HAL B. TUCKER

VICE FRESIDENT

NUCLE ™ PRODUOTION

Duke POweER COMPANY
P.O. BOX 33189
CHARLOTTE, N.C, 28242

TELEPHONE
(704) 373-4831

June 25, 1984

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commiission
Washington, D. C. 20555

Attention:

Ms. E. G. Adensam, Chief

Licensing Branch No. 4

Re: Catawba Nuclear Station
Docket Nos. 50-413 and 50-414

Dear Mr. Denton:

On or about June 27, 1984, Duke Power Company will file Revision 11 to the
Catawba FSAR. This revision will include changes that resulted from a recent
meeting with the Staff on preoperational testing and Technical Specifications.
In addition to miscellaneous updates, Revision 11 will also include:

1

Response to SER Confirmatory Item 17 (Section 3.6.2.4.3 and

Table 6.2.4-1)

w ~n
' '

Updated resumés for plant personnel (Table 13.1.3-1)

Previously submitted revisions to preoperational testing (Section 14.2),

Annulus Ventilation System (Sections 6.2, 9.4, 15.0, 15.4 and 15.6),
Boron Dilution Analysis (Section 15.4.6) and Post-Accident Sampling
(Question 281.9)

s
'

a)
b)
c)
d)
e)
f)
9)
h)
i)
i)

Updated system descriptions

ECCS (Section 6.3)

Nuclear Service Water (Section 9.2.1)
Component Cooling (Section 9.2.2)

Nuclear Sampling System (Section 9.3.2.2.1)
Chemical and Volume Control (Section 9.3.4)
Control Area Ventilation (Section 9.4.1)
Containment Purge Ventilation (Section 9.4.5)
Condensate and Feedwater (Section 10.4.7)
Steam Generator Blowdown (Section 10.4.8)
Auxiliary Feedwater (Section 10.4.9) .
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Mr. Harold R. Denton, Director
June 25, 1984
Page 2

The attached revised FSAR pages are being transmitted prior to the filing
of the formal amendment in order to allow the Staff additional time for review.

Very truly yours,

mj‘hl ES:1GNﬂhle|_.-

Hal B. Tucker
ROS/php
Attachment

cc: (w/o attachment)
Mr. James P. O'Reilly, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323

NRC Resident Inspector
Catawba Nuclear Station

Robert Guild, Esq.
Attorney-at-Law

P. 0. Box 12097

Charleston, South Carolina 29412

Palmetto Alliance
21354 Devine Street
Columbia, South Carolina 29205

Mr. Jesse L. Riley

Carolina Environmental Study Group
854 Henley Place

Charlotte, North Carolina 28207
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1.7 DRAWINGS AND OTHER DETAILED INFORMATION
1.7.1 ELECTRICAL INSTRUMENTATION AND CONTROL DRAWINGS

A1l safety related electrical instrumentation and control drawings for
the Catawba Nuclear Station are listed in Table 1.7.1-1. These draw-
ings are provided under separate cover in the Catawba Electrical
Schematics books.

These drawings are submitted for initial review of the FSAR and have
not been updated to reflect subsequent changes in plant design.

Figure 1.7.1-1 provides the symbols used in the electrical instrumenta-
tion and control drawings.

1.7.2 PIPING AND INSTRUMENTATION DIAGRAMS

Two large-scale copies of each piping and instrumentation diagram included
in the Catawba FSAR have been provided to the NRC. Table 1.7.2-1 lists
each diagram and provides a cross-reference between the drawing number and
the FSAR figure number.

Figures 1.7.2-1 through 1.7.2-3 provide the symbols and abbreviations
used in the piping and instrumentation diagrams.

1.7-1 Rev. 11



Table 1.8~1 (Page 11)
Regulatory Guides

1.0 General

A1l austenitic stainless steel welding shall conform to the fabrica-
tion requirements of the cortractual American Society of Mechanical
Engineers, Boiler and Pressure Vessel Code, Section III, and to the
Duke Power Company Quality Assurance Program. All new welding pro-
cedures and welding procedure qualifications shall conform to the
requirements of the latest edition of the ASME, Boiler and Pressure
Vessel Code, Section IX. Requirements other than those stated herein
shall not be considered mandatory.

2.0 Welding Filler Material

2.1 A1l bare welding filler material, including consumable inserts, shall
meet the reguirements of ASME/SFA 5.9 including applicable addendum
and shall contain delta ferrite content of 5 to 20%.

A1l coated products and submerged arc electrodes shall meet the appli-
cable ASME/SFA requirements and shall contain delta ferrite content of
5 to 20%. Delta ferrite determinations for SFA 5.4 type 16-8-2 weld
metal or for filler metal used for weld metal cladding are not required.

2.2 Each heat and lot of filler material shall be verified for delta fer-
rite content. Delta ferrite determinations for consumable inserts,
electrodes, rod or wire filler metal used with the gas tungsten arc
welding process, and deposits made with the plasma arc welding process
shall be predicted from their chemical composition using an applicable
constitutional diagram to demonstrate compliance. Delta ferrite deter-
mination shal! be made for all other processes using an applicable con-
stitutional diagram with the weld metal chemical composition taken from
an undiluted weld deposit. For the submerged arc welding process, a
ferrite determination shall be made for each electrode and flux combina-
tion. The delta ferrite content of the weld deposit pad shall be in the
range of 5 to 20%.

