excluded from our program (justification
for exclusion follows each item):
A. Main Steam — identified by NEDO-24782 as not

to be regarded as containing highly
radioactive fluid following an accident.

B. Feed water — same justification as A.

C. Main Steam Line Drain - this system is
isolated following a LOCA.

D Reactor Mater Sample — this system will not
be used fo1lowinq an accident, a separate
post-accident sampling station is being
developed in response to item II.B.3.

Recirculation Pump Seal Mater (from CRD
pumps) — lines are protected by check valves
and an excess flow check valves.

F Floor 6 Equipment Drains — this sytem
isolated following a LOCA and vill not be
used following an accident.
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G Suppression Pool Clean-up 6 Drain — same
justification as F.

l. 3 Method for obtaining actual leak rates

A. Mater - leakage will be collected in a
graduated measuring device and timed to
determine GPM leak rate. Implementing
procedures vill establish criteria for
initiation of leak rate guantification.

B Steam — an estimate of the size of the leak
will be made (i.e. equivalent pipe diamet.er
steam flow) . Flowrate vill be determined
using standard Handbook data. This will be
converted to a GPM flowrate usinq the
specific volume of the steam at the given
conditions.

2 The tvo gaseous systems are tested as follovs:
A ~ Standby Gas Treatment System — This system is

subject to filter efficiency testing'in accordance
with the Technical Specifications vhich includes
"DOP" and refriqerant injection.

B.- Containment Air Monitors — These are tested vhile
the system is under normal running conditions by
checking each mechanical joint with 'iquid soap.

Consideration vas qiven to the Standby Gas system
regarding the incident, at North Anna Unit 1 in 1979.
The standby qas piping and duct work from the
containment to the filters are qas tight and do not
include any pressure relief devices which would allow
gases to escape to the Reactor Buildinq. The pip'ing is
rated at 150 psig and the duct work is HVM-GS-G (High
Velocity Medium Pressure — Galvanized. Steel — Gas,
tiqht) .

Xn light of the above, the actions stated in 1.1.G and
2. A have resulted.

4. Technical Specifications vill incorporate an acceptance
criteria of 5 GPM total leakage rate for the systems
listed in 1.1 vith the exception of:

A. Standby Gas Treatment - vhich is limited to the
acceptance criteria stated in, Technical
Specifications Subsection 4.6.5.3 and
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B. The containment air monitors — which has an
acceptance criteria of zero leakage as determined
by a liquid soap test.
The proqram vill implemented prior to fuel load.

18 1 70 INPLANT IODINE RADIATION MONITORING /III D 3 3g

18.1. 70. 1 S ta teme nt o f Reguige men t

Each licensee shall provide equipment and associated training and
procedures for accurately determining the airborne iodine
concentration in areas within the facility where plant personnel
may be present during an accident

Effective monitorinq of increasing iodine levels in the buildings
under accident conditions must include the use of portable
instruments usinq sample media that vill collect iodine
selectively over xenon (e. q., silver zeolite) for the following
reasons:

(1) The physical size of'he auxiliary and/or fuel handling
building precludes locatinq stationary monitoring
instrumentation at all areas where airborne iodine
concentration data might be required.

(2) Unanticipated isolated »hot spots« may occur in
locations where no stationary monitoring
instrumentation is located.

(3) Unexpectedly high background radiation levels near
stationary monitorinq instrumentation after an accident
may interfere vith filter radiation readings.

(4) The time required to retrieve samples after an accident
may result in hiqh 'personnel exposures if these filters
are located in hiqh-dose-rate areas.

After January i, 1981, each applicant and licensee shall have thecapability to remove the samplinq cartridge to a lov-background,
lov-contamination area for further analysis. Normally, counting
rooms in auxiliary buildings vill not have:sufficiently lov
backqrounds for such analyses folloving an accident. In the low
backqround area, the sample should first be purged of any
entrapped noble gases u ing nitrogen gas or clean air free of
noble gases. The licensee shall have the capability to measure
accurately the iodine concentrations present on these samples
under accident conditions. There should be sufficient samplers
to sample all vital areas.
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18. 1. 70. 2 In te roreta t ion

PPGL is in basic agreement with the technical discussion as
outlined in this requirement. It should be noted that
Susquehanna SES is a BWR and does not possess an auxiliary
building. Consequently, it is premature to suggest that our
counting facilities within the control structure vill be
inadequate to effectively count air samples. Additionally,
purqinq of the air sample cartridges may not be necessary if aneffective collection media is used for radioiodine air sampling.
18.1. 70.3 Statement of Re~sonse

PPSL intends to meet the requirements defined in this item. To
summarize the program being implemented, three (3) Eberline
Instrument Corporation PING —.2A Particulate, Iodine and Noble
Gas Air Monitoring Systems are provided for air sampling plant
areas vhere personnel may be present during accident conditions.
The systems are cart mounted with battery back-ups.

Grap samples are obtained using the equipment specified in
Subsection 12. 5.2.6.3 During accident conditions silve zeolite
cartirdqes will be used for radioiodine analysis in conjunction"
with two (2) Pberline stabilized assay meters (SAM-2) .

Air samples are evaluated as specified in Subsection 12.5.3.5.5.
In addition to initial training provided for Health Physics
personnel, periodic drills are conducted in accordance with the
Susquehanna Emergency Plan Section 8.1.2 (See Amendment 25 of
Operatinq License Application) .

Analysis of iodine cartridges will be performed in a low
background, low contamination area. During accident conditions,
preliminary analysis will be performed by onsite radiation
monitorinq teams in the countinq room, if accessible using a SAM-
2. Final analysis vill be performed in the health physicsfacilities in the traininq center (onsite) or in another
laboratory facility (offsite) where appropriate sensiti'vity can
be achieved. Prior to analysis, cartridges vill be purged usingstation service air or bottled nitrogen which is'stored on site.,
All equipment and procedures vill be available for use by fuel
load.
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18. 1 71 CONT ROL - ROOM HABITABILITYR~EUIREMENTS ~XII D 3 4Q.

18.1.71. 1 Statement of Reguirement

Licensees shall assure that control room operators vill be
adequately protected against the effects of accidental release of
toxic and radioactive gases and that the nuclear power plant can
be safely operated or shut down under design basis accident,
conditions (Criterion 19, "Control Room," ~ of Appendix A, "General
Desiqn Criteria for Nuclear Power Plants," to 10 CFR Part 50} .

All licensees must make a submittal to the NRC regardless of
whether or not they met the criteria of the Standard Review Plans
(SRP) sections listed below. The new clarification specifies
that licensees that meet the criteria of the SBPs should provide
the basis by referencing past submittals to the NRC and/or
providing new or additional information to supplement past
submittals.

v

18.1. 71. 1.1 Requirements for Licensees that Meet Criteria

All licensees with control rooms that meet the criteria of the
followinq sections of the Standard Review Plan:

2 2. 1-2. 2. 2
2. 2.3
6 4

Identification, of Potential Hazards in Site Vicinity
Evaluation of Potential Accidents;
Habitability Systems

shall report their findings reqardinq the specific SRP sections
as explained below The followinq documents should be used for
quida nce:

(a) Requlatory Guide 1.7&, "Assumptions for Evaluating the
Habitability of Regulatory Power Plant Control Room During a
Postulated Hazardous Chemical Release";,

fb) Requlatory Guide 1.95, "Protection of Nuclear Power Plant
Control Room Operators Against an Accident Chlorine
Release'~; and,

(c) K. G. Murphy and K. M. Campe, "Nuclear Power Pla nt Control
Room Ventilation System Desiqn for Meeting General Desiqn
Criterion 19," 13th AEC Air Cleaning Conference, August
1974 ~

Licensees shall submit the results of their findings as well as
the basis for those findings by January 1, 1981. In providing
the basis for the habitability finding, licensees may reference
their past submittals. Licensees should, however, ensure that
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these submittals reflect the current facility design and that the
information requested in Attachment .1 of NUREG 0737 is provided.

18.1. 71.1 2 Requirements for Licensees that Do Not
feet Cgitegja

All licensees with control rooms that do not meet the criteria of
the above-listed references, Standard Review Plans, Regulatory
Guides, and other references shall perform the evalua'tions and
identify appropriate modifications, as discussed below.