2.3 A certified chemical test report shall accompany each Heat or Lot of
material and shall be verified to meet the above requirements prior
to issuance of the material for welding. This documentation shall be
retained at the job site.

3.0 Traceability
3.1 For ASME Section III Class 1, 2, and 3 welds; each Lot and Heat of filler

material shall be readily identifiable and traceable to the specific joint
for which it was used, by actual field documentation.

Rev. 11




Table 1.8-1 (Page 12)
Regulatory Guides

4.0 Welding Procedure

Specific welding procedures shall be identified for each joint to be
welded. The interpass temperature shall be restricted to 350°F maxi-
mum to control sensitization.

5.0 Inspaction Welds

5.1 A1l welds shall be visually inspected for cracks and other unacceptable
defects.

5.2 A1l ASME Section III Class 1 circumferential butt welds (excluding welds
1 inch NPS and less) shall be inspected by radiography and the liquid
penetrant method. A1l ASME Section III Class 2 circumferential butt welds
(greater than 1 inch NPS) shall be inspected by radiography. A1l ASME
Section III Class 3 circumferential butt welds (greater than 4 inches NPS)
shall be inspected by the liguid penetrant method. A1)l nondestructive
examinations shall be performed in the manner required by the ASME Code.
Microfissuring of the magnitude considered to be detrimental to the struc-
tural integrity of weldments will be within the sensitivity levels of the
NDE methods empioyed, and shall be rejected and treated as similar types
of defects in accordance with the ASME Code's acceptance criteria.

5.3 Other "in process" weld inspections shall be performed (such as veri-
fication of welding procedure parameters, welder qualification, joint
identification, etc.) in accordance with ASME Section III and Section
IX Code requirements and additional requirements of the Duke Power
Company Construction Department Quality Assurance Procedures.

Regulatory Guide 1.32

Criteria for Safety-Related Electric Power Systems from Nuclear Power Plants
(Safety Guide 32, 8/72).

Discussion

The design of the Class 1lE onsite power systems complies with the recom-
mendations of Regulatory Guide 1.32 as discussed in Section 6.3.1.2.5 and
8.3.2.2.4.

Regulatory Guide 1.33

Quality Assurance Program Requirements (Operatio:) (Revision 2, 2/78).
Discussion

The quality assurance program for Catawba complies with the requirements of
Regulatory Guide 1.33 as discussed in Section 13.5.1.° anu Chapter 17.

Rev. 11



Table 1.9-1 (Page 3)

Response to TMI Concerns

their correct position. These procedures require verification of the operability
of a redundant system prior to the removal of any safety-related system from ser-
vice, verification of the operability of all safety-related systems when they are
returned to service, and notification of and action by the Shift Supervisor and
reactor operators whenever any safety-related system is remcved from or returned
to service. Formal checklists are used to provide assurance that all valves in
these safety-related systems are properly aligned. These procedures also require
independent verification of proper valve alignment and source of power to those
valves that are important to safety in safety-related systems.

A removal and restoration procedure governs the repositioning of valves in safety-
related systems following maintenance activities or other non-normal activities
which require valve movement. A formal checklist provides assurance that the
repositioned safety-related valves are properly aligned following these activi-
ties. This procedure also reguires independent verification of proper valve
alignment and source of power to those valves that are important to safety in
safety-related systems.

Notification of and action by the Shift Supervisor and reactor operators when-
ever any safety-related system is removed from or returned to service is ac-
complished by the use of red tags and the red tag logbook, white tags and the
white tag logbook, out of service stickers, and the 1.47 bypass panel. Log
ntries denoting the removal and restoration are made in the Reactor Operator's
Log. All of the above documents ars reviewed during shift turnovers as required
by the turnover procedure.

1.C.7 NSSS VENDOR REVIEW OF PROCEDURES
See Sections 13.5 and 14.2.3.2.

I.C.8 PILOT MONITORING OF SELECTED EMERGENCY PROCEDURES FOR NEAR-TERM
OPERATING LICENSE APPLICANTS

Station emergency procedures will be available for review by the NRC as des-
cribed in Section 13.5.

[.D.1 CONTROL ROOM DESIGN

A description and results of the control room review were provided in the
document "Response to Supplement 1 to NUREG-0737" which was submitted on
April 14, 1983 by letter from H. B. Tucker to H. R. Denton.

[.G.1 TRAINING DURING LOW-POWER TESTING

See Table 14.2.12-2, Natural Circulation Verification Test abstract.
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Table 1.9-1 (Page 13)

Response to TMI Concerns

The Catawba Work Request Program governs all maintenance activities performed
at Catawba. These work requests describe the maintenance to be performed and
the procedures for performing it. Upon completion of the maintenance all work
requests are entered into the corporate computer. This program provides for
portable historical records of all maintenance performed on safety-related
systems.

€.1.17

The design of Catawba Nuclear Station does not feature safety injection in-
itiation on coincident pressurizer level and pressure signals. Safety injection
is initiated whenever the low pressurizer pressure trip setpoint is reached in-
dependent of pressurizer level (See Section 7.3).