Each licensee submittal shall include the results of the analyses
of control room concentrations from postulated accidental release
of toxic qases and control room operator radiation exposures from
airborne radioactive material and direct radiation resulting from
design-basis accidents. The toxic gas accident analysis 'should
be performed for all potential hazardous chemical releases
occurrinq either on the site or within 5 miles of the plant-site
boundary. Regulatory Guide 1.78 lists the chemicals most
commonly encountered in the evaluation of control room
habitability but is not all .inclusive.

The design-basis-accident (DBA) radiation source term should be
for the loss-of-coolant accident LOCA containment leakage and
engineered safety feature,(ESP) leakage contribution outside
containment as described in Appendix A and B of Standard Review
Plan Chapter 15.6.5. In addition, boiling-water reactor (BMR)facility evaluations should add any leakage from the main steam
isoaltion valves (5SIV) (i.e., valve-stem leakage, valve seat
leakage, main steam isolation valve leakage control system
release) to the containment leakage and ESP leakage following a
LOCA. This should not be construed as alterinq the staff
recommendations in Section D of Regulatory Guide 1 96 (Rev. 2)
reqardinq NSIV leakaqe-control systems. Other DBAs should be
reviewed to determine whether they might constitute a more-severe
control-room hazard than the LOCA.

In addition to the accident-analysis results, which should either
identify the possible need for control-room modificati;ons or
provide assurance that the habitability systems will operate
under all postulated, conditions to permit the control-room
operators to remain in the control room to take appropriate
actions required by General Desiqn Criterion:19, the licensee
should submit sufficient information needed for an independent
evaluation of the adequacy of the habitability systems.
Attachment 1 of NUREG 0737, item IIX.D.3.0 lists the information
that should be provided alonq with the licensee~s evaluation.
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18. 1. 71. l. 3 = Doc@mentation, and Implementation

Applicants for operatinq licenses shall submit their responses
prior to issuance of a full-power license. Modifications neededfor compliance with the control-room habitability requirements
specified in this letter should be identified, and a schedule for
completion of the modifications should be provided.
Implementation of such modifications should be started without
awaitinq the results of the staff review. Additional needed
modifications. if any, identified by the staff during its reviewvill be specified to licensees.

18.1. 71. 2 Interpretation

None required.

18.1.71. 3 Statement of Response

The control room HVAC system layout and .functional design
includes protection of the control zoom from radioactive andtoxic qases. Subsection 6.4 provides a complete description ofthis system and compliance to habitability requixements. Refer
to Subsection 6.4 for the response to this requirement.
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18 2. 10. 2 In te mr eta t ion

None required.

18.2.10.3 Statement of Resoonse

Administrative procedure AD-QA-300, ~~Conduct of Operations,"
provides the authority and instructions for control room accesscontrol.

I
F

P

18-2.11 PROCEDURES FOR FEEDBACK OP OPERATING EXPERIENCE TO
PLANT STAgF gI C 5g

Requirement. superseded by NUREG 0737. Refer to Subsection18.l. 12 for re sponse.

18. 2. 12 NSSS VENDOR REVIEW OF P ROCEDURES gI C 7)

18.2.12.1 Statemegt of Requirement

Obtain nuclear steam supply'ystem vendor review of low-power
testing procedures to further verify their adequacy. This
requirement shall be met prior to fuel load.
Obtain NSSS vendor reviev of power-ascension test and emergency
procedures to further verify their adequacy. This requirement
must be met before issuance of a full-power license.

18. 2. 12. 2 In te rpreta tion

None required.

18.2.12. 3 Statement og Response

The General Electric Company, through its site startup
organization, will review all startup tests associated with NSSS
systems and vill review all Emergency Operating procedures. The
startup tests encompass the low power testinq and the power
ascension testing phases. These reviews will be completed priorto fuel load.
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18 2 13 PILOT MONITORING OF SELECTED ENERGENCY PROCEDURES FOR
NEAR-TERN OPERATING LICENSE APPLICANTS gI.C 8}

18.2.13.1 Statement of geguirement

Correct emerqency procedures, as necessary, based on the NRCaudit of selected plant emergency operating procedures (e.g.,small-break LOCA, loss of feedwater, restart of engineered safetyfeatures followinq a loss of AC power or, steam-line break) .

18.2.13. 2 Interpretation

None required.

18.2.13.3 Statemepg of Respggse

The emergency procedures have been transmitted to the NBC by aletter from N. M. Curtis to B. J. Youngblood on March 4, 1981.
No further response is necessary until the NRC completes theaudit and issues specific requirements.

18.2. 14 CONTROL- gOOM DESIGN ~I. D. 1$

Requirement superseded by NUREG 0737. Refer to Subsection
18.1.16, for response.

18 2 15 TRAINING ~ DUPING LOW POWER TESTING gI G I)

18.2. 15.1 Statement of Requirement

Define and commit to a special low-power testing program approved
by NRC to be conducted at power levels no greater than 5 percentfor the purposes of providing meaningful technical information
beyond that obtained in the normal startup test program and to
provide supplemental traininq. This requirement shall be met
before fuel load.

Supplement operator traininq by completing the special low-'powertest proqram. Tests may be observed by other shifts or repeated
on other shifts to provide training to the operators. This
requirement shall be met before issuance of a full-power license.
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18.2. 15. 2 Interoretation«~4 ~

None required.

18.2.15 3 Statement of Response

The BRR Owners'roup has prepared a generic response to this
reguirement. This was transmitted to D. G. Eisenhut by a letter
from D. B. Haters on February 4, 1981. PPGL concurs with this
response. This qeneric approach outlines an extensive testing
program designed to contribute to and provide for extensive
training opportunities durinq the start-up program. The .objectives of this proqram are to provide:

l. A plant that has been thoroughly tested.
2. 'n operating staff that has received the maximum

experience and in-plant training to safely operate it.
3. Plant procedures that have been reviewed and revised to

provide the staff with proven directions and controls.
Susquehanna's Operator Traininq Proqram has been in progress
since 1977 and is completinq the final phases of training at this
time. This program utilizes the Susquehanna Simulator located at
the plant site and provides the operators with extensive trainingprior to actual operations in the plant itself. The Simulator isalso used for procedure development and check out.
The Operator Training Program that is bei;nq developed for the
Preoperational and Low Power Testing Program incorporates and
builds on the extensive training already completed by the
operations section. It vill include the recommendation presentedin the BWR Owners ~ Group position but goes beyond those
recommendations by maximizing the use of the Susquehanna
Simulator in preparinq the operators for the start-up tests to be
performed.

The objective of the Operator Training Program is to provide each
operator with the maximum learninq experience during the start-up
phase. In order to achieve this objective, a comprehensivetraining program is being developed that utilizes the manytraininq opportunities that are ava ilable during this period and
ensures actual testing. This program covers the period from
Preoperational/Acceptance Testing through the Power Test Program
on Unit I. To support this amount of training the operations
section which is staffed for six sections has reorganized intofour sections. This reorqanization provided the benefit of
allowinq more operators off shift to attend 'formal training as

Rev. 27, 10/81
18. 2-7



SS ES-PS AR

well as provide more operating experience for each shift team..
Every effort is beinq made to keep the shifts intact, and provide
training that promotes the»Shift Team» concept.

The traininq program beinq developed covers the areas of
activities listed below but recognizes the overlap that exists
between some of the areas.

I. Preoperational/Acceptance TestingII. Cold Functional Testing
XIX. Hot Functional Testinq
IV. Start-up Tests
V. Additional Testing

Each area of testing has activities that lend itself to opera tor
traininq. 'he ma jor ones are outlined in Table 18.2-1. The
traininq program provides a vehicle to identify activities'hat
have a significant benefit for training, documents this training,
and ensures that all shift crews 'receive equal experience
opportunities. The program also at'tempts to schedule repeats of
certain evolutions that are considered critical and cannot be
routinely performed at a later time. The traininq program will
identify areas of testinq/traininq that while 'not required by
start-up program would have additional training benefit. This
testing/traininq could then be scheduled into the testing program
as additional testinq
Finally this program vill develop the basis for the In-Plant
Drill Program. This comprehensive approach to testing/training
more than adequately satisfies the requirements of NUREG 0737.

Susquehanna SES vill conduct a, test vhich simulates a loss of AC
power condition for the reactor and containment systems. The
purpose of this test vill be to obtain data relative to the
performance of these systems under the imposed condition of no AC
power available for mitiqation of transient effects. Several key
factors associated vith performance of this test include:

(a) No blockinq of low pressure ECCS functions vill be provided.
Transient conditions imposed by the test are not expected to
initiate these systems on low water level. Adequate data
will be obtained prior to injection of low pressure ECCS
flov on a hiqh drywell pressure signal in conjunction with a
confirmatory lov reactor pressure signal. If initiation
points are reached earlier, in the test, this would represent
a criteria for test termination and the ECCS would be
allowed to function as designed.

(b) In, most if not all cases, Limiting Conditions for
Operation vill not be violated. It is possible that as
test plans are developed, certain LCO's vill be
identified as inhibiting test performance. However,
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'or

LCO's, that are being approached as a result of
transient effects during the test, this vill representcriteria for test termination to insure plant safety.

(c) Loss of power to plant instrumentation will not be
simulated. To accomplish the major goal of this test,
instrumentatin vill be maintained functional for proper
data collection. This constraint is also considered
necessary to insure plant sfaety. Training of licensed
operators in response to the loss of all station AC
condition will be provided at PPCL~s plant specific
simulator. This 'vill provide the opportunity to
experience the instrumentation blackout condition
without placinq the plant in jeopardy.

(d) Plant AC busses will remain energized, the emergency
diesel generators vill be available or operating, and
breakers to safeguards equipment vill not be racked
out. These precautions are considered necessary for
plant safety.

(e) Vest termination criteria will*be established for
parameters such as reactor vessel temperature limits,
containment pressure and temperature, reactor vessel
level, suppression pool temperature, HPCI and RCIC room
temperatures, and CRD temperatures.

The test will be conducted at a convenient point during the first
fuel cycle, with the constraint that adequate decay heat exists
to provide a valid test. Several options are being explored fortest initiation (e.q., turbine trip from 5% power following load
reduction, turbine trip from 85K power, etc.) It is our positionthat the method finally selected vill have little bearing on thetest, since plant performance durinq the initial state of such
transients is adequately tested in startup tests.
The commitments previously made in response to Item T..G.l for
additional testing and training vill be fulfilled, as it is feltthat valuable input will be obtained foi the loss of AC
powertest.

The test may cause certain conditions which are inconsistent with
NRC requirements.- Me therefore vill. provide the NRC vith the
test plan and pertinent documents for review and approval.
Performance of this test is contingent upon a favorable safety
evaluation and obtaininq appropriate commission approvals.

Since the NRC has indicated that they may not require a test at
Susquehanna SES if results from a test at another plant resolvetheir concerns, PPCL ~ s commitment is contingent on a continuing
NRC requirement for this test.
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18 2. 16 REACTOR COOLANT SYSTE~VENTS ~II,B,lg

Requirement superseded by NUREG 0737. Refer to Subsection
18.1.19 for response.

18 2-17 PLANT SHIELDING (II B.2)

Requirement superseded by NUREG 0737. Refer to Subsection
18. 1. 20„ for response.

18 2 18 POSTACCIDENT SAMPLING /II.B 3}

Requirement superseded hy NUREG 0737. Refer to Subsection
18. 1. 21 for re sponse.

18 2,19 TRAINING FOR MITIGATING CORE DAMAGE /II.B.4$

Requirement superseded by NUREG 0737. Refer to Subsection
18. l. 22 for response.

18 2- 20 RELIEF AND SAFETY VALVE TEST REQUIREMENTS /II.D 1$

Requirement superseded by NUREG 0737 Refer to Subsection
18.1.23 for response.

18 2 2$ RELIEF AND SAFETY VALVE POSITION INDICATION /II D.3j

Requirement superseded by NUREG 0737. Refer to Subsection
18. l. 24 for response.

l8 2 22 CONTAINMENT ISOLATION DEPENDABILITY /II.E 4. 2g

Requirement superseded by NUREG 0737. Refer to Subsection
18.1.29 for response.
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18 2 23 ADDITIONAL ACCIDENT NONITOQING INSTgU tipNTATIOH JI'I g- $}

Requirement superseded by NUREG 0737. Refer to Subsection
18.1.30 for response.

18 2 24. INADEQUATE CORg COOLING INSTRUHENTS /II F.2)

Requirement superseded by NUREG 0737. Refer to Subsection
18.1. 31 for response.

18 2.25 ~ ASSURANCE OP PROPER ESF FUNCTIONING /II.K.1.5$

18. 2. 25. 1 Statement of Requirement

Review all valve positions, positioning requirements, positive
controls and related test and maintenance procedures to assure
proper ESF functioninq. This requirement shall be met by fuel
load.

18. 2. 25. 2 Interpretation

None required.

18.2.25.3 Statement of Response

Operatinq and surveillance procedures are currently being
developed. Hriting the procedures to reflect ESF requirement is
a key ob jective of procedure oriqinators. Additionally, these
procedures vill receive a review (independent of the originator)
to provide further assurance that the procedure, is technically
correct and provides for accomplishment of procedural objectives
(includinq maintenance of proper sa fety function) .

18 2 26 SAFETY RELATED SVSTEll OPERABILITY STATUS~II. K.l.10)

18.2. 26.1 Statement of Requirement

Review and modify, as required, procedures for removing safety-
related systems from ser vice (and restorinq to service) to assure
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operability status is known. This requirement shall be met by
fuel load.

18 2. 26. 2 Xnteroretation

Hone required.

18. 2. 26. 3 Statement of Response

Surveillance testing will be controlled by administrative
procedure AD-QA-422. This procedure, vhich is currently being
drafted, will require that surveillance implementing procedures
contain a reviev of redundant component operability prior to
removing the system to be tested from service, (if such removal
is required by the test), a review of proper system status prior
to return of the tested system to service, and provide for
notification to Operations of the need for system status changes.

Administrative Procedure AD-QA-306, "System Status and Equipment
Control, » (see Subsection 18. 1 13.3) establishes control of
system status as an operations responsibility and will provide
the same reviews described above during normal operations and
maintenance activities. Maintenance procedures vill only cover
activities while systems and components are removed from service,
the Operations section will actually accomplish changes in system
status as controlled by the described Instruction.

18.2 27 TRIP PRESSURIZER LOW-LEVEL COINCIDENT SIGNAL BISTABLES/II K. 1. 17} 1

This requirement is not applicable to Susquehanna SES.

18 2 28 OPERATOR TRAINING FOR PROMPT MANUAL REACTOR
TRIP /II.K 1 20$

This requirement is not applicable to Susquehanna SES.

18 2 29 AUTOMATIC SAFETY GRADE ANTICIPATORY TRIP /II K. 1. 21$

This requirement. is not applicable to Susquehanna SES.

Rev. 27,'0/81
18 2-12



SS ES-PS AR

18 2 30 AUXILIARYHEAT REMOVAL SYSTEMS OPERATING PROCEDURES/II K 1

18.2 30.1 Statement of Reguggeaent

Describe the automatic and manual actions necessary for proper
functioninq of the auxiliary heat removal systems that are used
when the main feedwater system is not operable. This reguirement
shall be met by fuel load.

18. 2 30 2 - In terpgetat ion

None required.

18. 2. 30 3 Statement of response

A generic response to this reguirement was provided by General
Electric in NEDO-24708, «Additional Information Required for NRC
Staff Generic Report on Boiling Water Reactors," (August, 1979)
and supplement I. A plant specific description is provided
below.