T1.K.2 COMMISSION ORDERS ON B&W PLANTS

I1.K.2.13 THERMAL MECHANICAL REPORT - EFFECT OF HIGH-PRESSURE INJECTION ON
VESSEL INTEGRITY FOR SMALL-BREAK LOSS-OF-COOLANT ACCIDENT WITH NO
AUXILIARY FEEDWATER

WCAP-10019 which addresses the NRC requirements of detailed analysis of the
thermal-mechanical conditions in the reactor vessel during recovery from
small breaks with an extended loss of all feedwater was submitted to the NRC
on December 30, 1981 (0G-66). This WCAP was developed under the sponorship
of the Westinghouse Owners Group (WOG). On March 23, 1982 WOG letter 0G-68
was submitted to the NRC which described the additional effort underway to
resolve NRC comments and questions concerning WCAP-10019. Results of the
program to date show that operating plants can withstand the limiting tran-
sients for the expected life of their vessels. Since WCAP-10019 only ad-
dresses operating plants, an additional effort is underway to address NTOL
plants.

I1.K.2.17 POTENTIAL FOR VOIDING IN THE REACTOR COOLANT SYSTEM DURING TRANSIENTS

wWestinghouse (in support of tiie Westinghouse Owners Group) has performed

a study which addresses the potential for void formation in Westinghouse
designed nuclear steam supply systems during natural circulation cooldown/
depressurization transients. This study has been submitted to the NRC by
the Westinghouse Owners Group (Letter 0G-57, dated April 20, 1981, R. W.
Jurgensen (Chairman, Westinghouse Owners Group) to P.S. Check (NRC)) and
is applicable to Catawba Nuclear Station.

In addition, the Westinghouse Owners Group has developed a natural circula-
tion cooldown guideline that takes the results of the study into account
so as to preclu~e void formation in the upper head region during natural
circulation cooldown/depressurization transients, and specifies those con-
ditions under which upper head voiding may occur. These Westinghouse Owners
Group generic guidelines have been submitted to the NRC (Letter 0G-64, dated
November 30, 1981, R. W. Jurgensen (Chairman, Westinghouse Owners Group) to
D. G. Eisenhut (NRC)). . The generic guidance developed by the Westinghouse
Owners Group (augmented as appropriate with plant specific considerations)
will be utilized in the implementation of Catawba plant specific operating
procedures.
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REFERENCE ITEM L

Table 1.9-3 (Page 6)

Reactor Vessel Level Instrumentation System

5. ESE-50C RVLIS-86 Microprocessor
6. ESE-53 Plant Safety Monitoring System
Electronics

IMPLEMENTATION SCHEDULE

REFERENCE ITEM M

The RVLIS will be installed prior to fuel load. It will
become fully operational after Phase II work is completed
by Westinghouse. This will be before initial
criticality. The Phase II work (i.e., final calibration)
cannot be performed without actual flow data being taken
with pumps running and full core in place.

ICC OPERATING PROCEDURES

Duke Power plans to upgrade the Catawba emergency
operating procedures based upon the Emergency Response
Guidelines (ERG) developed by the Westinghouse Owners
Group. The RVLIS will be incorporated into procedures
according to these guidelines.

Rev. 11
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2.3.3 'OPULATION DISTRIBUTION

Population within 50 mi (80.4 km) of Catawba is based on the 1970 census.
Population distributions for 1980, 1981 (initial expected year of plant
startup), and by decade to 2020 are based on projections made by the United
States Department of Commerce, Bureau of Economic Analysis (Reference 1 and 2).
Though 2021 is the year of expected end of plant life, the year 2020 is used
for end of plant life population distribution.

The disaggregation of the 1970 census county subdivisions into each radial
sector is based on road densities, population accumulations, land usage, and
general area information. The population distribution within 5 mi (8 km) of the
site is based on an actual house count performed in 1371. The distribution of
the projected populations is based on the ratio of the distributed 1970 popula-
tions within each radial sector to the total county population. An additional
house count within 5 mi (8 km) of the site made in December 1977, is used to
establish an adjusted distribution within Mecklenburg County, North Carolina
and York County, South Carolina. The December 1977 population within 5 miles

(8 km) is shown on Table 2.1.3.-1.

1.1 Population Within 10 Miles

Figure 2.1.3-1 identifies places of significant population groupings within 10
mi (16.1 km) of the station. Table 2.1.3-2 gives 1970 population distribution
within ten miles. Projected population distributions by census decade (1980
through 2020) and for 1981 are shown on Tables 2.1.3-3 through 2.1.3-8.

- M Population Between 10 and 50 Miles

Places of significant ponulation groupings in the area from 10 mi (16.1 km) to
50 mi (80.5 km) of the station are shown on Figure 2.1.3-2. Tables 2.1.3-9
through 2.1.3-15 detail the 1970 and projected population distributions.

2ed.d:3 Transient Population

Transient population within 5 mi (8 km) of Catawba Nuclear Station is pri-
marily recreational on and along the shores of Lake Wylie. Industrial facili-
ties in the northeastern guadrant and in the southeastern quadrant are the

major sources of transient population between 5 and 10 mi (8 to 16.1 km).
Carowinds Theme Park, located approximately 8 mi (12.8 km) to the east-northeast,
is the largest recreational area within 50 mi (80.5 km) of the site. Carowinds
expected attendance in 1978 is 1,150,000 with a daily average attendance of
11,058. The projected increase in attendance to the year 2020 is insignificant
(Reference 3).