If the main feedwater system is not operable, a reactor scram
will be automatically initiated when reactor water level falls to
Level 3 (540.5 inches above vessel bottom or '178.2 inches above
the top of the active fuel) . The operator can then remote
manually initiate the reactor core isolation cooling system from
the main control room, or the system vill be automatically
initiated when reactor water level decreases to 'Level 2 (489.5
inches above vessel bottom or 127.2 inches above the top of the
active fuel) due to boil-off. At this point, the high pressure
coolant injection system will also automatically start supplying
makeup water to the vessel. These systems vill continue
automatic injection until the reactor water level reaches Level 8
(581..5 inches above vessel bottom or 219.2 inches above top of
the active fuel), at which time the high pressure coolant
injection,turbine and the reactor core isolation cooling turbine
are automatically tripped.
In the nonaccident case, the reactor core isolation cooling
system is utilized to furnish subsequent makeup water two the
reactor pressure vessel. The Reactor core isolation coolinq
system and the hiqh pressure coolant injection system will
restart automatically when the level falls to Level 2 (The
reactor core isolation cooling system is being modified to
automatically restart, see subsection 18.1.50). No manual

Rev. 27, 10/81
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actions are reguired for these systems to restart. Reactor
vessel pressure is regulated by the automatic or remote manual
operation of the main steam relief valves which blow down to the
suppression pool

To remove decay heat, assuminq that the main condenser is not
available, the steam condensinq mode of the residual heat removal
system is initiated by the operator. This involves remote manual
aliqnment of the residual heat removal system valves. If the
steam condensing mode is unavailable for any reason, the main
steam relief valves can be manually actuated from the control
room. Remote manual alignment of the residual heat removal
system into the suppression pool cooling mode is then reguired
for suppression pool heat removal. Makeup water to the vessel isstill supplied by the reactor core isolation coolinq system under
manual c ont rol.
Por the accident case with the reactor pressure vessel at high
pressure, the hiqh pressure coolant injection system is utilized
to automatically provide the required makeup flow. No manual
operations are required since the high pressure coolant injection
system will cycle on and off automatically as water level reaches
Level 2 and Level 8, respectively. If the high pressure coolant
injection system fails under'hese conditions, the operator can
manually depressurize the reactor vessel using the automatic
depressurization system to permit the low pressure emergency core
coolinq systems to provide makeup coolant. Automatic
depressurzation will occur if all of the followinq signals are
present: high drywell pressure 1.69 psig, Level 3 water Level
permissive, level 1 water level (398.5 inches above vessel bottom
or 36.2 inches above the top of the active fuel), pressure in at
least one low pressure in jection system and the run out of a 120
second timer (set at 105 seconds) which starts with the
coincidence of the other four signals.

18 2 31 REACTOR LEVEL INSTRUMENTATION /II K.l.23}

18.2.31. 1 Statement of Requirement

Por boilinq water reactors, describe all uses and types of
reactor vessel level indication for both automatic and manual
initiation of safety systems. Describe other instrumentation
that might qive the operator the same information on plant
status. This requirement shall be met before fuel load

1 8. 2. 31. 2 In te r D'etat ion

None required.

Rev. 27, 10/81
18.2- ) 4



SS ES- FS AR

18. g. 3g. 3 Statement of Response

The response to this requirement was Provided by General Electric
in NEDO-24708, Additional Information Required for NRC Staff
Generic Report on Boiling Mater Reactors," {August 1979) and
Supplement I.

18 2 ~ 32 ~ ~ COMMISSION ORDERS ON BABCOCK AND MILCOX PLANTS /II K 2)

These requirements are not applicable to Susquehanna SES.

18.2. 33 REPORTING REQUIREMENTS FOR SAFETY/RELIEF VALVE
'AILURESOR CHALLQNGQS~II K.3.3)

18. 2. 33. 1 Statement of Requirement

Assure that any failure of a PORV or safety valve to close vill
be reported to the NRC promptly. All challenges to the PORVs or
safety valves should be documented in the annual report. This
requirement shall be met before issuance of a full-power license.

1 8. 2. 33. 2 In te rove ta tion

Prompt reportinq to the NRC consists of notification vithin 24
hours by telephone vith confirmation by telegraph, mailgram orfacsimile transmission, followed hy a written report within 14
days.

The annual operatinq report has been supplanted "by more detailed
Monthly Operatinq Reports. Documentation required to be includedin the'annual report vill be supplied in Monthly Operating
R epor ts.

18.2.33.3 Statement of Resnonse

Subsection 6.9.1.8 of the Technical Specifications vill be
changed to require prompt reporting with vritten foilovup forfailures of main steamline Safety/Relief Valves to reclose afteractuation. Procedure {s) for reporting of Reportable Occurences
are beinq written addressinq Technical Specification
requirem ent s.
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Subsection 6.9.1.9 of the Technical Specifications currently
requires documentation of all challenges to main steamline
Safety/Relief Valves to be included in the Monthly Reactor
Operating Report. Procedure(s) for preparation and submittal of
these monthly reports are being written incorporating this
reporting requirement.

18 2.34 PROPORTIONAL INTEGRAL DER'IVATIVE~ CONTROLLER /II K.3 9g

This requirement is not applicable to Susquehanna SES.

18 2.35 ANTICIPATORY REACTOR TRIP MODIFICATION XII K.3.101

This requirement is not applicable to Susquehanna SES.

18 2 36 POMER OPERATED RELIEF VALVE FAILURE RATE /II K 3,11$ ~

This requirement is not applicable to Susquehanna SES.

18.2 37 ANTICIPATORY REACTOR TRIP ON TURBINE TRIP /II.K.3;12$

This requirement is not applicable to Susquehanna SES.

18 2 38 EMERGENCY PREPAREDNESS-SHORT TERM /III A;l. lg

18. 2. 38.1 Statement of Requirement

Comply with Appendix E, "Emergency Facilities," to 10 CFR Part
50, Regulatory Guide 1.101, "Emergency Planninq for Nuclear Power
Plants," and for the offsite plans, meet essential elements of
NUREG-75/111 (Ref. 28) or have a .favorable finding from PENA.
This requirement shall be met prior to fuel load.

Provide an emergency response plan in substantial compliance with
NUHEG-0654, "Criteria for Preparation and Evaluation of
Radioloqical Emergency Response Plans and Preparedness in Support
of Nuclear Power Plants" (which may be modified as a result of
public comments solicited in early 1980). except that only a
description of and completion schedule for the means for
providinq prompt notification to the population (App. 3), the
staffinq for emergencies in addition to that already required
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(Table B.l),'nd an upgraded meteorological program (App. 2) need
be provided (Ref. 10) . NRC will qive substantial weight findings
on offsite plans in judging the adequacy aqainst NUREG-0654.
Perform an emergency response exercise to test th'e integrated
capability and a major portion of the basic elements existing
vithin emergency preparedness plans and organizations. This
requirement shall be met before issuance of a full-pover license.

18.2. 38. 2 Interoretation

PPSL is interpretinq Emergency Facilities as encompassing those
requirements for TSC, Interim TSC, EOF, Interim EOF, SPDS, OSC as
outlined in draft NUREG 0696 and TNI Action Items in 0737.
Complete Site, State, County, Township and Municipality Emergency
Plans usinq the Guidelines of NUREG-0654 Rev. l. Exercise the
plans to ensure they are. integrated and workable. Comply with
meteorological requirements of NUREG 0654 Appendix 2, Rev. 1

18. 2. 38. 3 Statement of Response

Emergency facility design criteria vas submitted to NRC for
review and approval in February 1981. Interim facility use is
defined in the Susquehanna SES Emerqency Plan and complies vith
NUHEG 0737 requirements.

Susquehanna SES Emergency Plan Rev. 2 vas submitted to th'e MRC
10/30/80 complying with 10 CFB 50 Appendix E and General Criteria
of draft NUHEG 0654. Susquehanna SES Emergency Plan Implementing
Procedures vere submitted to the NRC for review in January 1981.
NRC comments have not been received on either submittal.
Susquehanna SES Emergency Plan Rev. 3 complyinq with NRC commentletter and NUHEG 0654 Rev. 1 will be submitted subsequent to
receipt of NRC comments. The Commonwealth of Pennsylvania
Emergency Plan has been submitted to FEHA complying with NUREG
0654 Rev. 1. The County, Township and ttunicipality Plans are
scheduled for submittal to FEMA by 3/16/81.

Susquehanna SES Integrated Emergency Exercise vill be held prior
to fuel .load

Susquehanna SES Emergency Plan, Rev. 3 and the Susquehanna SES
Emerqency Plan Implementing Procedures will meet the requirements
of NU BEG 0654, Appendix 2 and related documents. The
computerized dose projection calculations will be based on a
straiqht-line Gaussian model vith veather and building wake
correction factors included in the methodology. The Emergency
Operations Facility will be provided with the computerized dose

Rev. 27, 10/81 1 8. 2-17
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pro/ection system results in accordance with 'functional
requirements for this facility as specified in draft NUREG 0696.

18 2 39 UPGRADE QMERGENCg SUQPQRT FACILITIES ~IIX A 1 2)

Requirement superseded by NUREG 0737. Refer to Subsection
18.1. 67 for response.