Tables 2.1.3-16 and 2.1.3-17 show 1977 seasonal and average daily recreational
transient population distribution within 10 mi (16.1 km) of the station. Table
2.1.3-18 shows the daily industrial transient population distribution within
10 mi (16.1 km) of the site.

No large industries or businesses to provide job opportunities are located
within 5 mi (8 km) of the site. A reduction of daily population in the vicinity
of the station due to workers commuting to population centers where job oppor-
tunities exist is expected.

2.1-3 Rev. 11
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21.3.4 Low Population Zone

The nearest boundary of Rock Hill, the closest population center, is located
5.8 miles (9.3 km) south-southeast of the site.

Due to the relatively low population density in the vicinity of the site and
the size of Rock Hill, the Low Population Zone is an area extending from the
Reactor Building's centerlines to a radius of 20,000 feet (6096 m). The Low
Population Zone distance is well within the limits qf Section 100.11(a) of
10 CFR Part 100.

Figures 2.1.3-3 and 2.1.3-4 show the topographic features and the transporta-
tion routes and facilities, including all industries and institutions within
the Low Population Zone and to a distance of 5 mi (8 km). There are no prisons
or hospitals within 5 mi (8 km) of the station.

Current and projected permanent population distributions by sector and 1 mi
(1.6 km) radii to 5 mi (2 km) are shown on Tables 2.1.3-1 through 2.1.3-8.
The seasonal recreational transient population and daily industrial transient
population for each sector to 5 miles (8 km) are shown on Tables 2.1.3-16 and
2.1.3-18 respectively. The peak daily transient population distribution
within 5 mi (8 km) of the site is shown on Table «.1.3-19.

The annual, seasonal, and peak day attendance, and location of recreational
areas and facilities within 5 mi (8 km) are shown on Table 2.1.3-20. The
daily attendance and location of the two schools and two industries within 5
mi (8 km) of the site are listed on Table 2.1.3-21.

2.1.3.5 Population Center

The nearest population center, as defined in 10 CFR Part 100 is Rock Hill,
South Carolina with a 1970 population of 33,846 and a population density of
approximately 2380 people per square mile. The city of Rock Hill deminates

the 5 to 10 mile south-southeast sector. The 1970 population density for the

5 to 10 mile south-southeast sector is 2087 people per square mile. There are
no populaticn groupings, including transient population, nearer the site having
population distributions or densities higher than those in the 5 to 10 mile
south-southeast sector. Of the adjacent 4 to 5 mile sectors, the south-southeast
sector has the highest population density with 265 people per square mile.
Therefore, the political boundary of Rock Hill, 5.8 mi (9.3 km) south-southeast
of the Reactor Building's centerlines, is the nearest population center. Fig-
ure 2.1.3-5 shows population centers within 100 miles of the site.

e dvde B Population Density

Figure 2.1.3-6 compares the cumulative projected population distributions with-
in 50 mi (80.5 km) for the year of initial expected plant startup (1981) with

a constant population density of 500 people per square mile. Figure 2.1.3-7 is
a comparison of the cumulative projected population distribution within 50 mi
(80.5 km) for the year 2020 (end of plant life is 2021) with a constant popula-
tion density of 1000 people per square mile.
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Table 2.1.3-4
1981 Projected Population Distribution

(Initial Exgggted Year of Plant Start-up)
! es (0-16.1 km)

1-2
MILES

0-1
MILE

 of
MILES

3-4
MILES

4-5

SECTOR MILES

1 56 55 912 420

NNE 6 42 427 302

NE 0 51

55

103 125

3

112

173

27 333

114

817 119

751 416

SSE 3 31 303 414 717 31,383 32,851

S 20 30 111 303 405 2,830 3,699
SSW 10 50 212 263 318 702 1,585
SW 9 15 76 61 101 327 589
WSW 0 17 a7 a4 50 1,284 1,442
W 3 23 3 69 90 715 903
WNW 0 79 24 79 89 3,640 3,911

81 29 14 253 326 733
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Table 2.1.3-11

| s eyttt
- es (0-80.4 km)
0-10 10-20 20-30 30-40 40-50

SECTOR MILES MILES MILES MILES MILES TOTAL
N 1,724 31,598 12,796 10,199 26,295 8z 612
NNE 1,875 31,713 21,882 21,578 16,955 94,003
NE 4,295 113,691 79,296 60,903 23,350 281,535
ENE 1,250 116,351 40,773 7,584 13,592 179,550
E 1,021 4,260 26,165 14,082 8,669 54,197
ESE 8,416 2,770 9,388 9,300 8,157 38,031
SE 8,337 4,112 21,826 10,688 7,095 52,058
SSE 32,851 5,744 5,722 8,319 1,326 53,962
S 3,699 3,876 2,740 2,602 5,783 18,700
SSW 1,555 1,305 15,189 2,027 2,868 22,944
SW 589 1,092 2,288 17,641 7,784 29,394
WSW 1,442 6,903 2,772 6,091 23,197 40,405
W 903 3,102 5,810 28,273 81,063 119,151
WNW 3,911 4,311 18,217 38,571 27,834 92,844
NW 733 13,645 22,566 12,956 9,029 58,929
NNW 1,016 93,921 17,835 27,748 50,642 191,162
TOTAL 73,617 438,394 305,265 278,562 313,639 1,409,477