18 2 40 ~ PRIMARY COOLANT SOURCES OUTSIDE CONTAINMENT /IXI-D 1 lg

Requirement superseded by NUREG 0737. Refer to Subsection
18. 1. 69 for response.

18. 2 41 INPL ANT- RADIATION MONITORING /III-D-3.3$

Requirement superseded by NUREG 0737. Refer to Subsection
18. l.70 for re sponse.

18 2 42 CONT ROL ROOM HABITABILITY~III D~3 4g

Requirement superseded by NUREG 0737. Refer to Subsection
18. 1. 71 for response.

Rev. 27, 10/81
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SSES-FSAR

The,.staff's position with regards to post accident monitoring and safe
shutdown display instrumentation is stated in Branch Technical Position
ICSB 23 in Appendix 7A of the NRC Standard Review Plan. State your
conformance or justify your alternatives.

The description contained in Section 7.5.la.4 .2 of the FSAR refers to
Post Accident Tracking in only general statements. Discuss the extent to
which the monitoring devices and safe shutdown equipment will conform to
the position set forth above, and revise the FSAR accordingly. Your
response should identify the channels that are recorded and their
qualification.

RESPONSE:

Post accident monitoring is discussed in PP&L's updated response to TMX
related requirements (PLA-659, N.W.Curtis to B.J. Youngblood dated
3/16/81). "

PPGL has committed (PLA 722, Curtis to Youngblood dated
4/15/81) to performing a comparison of Susquehanna SES instrumentation
with the requirements of Regulatory Guide 1 ~ 97, Rev. 2, and will
provide justification for exceptions during the third quarter of 1981.

23

Rev. 23, 4/81 32.27-1
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Identify the equipment which has been environmentally qualified
by inference from tests done on similar equipment or previous
operating experience and, for each item, provide the basis for
the extrapolation in accordance with the requirements of IREE Std
323"1971.

RESPONSE:

Table 032.28-l identifies all non-NSSS Class lE electrical
equipment which has been environmentally qualified to IREE 323 by
interence from tests done on similar equipment.

Table 032.28-2 identifies all non-NSSS Class lE equipment. which
has been environmentally qualified to IEEE 323 by previous
operating experience.

The qualification documentation for this equipment is presently
located in the Bechtel home office in San Francisco and is
available for NRC audit.

The NSSS equipment information will be provided later.

REV. 12, 9/79 032.28-1
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The seismic qualification of indicators and recorders for post accident
monitoring which is described in FSAR Section 7.5.1a.4.2.3.3 is unacceptable.It is the staff's position that post accident indicators and recorders must
satisfy their minimum performance requirements before and after a seismic
event without adjustments or repair. (The staff acknowledges that these
electro-mechanical devices may not accurately indicate during severe
vibrational excitement). Provide a modified design to conform to the above
position or justify the exception taken.

RESPONSE:

Post accident monitoring is discussed in PP&L's updated response to TMI
related requirements (PLA-659, N.W. Curtis to B.J. Youngblood dated 3/16/Sl).
PPGL has committed (PLA-722, Curtis to Youngblood dated 4/15/81) to performing
a comparison of Susquehanna SES instrumentation with the requirements of
Regulatory Guide 1.97, Rev. 2, and will provide justification for exceptions
during the third quarter of 1981.

Rev. 23, 4/81 032.44-1
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gUESrroN 032. 84

Revise your 2is=ussion of sa.fety/cell f valve dis=harge line
temperature monitoring to "orrectly identify the monitoring
scheme. If the thermo"ouples ace a"tually all connected in
pacallel, provide a discussion of how the open relief valve isidentified.
RESPONSE:

Subsection 7. 6.la.4.3. 7. 2.l has been amended to shoe the
monitoring s=heme for the safety/relief valve dis"harge lin
temperature.

Positive value oositi>n indication monitors vill be addressed in
ouc response to item 2.1. 3. a of NUBE3-0578.

Rev. 17, 9/80 032.84-1
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QSc~<<~-.3,3;3 alQ-

To aid us in our licensing review of Susquehanna, you are
requested to provide the following information to us:

1. Describe those actions being taken by you to preclude the
occurrence 'of cracking such as described in XE Bulletin 80-
07

2. Provide a commitment to adopt whatever long-term solution is
approved.

If you anticipate receiving an Operating License before a
lonq-term solution is agreed upon, describe any short-term
actions which you will take to prevent or detect excessive
crackinq. Provide a rationale as to why these actions aresufficient to justify plant operation until a lonq;term
solution is found.

g~SQOQSg:

l. General Electric (ViED) has undertaken evaluation and testing
of the BWBQ beam design When the results of this study are
completed, we will enumerate those step(s) taken to, preclude
the occurrence of crackinq of the jet pump hold-down beams
such as described in IE Bulletin 80-07.

2. Zt is anticipated that there will be alternative long termsolutions developed and approved. These approved solutionswill be evaluated at the conclusion of current investigativeactivities and a commitment made at that time.
3. If a long term solution is not aqreed upon prior to receiptof an operatinq license, the following short term actionswill be taken to prevent or detect excessive cracking:

A procedure will be insti'tuted to monitor jet pump loopflow/recirculation pump speed ratios daily. A
deviation from the normal range may indicate a problem
wherein individual jet pump performance data will be
used to determine if a problem exists.

b A perf ormance monitoring program will be established to
obtain and periodically update a «normal«operation
data base. Operatinq data will then be compared to the
grata base.,at least weekly to provide an early
indication of potential problems. Calibration checks
of the instrumentation csed in this program will be
performed at least every 18 months or more frequently
should there be a tendency for significant drift over
the 18 month period.

Ce A review of the get pump operability technical
specifications will be performed with the objective of
makinq them more responsive to Operating experience.
The recommended Technical Specification includes daily

Rev. 17, 9/80 112.10-1
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monitorinq of Recirculation Pumps Flov/Speed Ratio and
Jet Pump Loop Flow/Pump Speed Ratio to detect potential
pro blems.

".ev. 17, 9/80 112.-10-2
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QUESTION*211 8

The SRP 5.4.7 states the residual heat removal system (RHRS)
should meet the requirements of General Design Criterion (GDC) 34
of Appendix A to 10 CPR Part 50. The RHR by itself cannot
accomplish th cheat removal functions as require'd by GDC 34. To
comply with the single failure criterion the PSAR describes an
alternate method of achieving cold shutdovn in. Section 15.2.9
Insufficient information is provided to allov an adequate
evaluation of this alternate method. In particular, ve have
recently approved Revision 2 to SRP 5.4.7 (containinq Branch
Technical Position RSB 5-1) which delineates accceptable methods
for meeting the single failure criterion. This Branch Technical
Position reguires testing to demonstrate the expected performanceof the alternate method for achieving cold shutdown. You should
describe plans to meet this requirement. In addition, ve require
that all components of the alternate system be safety grade
(seismic Category I) .

As a result of this requirement, the air supply to the automatic
depressurization system (ADS) valves, including the system
upstream of the accumulators, must be safety grade. This air
supply must be sufficient to account for air consumption
necessary for valve operation plus air loss due to system leakage
over a prolonqed period with loss of,offsite poser.

RESPONSE

As discussed in Subsection 9 3. 1. 5. 1, the gas supply to the ADS
values and the backup qas supply to the ADS accumulators is
safety grade. Codes coverinq the design and construction of
these components are discussed in Subsection 9.3.1.5.1.
All components that are a,part of the alternate shutdown loop
(ECCS pumps and valves, ADS valves, MSIV~ s, etc.) are routinely
tested as required by technical specifications. Testing of thetotal alternate shutdown system would not provide any additional
pertinent information and would result in introducing lover
quality (suppression pool) water into the vessel. Bsed on the
above, we do not,feel that testing of the total loop is necessary
or desirable.

This issue vas tentatively resolved with the NRC on the Shoreham
docket (BQR/4) by an aqreement to test one safety relief valve in
San Jose simulatinq the alternate shutdown condition. The
rationale for acceptance of this plan vas that the SRV is the
only component in the loop vhich has not been demonstrated to be
suitable for alternate shutdovn conditions. This test was
successfully completed in December 1979.