Table 3.2.2-2 (Page 1)
Summary of Criteria - Mechanical System Component:
(2) (3 (4) (5) (6) 7N (8) (9)
Seismic Tornado
Component or System Scope Satety Class Code QA Reqd. Location Rad. Source OBE DBE Wind Missile
Standby Shutdown Diesel System

Pumps

Valves

Auxiliary Steam System

Valves (Note 22)
Steam Generator Blowdown System

Steam Generator Blowdown [ank

Steam Generator Blowdown Pump

Steam Generator Blowdown
Recovery HX

Steam Generator Blowdown
Demineralizers

Valves

Steam Generator Blowdown
Demineralizer Prefilters

122 03

Steam Generator Wet Layup Recirculation

Isolation Valves (CA System)
Isolation Valves (BB System)

’N

Auxiliary feedwater System

Auxiliary feedwater Pumps (Metor
Driven)

Aux. Feedwater Pumps (Turbine Driven)

Aux. FDWP Turt. Lube 0il Cooler

Valves

g2 EER
B3

SUNUHU

feedvater System
Valves

Condensate System

Valves (Note 22)

Condensate Storage System

Valves (Note 22)




MEB
Q103

MEB
Q108

3.6.2.4.3 Residual Heat Removal Recirculation Line Penetration

Residual neat removal recirculation line penetrations are of the cold-
penetration type. (See Figure 3.6.2-6)

Design requirements for these penetrations are as follow:

a) The recirculation line is an extension of Containment up through the
first valve.

b) These valves are Safety Class 2 and are conservatively designed (600 psig
design pressure) to withstand the containment design pressure of 15 psig.

c¢) Valves are located in an accessible area for maintenance during the
post-accident period.

d) Expansion joinc¢s are utilized in the penetration design.

The stress analysis for the two recirculation lines between containment and
their sump isolation valves shows that the stress in these sections is

below values that would require postulation of breaks occurring if this

pipe were normally in use (i.e., stress does not exceed 0.4 (1.2Sy + Sp)).
For this reason it is acceptable not to provide guard pipe for these
sections of piping (see SRP 6.2.4 Acceptance Criteria 6.e.). Any postulated
leakage from the valve bonnet via the valve stem is contained via a leakoff
that is directed to the Recycle Holdup Tank (the RHT is equip with a
diaphragm that would contain any gases released from solution). The valves
themselves are designed to withstand 600 psig at 400°F which is well in excess
of values to which they would be exposed after an accident (approximately

36 psig, 190°F).

3.6.2.4.4 Access for Periodic Examination

A description of the method of providing access to permit periodic examinations
of process pipe welds within the protective assembly as required by the plant
inservice inspection program is discussed in Section 6.6.

3.6.2.5 Summary of Dynamic Analyses Results

A summary of postulated circumferential and longitudinal break locations is
shown on Figures 3.6.2-9 to 3.6.2-207.

A summary of the dynamic analyses, resulting from postulated pipe breaks in
high-energy piping systems, is comprised of the following information:

a) System pipe routing - Figures 3.6.2-9 thru 3.6.2-207
b) Location of postulated breaks - Figures 3.6.2-9 thru 3.6.2-207

¢) Location of postulated pipe rupture restraints - Figures 3.6.2-9 thru
3.6.2-207 (Jet barriers are located near target to intercept jet)

d) Summary of protection requirements - Table 3.6.2-4.

e) Summary of combined stresses at break locations - Table 3.6.2-4.

3.6-29 Rev. 11
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No unique or untried construction techniques are used in fabricating the con-
tainment vessel. The same construction procedures are used that have been
successfully employed at McGuire Nuclear Station which is identical in shape
and size.

3.8.2.7 Testing and Inservice Inspection Requirements
3.8.2.7.1 Preoperational Testing and Inspection

(A) Structural Testing

The containment shell, personnel airlocks and eguipment hatch are inspected and
tested in accordance with the ASME Boiler and Pressure Vessel Code, Section III,
Subsection NE. Penetrations are pressure tested as required for class NC in ac-
cordance with Section III of the 1974 ASME Code including addenda through the
Summer of 1974.

(B) Leakagn Rate Tests

Bottom Liner Plate: The bottom liner plate welds are inspected, prior to placing
concrete, 1n accordance with the following:

B Dye penetrant examinations are performed in accordance with Section V of
the ASME Boiler and Pressure Vessel Code.

= Upon completion of the dye penetrant test, the weld seams are covered
with test channels and pressure tested. A)] detected leaks are repaired
and retested. The leak test channe)l layout is shown in Figure 3.8.2-8.

Personnel Air Locks and Equipment Hatch: The personnel air locks are pres-
surized and a Type B leak rate test is performed as described in Section
6.2.6.

The double o-ring compression seals in the equipment hatch are tested for leak-
age as specified in Section 6.2.1.6.

Containment Leakage Rate Test: Upon completion erection including al)l penetra-
t?ons, parsonnel air 10Cks, equipment hatch, bottom liner plate and structural

testing, a leakage rate test is performed on the containment as described in
Section 6.2.6.