REV 18, 1),/80 211. 8-1
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General Electric in conjunction vith the Three Mile Island'Owners
Group is planning further SRV testing in response to THE related
issues. This testing vill include conditions similar to the
alternate shutdown conditions and vill include a valve of Crosby
Manufacture as is used in the Susquehanna plant. It is expectedthat these tests vill,further confirm that an in-plant test is
not required to demonstrate alternate shutdown conditions
capability.

t

RE V 18, 1 1/80 211 8- 2
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QUESTION 21 1. 68:

The analyses presented to show conformance to the ASME Boiler and
Pressure Vessel Code for overpressure protection references NEDO-
10802 as the analytical model for plant transient evaluation.
General Electric has submitted to the staff an updated analytical
model (ODYN) to evaluate plant transients. Reanalyze the
overpressure sizing transient using the ODYN code unless
assurance can be provided that the NEDO-10802 analysis is
bounding with regard to predicting peak pressure. The analysis
must include the effects of the high pressure recirculation pumptrip (RPT) and the turbine stop valve/control valve closure
recirculation pump trip where applicable. Provide analysis tojustify that the closure of all main steam isolation valves
(MSIV) is the most severe overpressure transient when „considering
the new code, the second safety-grade scram and the effects of
RPT

RESPONSF..

The review of the ODXN code has yet to be completed hy the staff.
Currently, the staff review has not concluded review of the
adeguacy of the margin inherent in the proposed ODYN licensing
basis. Additionally, it appears further review may be necessaryin the area of input parameters. In light of the incomplete
nature of the review it is not prudent to reanalyze with the ODYN
code at this time.

The ODYN/REDY (NEDO-10802) comparisons performed to date have
supported the conservatism of the REDY analysis for this categoryof events. Additionally, the ODYN code has not been shown to
result in any modification of the relative severity of the
pressurization events such that the MSIV closure with flux scramis expected to remain the limiting event.

Consideration of the high pressure trip of the recirculation
pumps has been considered on a generic basis previously. This is
covered in the response to Question 211.4.

Additional discussion of the analytical basis for overpressure
protection analyses is provided in the response to Question
211.4.

Rev. 12, 9/79 211. 68-1
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QDESTXON 211 110:

Correct Figure 1SA.6-31, "Protection Sequences Main Turbine
Trip—Mithout Bypass:"

{1) For the event to occur at (30% power, protection sequences
should be the same as for generator trip without bypass as
shown in Figure 15A.6-30.

{2) Delete HPCI that is connected with incident detection
circuitry.

Also, confirm that subsequent to initial core cooling the
sequence of operations to extended core cooling would be the same
as shown in Figure 15A.6-26, »Protection Sequences for Loss of
Main Condenser Vacuum."

RESPONSE:

The above corrections to Figure 15A.6-31 will be incorporated in
an amendment to the FSAR.

The protection sequence subsequent to initial core cooling to
achieve extended core cooling would be the same as indicated on
Figure 15A.6-26.

Rev. 12, 9/79 2 11 110-1
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QUESTION 211 118:

For the loss of feedwater heating transient in the manual flow
control mode the thermal power monitor (TPN) is used to scram the
reactor. Explain the need for the TPH and provide specific
transients for which this trip singla initiates caram. Discuss
how surveillance testing of the TPH is incorporated in the
station technical specifications.
RESPONSE.

The Susquehanna SES plant does not have the thermal power
monitor, and hence, was not included in the analysis. See
Subsection 15.l.l.3.3 of the FSAR.

REV. ll, 7/79 211 118-1
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For the recirc flow control failure with increasing flow
transient (Section 15.4.5) provide the initial operating MCPR

determined at 65'o NB rated power and 60~a core flow. In addition,
provide the Kf factors as a function of core flow for the
automatic and manual flow control modes of operation.
Furthermore, provide the maximum flow control set point
calibration limit (e.g., 100~a or 105~o of rated flow) for the
recirc loop flow control valves used in the transient analysis.

Provide recirculation pump M-G set points for the manual flow
control mode assumed in the analysis. Also, you reference the GE

topical report NEDO-10802 as the dynamic model to simulate this
event. Since NEDO-10802 does not describe the complete event,
discuss in greater detail the overall method used to calculate
the CPR.

RESPONSE:

The initial operating MCPR at 65~ NB rated power and 60>o core
flow is 1.23, assuming slow runout to 102.5~a of rated flow.

A plot of Kf factors versus core flow is shown on Figure 211.119-
1. Note that the M-G set points for the manual flow control mode
are shown on the figure; because flow control is provided by M-G

sets. there are no flow control values and thus no flow control
set points.

The overall method used to calculate the 8, CPR for recirculation
pump runout is as follows:

1) The hot channel is set on the MCPR safety limit at the pump
runout value (e.g. 102.5~~) on the 105~o steam flow power-flow
line by appropriately changing the radial power
distribution.

2) Using the same power distribution, MCPR's are evaluated all
along the 105< power-flow line.. These MCPR's represent the
limits for each particular off-rated condition. Slow runout
(i.e. steady-state analysis) is assumed in this calculation
since it is conservative with respect to fast runout.

Rev. 14, 2/80 211.119-1
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TABLE 211.125

TRANSIENT ANALYSIS RESULTS~

Reactor
~Cele Transient

Exposure
Point

Peak
.Vessel
Pressure CPR

BWR4
251-764
Evil.
cycle

Load rejection
w/o bypass

Rated EOC

(104.2% power)
1235 .17

(Reduced Feedwater) Extended EOC
Heating (100% power)

1219 0.16

Feedwater
Controller
failure

Rated EOC

(104.2/ power)
1202 0.12

(Reduced Feedwater) Extended EOC
Heating (100/ power)

1060 0.05

* ODYN ANALYSIS RESULTS

Rev. 22, 4/81
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~UESTION 211.139:. -..

The response to question 211.113 does not provide sufficient
detail on non-safety grade equipment and components which
mitigate transients and accidents. Provide a table of the non-
safety grade equipment and components assumed to mitigate
consequences for each transient and accident in,Chapter'l5. Fot
those events where non-safety grade systems are used; provide the
change in consequences or results when taking credit for safety
g ra de equi pme nt onl y.

RESPONSE

The use of non-safety grade equipment for transient analysis is
to be an issue which will be addressed in detail by the Licensing
Reviev Group. To enhance interim evaluation a description of the
role of non-safety grade equipment is included here. Table
211.139-1 highlights transients which utilize non-safety grade
equip me nt.

Xt is important to note that the analysis for each of the
transients in Table 211.139-1 is based on the single-failure
criterion associated with'oderate frequency events (i.e.,
abnormal transients are defined as events which occur as a result
of equipment malfunctions as a result of a single active
component failure or operator error) . Folloving this single
failure, the resulting transient is simulated in a conservative
fashion to show the response of primary sytem variables and hov
the various plant systems would interact and function. In these
transients, the consideration of any additional failures is not
considered appropriate within the realm of the abnormal transient
definition, but shifts them to infrequent events. Although
certain transient events assume the operation of specific non-
safety grade equipment to provide a realistic transient
'signature, failures of such equipment would not make these events
more thermally or pressure limiting than the limiting accidents
already addressed in the FSAR Chapters 5 and 15. In fact, many
of the events which have a level 8 turbine trip (a non-safety
grade trip) would be less severe if the level 8 trip vere assumed
not, to function.

Failure of the relief valve function of the safety-relief system
for any event vill not result in a transient which exceeds the
peak pressure response of the limiting event presented in Chapter
5.0 Failure of the-level 8 turbine trip of failure of the
bypass to open when the level 8 trip does occur were studied for
a BQR similar to the Susquehanna design. The increase in 4 CPR
was about 0.02 for a delay in the turbine trip and 0.08 for
failure of bypass. Although thermal margins are reduced, no
significant (if any) fuel damage is expected. The offsite doses
(if any) would be negligible, and, therefore no impact from a
health and safety vievpoint. The loss of feedwater event is

213..139-1 ..
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analytically about the same with or without the recirculation
runback ahead of the level 2 trip. In summary, the thermal and
pressure safety limits are not compromised by inclusion of the
simulated response of non-safety grade systems.

Table 213..139-1 shows thich non-safety grade systems or
components were assumed to actuate in the FSAR analysis.

Rev. 17, 9/80 211.139-2
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g . 4:
The analysis of transients and accidents in Chapter 15.0 does not state
which,of the RPS time response delays in Table 7.2-5 is used in the REDY
computer code model (NEDO-10802). For each transient and accident in
Chapter 15.0, specify whether the sensor or overall delay time is used in
the analysis and why the specified delay time is conservative.

RESPONSE:

In all Chapter 15 events, the "Maximum Overall Time Delay" of Table 7.2-5
is utilized for each scram encountered and reported in each event scenario.
This allows for maximum specified sensor and logic delays.

Rev. 16, 7/80 211.140-1
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QUESTION 211~75

Por the >failure of RHB shutdown cooling'~ transient, the PSAB
considers alternate shutdown cooling methods in the event the
residual heat removal (RHR) system in the suction line may not be
used because of valve failure. In the analysis, valves in the
automatic depressurization system (ADS) were used to transfer
fluid (steam, water or a combination of these) from the reactor
vessel to the suppression pool The BHR system removes the added
heat by removing cooling water from the suppression pool and
injecting it into the reactor vessel. Me require that you
perform a test or cite previous test results to demonstrate that
the ADS valves can discharge the fluid under the most limiting
conditions when the fluid is all water., Show that the alternate
method is a viable means of shutdown cooling by comparing the
system hydraulic losses with the available pump head. Hydraulic
losses should be provided for each system component and, wherever
possible, should be derived from experimental results.
RESPONSE

Xn response to NUREG 0578, requirement 2.1.2, the BRR Owners
Group has initiated tests to demonstrate the ADS valves are
qualified for a spectrum of conditions. These tests vill include
a low pressure liquid test to simulate alternate shutdownviability of the ADS valves. Valve hydraulic losses will be
determined as a result of those tests. Therefore, system
hydraulic losses can be readily compared to available pump head.
The BWR Owners Group has committed to the NRC to have the tests
completed by July of 1981

,Rev. 16, 7/80 211- 175-1
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IL~l.
Since the initial discovery of cracking in boiling water reactor
(BWR) control rod drive return line (CBDBL) nozzles General
Electric (GE) has proposed a number of solutions to the problem
One solution GE has proposed is a system modification that
involves total removal of the CRDRL and cutting and capping of
the CRDRL nozzle. Xt appears from your response to 211.7 that
SSES plans this modification.
The staff asked for more information on the impact of this
modification on your plant and also required a SSES commitment to
preoperational testing to verify performance of the modified CRD
system in {}uestion 211.43. When you respond to 211.43, you
should address the applicable items and staff concerns specified
in the letter from D. Eisenhut, NRC, to R. Gridley, GE, dated
January 28 ~ 1980, on the subject of control rod drive return line
{CRDRL) removal and capping CRDRL nozzles.

~ESPOMSE.

The referenced letter from D. Eisenhut, NRC, to R. Gridley GE,
dated January 28, 1980, essentially documents the NRC position on
the CRD return line deletion. Pages 3 and 4 of that letter
provide a summary of the NRC conclusions on this subject. In
their final conclusion, 251" BWR/4 plants (such as Susquehanna)
are accepted for return deletion — contingent upon the Utility
performing some demonstration tests LThese tests will be
performed as part of normal performance and preoperational
testing) The second and third conclusions do not pertain to the
Susquehanna design. The fourth conclusion places the
requirements for the installation of the GE recommended pressure
equalizing valves between the cooling water and exhaust water
headers, the installation of flush ports on carbon steel exhaust
water headers and the replacement of any carbon steel pipe in
the flow stablizer loop. Referring to the CRD system PSID
(Figures 4.6-5a and 4.6-5b) for Susquehanna, all these
requirements are met in the GE designed system — redundant
pressure equalizing valves are installed between the cooling
water and exhaust water headers; the exhaust water header is
constructed of stainless steel and therefore does not require
flush ports; and there is no carbon steel pipe in the CRD system
downstream of the main drivewater filters., The fifth NRC
conclusion requires the Utility to develop procedures for
optimizing the CRD system flow to the reactor pressure vessel.
The sixth conclusion is not applicable to the CRD system design
for Susquehanna.

Rev. 17, 9/80 211-192-1
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QUESTZOR 211-228:

The response to Questions 211.13 and 211.105 require additional
clarification. Reference was made. to another BQR/0 with LPCX
modification {Shoreham) and the results of an analysis for LPCZ
diversion at Shoreham was identified as applicable to
Susquehanna. Does, Susquehanna have an . interlock similar to that
at Shoreham which would prevent LPCX diversion prior to
reflooding the reactor coze to the 2/3 level? Xf not, justify
the use of the Shoreham analysis for LPCI diversion at
Susquehanna.

Describe operator requirements to activate LPCX diversion. Can
the diverted LPCI loop be returned to provide additional core
flooding, if required. Mhat instructions, if any, are provided
to the operator to,ensure that the operable LPCX loop is not
prematurely diverted to containment cooling in the event that one
LPCI loop is disabled?

RESPONSE=

The Susquehanna Plant, unlike the Shoreham Plant has no level
interlock on the LPCI diversion logic. However, for the Shoreham
LPCX diversion analysis no credit was taken for the level
interlock device. Xn that analysis LPCX diversion was always
assumed to occur at 10 minutes subsequent to the LOCA initiation
signals. Both Susquehanna and Shoreham are BRR/0 p1ants with
LPCX modif ication and thus have the same complement of ECC
systems. Therefore, the Shoreham LPCX diversion analysis results
are representative of the expected results for Susquehanna.

Before the LPCI flow can be diverted to either the pool cooling
mode or containment spray (wetwell/drywell) mode, the operator
has to close the LPCI throttling valve {F017) and then initiate
the "manual" switch of the desired diversion mode and open the
appropriate valve.

Tn order to return the diverted LPCI loop to provide additional
core flooding, the operator merely needs to close the diversion
valve, and manually open the LPCI throttling valve.

Instructions to the operator ensuring that the LPCI flow is not
prematurely diverted to the other modes are contained in the
"Emergency Procedures Guidelines" currently being written by
General Electric for the utilities. Extracts of the guidelines
pertinent to LPCI diversion are given below:

do not secure an ECCS unless there are at least two
independent indications that adequate core cooling is
assured.

Rev. 17, 9/80 211. 228-1
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do not divert RBR pumps from the LPCI mode unless adequate
core cooling is assured.

In addition, the Operation and Maintenance Instructions for the
RHR system specifies that when the water level in the reactor has
been restored to the two-thirds level, and if the drywell
pressure has increased to at least 2 psig, only then can the
operator make use of the containment spray/cooling operation to
depressurize the drywell and/or cool the suppression pool water.

There are no interlo'cks on the LPCI other than those described.
above that would prevent the operator from diverting LPCI to
drywell or containment sprays. However, in the short term
following a loss-of-coolant accident, the operators primary
concern will be assuring adequate inventory in the core. In
addition, from FSAR Tables 6.2-1 and 6.2-5 and Figure 6.2-2, it
is seen that the peak containment pressure for the recirculation
line break is well below the design limit with no credit for
containment sprays. Consequently, there would be no reason for
the operator to divert LPCI to containment spray, since no
violation of containment design pressure lj.mits would occur
any wa y.

Rev. 17, 9/80 211 228-2
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QUQSTI~O ~ ~11 ~272

It is indicated that the "pressure regulator-closed» transient
with, failure of the backup pressure regulator is less severe than
the "turbine trip with bypass" transient in Section 15.2.3. This
agrees with GESSAR 238. As a result, only a qualitative
evaluation of the transient was provided. However, quantitative
results from the Grand Gulf FSAR indicate the opposite. Thestaff's concern is that quantitative results for this transient
may be similar to those for Grand Gulf. Provide a quantitative
analysis of the»pressure regulator-closed» transient with the
ODYN mode assuming failure of the backup pressure regulator- and
revise Section 15.2.1.2.3 accordingly. This reguest should be
coordinated with the ODYN request via the 211.160 question.

RESPONSE

This transient vill be included in the ODYN reanalysis for
Susquehanna.

Rev. 18, 11/80 21 1 272-1
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QUESTION 331 2:

Section 12.3.4 of Regulatory Guide 1.70, Revision 2 calls for
information on the sensitivity of airborne radioactivity
monitoring systems.