3.8.2.7.2 Operational Surveillance

3.8.2.7.2.1 Structural Integrity

The containment shell is protected by the Reactor Building from adverse environ=
mental conditions. In addition, under operating conditions, the shell does

not experience design pressure and temperature load cycling. It is therefore

contemplated that additional structural testing of the containment shell other
than the initial structural test is not necessary.

3.8-18 Rev. 11
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Manual and motor operated valves have backseats to facilitate repacking and to
limit stem leakage when the valves are open. Leakage connections are provided
where required by valve size and fluid conditions.

5.4.7.2.3 Control

Each inlet line to the RHRS is equipped with a pressure relief valve sized to
relieve the combined flow of all the charging pumps at the relief valve set
pressure. These relief valves also protect the system from inadvertent over=
pressurization during plant cooldown or startup. Each valve has a relief flow
capacity of 900 gpm at a set pressure of 450 psig. An analysis has been con-
ducted to confirm the capability of the RMRS relief valve to prevent overpres-
surization in the RHRS. A1l credible events were examined for their potential
to overpressurize the RHRS. These events included normal operating conditions,
infrequent transients, and abnormal occurrences. The analysis confirmed that
one r:}i:f valve has the capability to maintain the RHRS maximum pressure within
code limits.

Each discharge line from the RHRS to the RCS is equipped with a pressure relief

valve to relieve the maximum possible back-leakage through the valves separating

the RHRS from the RCS. Each valve has a relief flow capacity of 20 gpm at a set

pressure of 600 psig. These relief valves are located in the ECCS (See Figures
$0.15!  5.4.7-1 and 5.4.7-2).

The fluid discharged b¥ the suction side relief valves is collected in the pres=-
surizer relief tank. The fluid discharged by the discharge side relief valves
is collected in the recycle holdup tank of the boron recycle system.

The design of the RHRS includes two motor-operated gate isolation valves in
series on each inlet line between the high pressures RCS and the lower pressure
RHRS. They are closed during normal operation and are only opened for residual
| heat removal during a unit cooldown after the RCS pressure is reduced to 385 psig
or lower and RCS temperature is reduced to approximately 350°F. Ouring a unit
startup the inlet isolation valves are shut after drawing a bubble in the pres-
| surizer and prior to incrﬂlsinﬂ RCS pressure above 385 psig. These isolation
valves are provided with both "prevent-open” and "auto-closure" interlocks which
are designed to prevent possible exposure of the RHRS to normal RCS operating
pressure. The two inlet isolation valves in each subsystem are separately and
independently interlocked with pressure signals to prevent their being opened
whenever the RCS pressure is greater than approximately 425 psig. The two inlet
icolation valves in each subsystem are also separately and independently inter-
locked with pressure signals to automatically shut if RCS pressure increases to
Q | 600 psig during a plant startup.
440.15

The use of two independently powered motor-operated valves in each of the two

inlet Tines, along with two independent pressure interlock signals for each

function assures a dosf?n which meets applicable single failure criteria. Not

only more than one single failure but also different failure mechanisms must be

postulated to defeat the function of preventing possible exposure of the RHR

system to normal RCS operating pressure. These protective interlock designs,
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Component Description

Pumps

The Containment Spray System flow is provided by two centrifugal type pumps
driven by electric motors. The motors, which can be powered either normally

or from an emergency source are direct coupled and non-overloading to the end

of the pump curve. The design head of the Containment Spray Pumps is sufficient
to ensure rated capacity with a minimum 'evel in the Refueling Water Storage Tank
or the containment sump when pumping against a head equivalent to the sum of the
design pressure of the containment, the elevational head between the pump dis=-
charge and the uppermost spray nozzles, and the equipment and piping friction
losses. Manufacturer performance testing of each pump yielded 3400 gpm flow at

a head of 400 ft. See Table 6.2.2-1 for additional design parameters and Figure
6.2.2+2 characteristic curves.

The residual heat removal pumps which also provide flow to the Containment Spray
System are described in Section 5.4.7 and 6.3, Each residual heat removal pump
will provide about 2000 gpm for upper containment spray.

The containment spray pumps are vertical shaft pumps. Pump motor parameters
are as follows:

Motor horsepower 500
Service factor 1.25
Motur voltage 4000
Phase 3
cycle 60

Heat Exchangers

The Containment spray heat exchangers are of the vertical shell and U-tube type
with tubes welded to the tube sheet. Borated water from efther the refueling
water storage tank or the containment sump circulates through the tube side.
Desfgn parameters are presented in Table 6.2.2-2.

Eiping

All Containment Spray System piping in contact with borated water is austenitic
stainless steel. All piping joints are welded except for the flanged connection
at the pump and relief valves.

r 1 nd Rin r

Each pair of containment spray headers provides approximately 3400 gpm and con=
tain a total of approximately 223 hollow cone ramp bottom nozzles, each of which
is capable of a design flow of 15.2 gpm with a 40 psi differential pressure.
These nozzles have a 3/8 finch spray orifice and are not subject to clogging by
particles up vo 1/4 inch in maximum dimension. The nozzles produce a mean drop
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As an added precaution, the refueling water storage tank is kept heated between
70°-100°F. This operating condition is stated in Technical Specification
3.8.4.

The Containment Air Release and Addition System takes care of small differences
in containment pressure relative to atmospheric pressure, and is described in
Section 9.5.9.