Describe how your continuous airborne readioactivity systems will
provide adequate coverage of general areas, rooms, and corridors
which have a possibility of containing airborne radioactivity and
which may be occupied by personnel. In order to provide adequate
coverage, the systems must be capable of detecting ten MPC -hours
of airborne particulate and iodine radioactivity.
RES PONS E:

The combination of the airborne radioactivity monitoring system
in conjunction with administrative controls restricting and
limiting personnel access, standard health physics practices,
ventilation flow patterns throughout the plant, plant equipment
layout, lack of significant radioactive airborne sources in
normally occupied areas (radiation zones I and XI), and
administrative control of access into applicable radiation and
high radiation areas is sufficient to ensure that airborne
radioactivity levels are safe in terms of the required duration
of personnel access. A general review of these concepts follows:

a Significant releases of airborne radioactive materials within
the plant will be detected by effluent monitors as described
in Table 11.5-1 in Section 11.5 of the FSAR. Air flow
patterns are normally from occupied areas to non-occupied
areas and from low airborne radioactive material areas to
high airborne radioactive material areas. Readouts and
alarms are located locally and in the control room.

b. Additional Continuous Air Monitors (CAMS) with local readout
and alarm w.ill normally be located in the following areas:

818~ elevation — Reactor Building/central
749'levation — Reactor Building/outside RRCU pump room

719 'levation Reactor Building/outside personnel access
hatch to drywell

676 ~ elevation

676'levation
729~ elevation
729'levation

Rad Maste Building/outside control room

Turbine Building/near reactor feed pumps

Reactor Building Control Room

Turbine Deck/outside control structure

Rev. 9 5/79 33 1 & 2 1
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The particulate and iodine channels shall be capable of
detecting at least 4 x 10-«pci/cc and 5 x 10~~ pci/cc
respectively.

c. Administrative controls for limiting exposure to airborne
radioactivity concentrations greater than 10 MPC-HRS. are as
follows:

2 0

Routine airborne radioactivity surveys of various
accessible radiation zones within the plant. The
routine monitoring schedule and frequency vill be
delineated in Station Health Physics Procedures. These
locations may be modified with consideration of plant
o per a t ing st a tus.

Access to airborne radioactivity areas with
concentrations greater than 25% of the applicable MPC
and/or M.PC mixture will normally be controlled via a
Radiation Pork Permit {RWP). Entry into and/or work in
the area will be preceded by a survey sufficient to
determine the radiological conditions present and
protection for these conditions will be specified on the
RMP

3 0 Access to areas where the potential for high radioactive
airborne concentration exist due to work conditions
shall be controlled via the RWP process.

Rev. 9 5/79 331' 2 2
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QUESTION 331 7

Provide a breakdown of the activities which are included in thetotal 237.7 man-rem/unit for routine maintenance. Regulatory
Guide 8.19, «Occupational Radiation Dose Assessment in T.ight
Mater Reactor Plants Design Stage San-Rem Estimates," which has
been published for. comment will provide further guidance.

RESPONSE

The method used to estimate the routine maintenance dose for
Susquehanna is discussed in revised Subsection 12.Q. 1.3.2.

Rev. 9 5/79 3 3 1 ~ 7 1
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QUESTIOH 331.11.

SSES-FSAR

You have not described an in-plant accident radiation andairborne radioactivity monitoring system as re uired
standard review plan.

It xs our position that the in-plant accident radiation and
airborne radioactivity monitoring systems should provide
personnel with the capability to assess th d ts e ra matron hazard in
areas whz.ch may need to be accessed durin thuring e course of an

e accident monitoring systems may include the normal
area radiation monitors, airborne radioactivity monitors, andportable radiation monitoring equipment. The accident monitorin
systems should have a usable range which includes the maximumcalculated accident levels, and they should be designed to
Describe
operate properly in the environment caused b th

your accident monitoring systems, and describe how our
systems will meet this position.

escrow. e ow your

RESPONSE:

The response to this question will be included in Pennsylvania
Power 6 Light Company's'response to NUREG-0578.

Rev. 17, 9/80 331.11-1
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QUESTION 331 14:

Provide results of design review for additional shielding
required to provide access to vital areas and protect safety
equipment after a core degradation accident.

RESPONSE.

At the present time, a study on the requirements for additional
shielding to provide access to vital areas and protect safety
equipment after a core degradation accident is being performed.
The results of this study will be part of Pennsylvaia Power and
Light Company's response to NUREG-0578.

Rev. 17, 9/80 331.14-1





SSES-PSAR

QUESTION 331-15.

Provide a description of the radiation protection features
incorporated in the. system for sampling and analyzing reactor
coolant and containment atmosphere after a core degradation
accident.

RESPONSE

The system for sampling and analyzing reactor coolant and
containment, atmosphere after a core degradation accident is being
designed. This system vill be discussed in Pennsylvania Poser 8Light Company's response to NUREG-0578.

Rev. 17, 9/80 331.15-1





SSES-FSAR

estion 331.16

Table 13.1-2 of your FSAR states that you will fillthe position
of Health Physics Supervisor 90 days prior to fuel loading. In
Section 12.5.1.4 your have committed that the individual filling
the Health Physics Supervisor will meet the criteria for
Radiation Protection Manager in Regulatory Guide 1.8. Your
technical specifications will also require such qualifications.
You should provide a resume of the education, training, and
experience of the individual selected to fillthis position as
soon as it is available.

~Res oese:

The resume of the acting Health Physics Supervisor is provided in
Table 331.16-1. The qualifications of this individual satisfy thecriteria for Radiation Protection Manager in Regulatory Guide 1.8.
The position of Health Physics Supervisor will be filled 90 daysprior to fuel load.

Rev. 23, 6/81 33l.l6-l
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SSES-PSAB

QUBSTXON 371 6

Hov do you intend to comply sith the regulation?

Pill th
flow? Hov ofte

e plant have to be shut dovn durin 1
o en wall the UHS pond have to be used tog os raver

comply with the regulation?
(b)

Dl.scuss the implications of the September 30 1976r amendment to
that requires compensation for water withdrawn

from the Susquehanna River during periods of low flow

(a)

RESPONSE

p y xth the 9/30/76 amendment to 18The applicant intends to corn 1 si
from a

y either supplying replacement water to the river
rom an augmentation reservoir or purchasin au

from another source durin T. f-.
aszng augmentation water

ce urging Tow flow conditions. The ap licant h
pursued both alternatives since 1974 hose

p an as

t ot b 1 blavax a e in either case in 1981 for Unit 1

The applicant filed a formal re uest v
Corps of Engineers to

request vxth the Baltimore District,
Cowaneaque Reservoir.

ngxneers, to purchase water supply storage thein e

The Corps of Engineers has subsequently received a
River Basin Commission (SRBC concurren

t f he or t e Corps to make a stud t
acc tabil'ty of th t.
The applicant, as a backup, is pre rin ap pa g o po

o e ead review agency deta ilin the
environmental analysis for the Pond Hill

Xf neither of the options becomes avaI s available and there are periods

oth t Bl d
ov an ve are not able to rovide

a e means and are required to shut down then the

three cases cited above and the subse ue
ns e ai s the

factor should th e water not be available
e su sequent reduction of capacity

The USGS has estimated the Q7-10 at Milkes-Ba
lo t'o h raver floss have been measured) to b

CFS. Average consumptive use of. the Susquehanna SES
which makes the Susquehanna SES 1 fla ow ow criterion 820CFS.

is 50CFS

nalysxs of historical river (1905-1975 ) flov data based on ay, 1978 sho s tha -the ri r vill be b low
) rate an average of four (4) days per year

.Further statistical analysis shovs the maxim
b — (96) ays vith a frequency of occurrence of once

REV. 1 8/78 371.6-1



SSES-FSAR

in 158 years. The particular low flow duration that has a
freguency of once in 30 years {approximate plant life) is twenty-
eight (28) days.

The Ultimate Heat Sink (UHS) will not be used to comply with this
regu lation.

+Reference: Availability of Susquehanna River Plow, TAMS May 26,
1978

REV. 1 8/78 371.6-2



SS ES-FS AR

QUESTION 422. 3:

Please provide the qualifications of the person filling the
position of Quality Supervisor.

RESPONSE

As described in Subsection 17. 2. 1. 1. 1. 4. 1. 1, the Quality
Supervisor meets the requirements set forth in Section 4. 4. 5 of
ANSI/ANS 3. 1-1978

The resume of the Susquehanna Quality Supervisor has been
provided in Table 13. 1-4.

Rev. 12, 9/79 422. 3-1
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