OF MAXIMUM REVERSE PRESSURE DIFFERENTIAL

The LOTIC-2 computer mode! was used to calculate the reverse differential pres-
sure across the operating deck. In order to calculate a maximum reverse dif-
ferential pressure the following assumptions were made:

1. The dead-ended compartment volumes adjacent to the lower compartment, fan
and accumulator rooms, pipe trenches, etc., were assumed to be swept of
air during the initial blowdown. This is a very conservative assumption,
since this will maximize the air mass forced into the upper ice bed and
upper compartment, thus raising the compression pressure. In addition,
it will minimize the mass of the non-condensables in the lower compart-
ment. With this modeling the dead-ended volume is included with that of
the lower compartment, (See Figure 6.2.1-10), resulting in a 3 volume sim=
ulation of the Containment.

2. The minimum containment temperatures are assumed in the various subcom=
partments. This will maximize the air mass forced into the upper contain=-
ment., It will also increase the heat removal capability of the cold lower
compartment structures.

3. A temperature of 100°F is assumed in the RWST. This will help raise the
upper containment temperature and pressure higher for a longer period of
time.

4, The upper containment spray flow rates used were runout flows.

5. The containment geometry is the same as that used in the minimum pressure
analysis for ECCS purposes.

6. The Westinghouse ECCS model (See WCAP-8339, Reference 4) was used for
heat transfer to the structure,

7.  The mass and energy releases used are based on the analysis presented in
WCAP-8479. (Reference 5)

8. [ce condenser doors are assumed to act as check valves, allowing flow
only into the ice condenser.

9. Flow resistance across operating deck is 0.0072 ft 4,

With these assumptions the maximum reverse pressure differential across the
operating deck was calculated to be 0.65 psi. The following plots have been
provided:
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vided in Table 6.2.3-3. The structural outline of the Reactor Building is fur-
nished in Figure 3.8.1-1. Additional plans and sections are shown in Figures
1.2.2-8 through 1.2.2-16.

6.2.3.3 Design Evaluation

The results of an analysis of the functional capability of the Annulus Venti=
lation System to depressurize and maintain a uniform negative pressure of >0.5
in. Hy0 in the annulus following a design basis accident are provided in Table
6.2.3-2.

The pressure, temperature, and mass of annulus air is calculated by the Fortran

IV program CANVENT for the entire accident transient, including the steady state
conditions prior to the fnitiating event. The containment is divided into three
regions, where standard equations of heat transfer are applied. No heat or mass
transfer between regions is assumed except in the annulus. The steady state, pre-
accident temperatures are determined by an interactive process until successively
calculated temperatures differ by less than some small predetermined amount. The
post-DBA transient conditions are calculated using the finite differances tech-

nique.
The foilowing assumptions are made for simplification and/or conservatism:

1) The containment is divided into three regions. The temperature of each
region is uniform within that region.

2) There are no temperature gradients in the vertical or circumferential dir-
ections. Thus, the model is one dimensional with heat transfer occurring
only in the radial directions.

3) A1) physical properties (e.g., heat capacity, thermal conductivity, emis-
sfvity, and density) are independent of temperature, except the density of
air in the annulus.

4) The air in the annulus behaves as an ideal gas and is uniformly mixed.

5) The air in the annulus has a transmissivity of unity. Therefore, energy
is transfered to and from the air only by natural convection.

6) Radiative heat transfer occurs between the concrete reactor building and
the steel containment building. The surfaces are treated as gray bodies
with a parallel, flat plate geometry,

7) The equation for the heat transfer coefficient for the upper containment /
to annulus air, treating the dome as a horizontal plate, is h = .22 (at)'’'?
Similarly, treating the ice condenser and lower containment sections as
vertical 9lltcs. the heat transfer coefficient to annulus air is h =
.19 (at)t's,

8) For the transfer of heat from the containment air to the containment shell,
a heat transfer coefficient that increases linearly in time from 8 Btu/hr -
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ft2 - °F to some maximum value is assumed, followed by exponential decay at
a rate of .025 sec ! to some long-term value. The steady-state calculations
are based on the natural convection heat transfer coefficients previously
mentioned.

Circulation of refrigerating air in the ice condenser air ducts ceases at
the initiation of the accident. Therefore, before the accident, heat is
transferred to the refrigerating air by forced convection; whereas, after
the accident the mechanism is natural convection. The use of a forced
convection heat transfer coefficient is eliminated by assuming the ice
condenser walls are at the same temperat...: as the refrigerating air.

The annulus ventilation fan comes on instantaneously at full speed at a
time determined by signal response times and fan characteristics. Partial
flow before this time is not considered. At a later time, the fan flow
capacity is decreased 15% due to an increased differential pressure across
the annulus filter train.

11) A portion of the annulus ventilation fan flow is exhausted to the atmos-
phere and the remainder is returned to the annulus. The full fan flow is
exhausted until the annulus pressure is reduced to -1.0 inches w.g. From
that point, the amount of air exhausted is that amount required to maintain
the annulus pressure at -1.0 inches w.g.

12) Leakage of air across the concrete reactor building will be a maximum at
| =1.0 inches w.g. This leakage is conservatively assumed to exist whenever
the annulus is at a negative pressure. No credit is taken for out leakage
when the annulus pressure is greater than zero.

13) Thermal contact resistances are neglected.

14) For each of the three regions, heat transfer areas are lumped into one of
three categories based on the inside radius of the containment shell, the
midpoint of the annulus, and the midpoint of the reactor building. This
is assumed in order to avoid the continuous variation of area with radius
associated with cylindrical geometry.

15) Outside temperatures remain unchanged during the course of the accident.
For steady-state calculations, the surface of the reactor building is at
the outside temperature. For the post-accident transient, the Reactor
Building is considered an adiabatic wall.

16) The expansion of the containment shell, due to the pressure and temperature

increase within, is calculated assuming each region is freestanding and
independent of any other region.

6.2.3.4 Tests and Inspections

Preoperational and periodic tests are described in Chapter 14 and the Technical
Specifications respectively.
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their adequacy under these conditions.

Air or motor-operated valves are used for the automatic isolation valves. Air-
operated valves are designed to assume the position of greater safety upon loss of
air. Motor-operated valves are powered from the emergency power sources.

Remote manual control of the automatically actuated Containment isolation valves
is provided.

Automatic valves are installed in lines that must be immediately isolated after
an accident. Those lines which must remain in service after an accident have
at least one remote manual valve.

Hot and cold penetration design and analyses are presented in Section 3.6.2.4,
Mechanical Penetrations. Special penetrations such as main steam, main feed-
water, and sump recirculation line penetrations are described in detail under
this section.

The integrity of the isolation valves system and connecting lines under the
dynamic forces resulting from inadvertent closure while at operating conditions
(e.g., main steam lines) is assured by the performance of static and dynamic
analysis cn the piping, valves and restraints.

The supports and restraints are applied such that integrity is assured and pipe
stresses and support reactions are within allowable limits. Valves, in nonsafety-
related systems where function permits, are normally positioned closed to min-
imize any release following a design basis event. Those valves that are requir-
ed to change position following a design basis event are equipped with valve
operators to move the valve rapidly.

Containment isolation valves and operators inside the Containment are designed
to withstand a maximum integrated radiation dose of 2 x 10® rads during the life
of the plant.

Containment isolation valves that are located inside the Containment are de-
signed to function under the pressure-temperature conditions of both normal
operation and that during the design basis event. The pressure-temperature
condition used for valve design under normal operation is 14.7 psia and 120°F.
The pressure-temperature condition used fo- valve external design under acci-
dent conditions is 15 psig and 300°F.

6.2.4.2.2 Containment Valve Injection Water System

The Containment Valve Injection Water System (NW) is shown in Figure 6.2.4-2.
[* prevents leakage of containment atmosphere past certain gate valves used
for containment isolation following a LOCA by injecting seal water at a
pressure exceeding containment accident pressure between the two seating

| surfaces of the flex wedge valves. The system consists of two independent,
redundant trains; one supplying gate valves that are powered by the A train
diesel and the other supplying gate valves powered by the B train diesel.
[his separation of trains prevents the possibility of both containment isola-
tion valves not sealing due to a single failure.

Each train consists of a surge chamber which is filled with water and pressur-
ized with nitrogen. One main header exits the chamber and splits into several
headers. A solenoid valve is located in the main header before any of the
branch headers which will open after 60 second delay on ST signai. Each of
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the headers supply injection water to containment isolation valves located in
the same general location, and close on the same engineered safety signal A
solenoid valve is located in each header which supplies seal water to valves
closing on SP signal. These solenoid valves open after a 60 second delay on SP
signal. Since a ST signal occurs before a SP signal, the solenoid valve located
in the main header will already be injecting water to Containment isolation
valves closing on ST signal. This leaves an open path to the headers supplying
injection water on SP signal. The delay for the solenoid valves opening is to
allow adequate time for the slowest gate valve to close, before water is inject~
ed irto the valve seat.

Individual solenoid valves are provided for the NI and NS containment isolation
valves receiving seal water injection. Following a postulated accident one or
more of the NI or NS containment isolation valves may be open. These solenoid
valvas will receive a signal to open, following a ST signal and once its associ-
ated containment isolation valve has closed. [f the containment isolation valve

' subsequently opens, its associated NW solenoid valve closes. Thus after a ST
signal, the NW solenoid valve will be open when its containment isolation valve is
closed and vice versa.

One header for each train penetrates the Containment. The NW Containment
isolation valve on the outside of the Containment opens on ST signal, allowing
seal water to be injected to those containment isolation valves located inside
the Containment. Inside Containment, solenoid valves isolate the headers that
supply injection water to those valves closing on SP signal. The solenoid
valves open after a 60 second delay on SP signal.

Makeup water is provided from the Demineralized Water Storage Tank for testing
and adding water to the surge chamber during normal plant operation. Assured
water is provided from the essential header of the Nuclear Service Water System.
This supply is assured for at least 30 days following a postulated accident.

[f the water level in the surge chamber drops below the low=low level or if

the surge chamber nitrogen pressure drops below the low-low pressure after a

ST signal, a solenoid valve in the supply line from the Nuclear Service Water
System will automatically open and remains open, assuring makeup to the NW
system at a pressure greater than 110% of peak Containment accident pressure.

The NW system is designed to meet all Regulatory and Testing requirements set
forth in Paragraph III-C of 10CFRSO, Appendix J and ASME Code Section IX.

6.2.4.3 Design Evaluation

The Containment structure and the Containment penetrations form an essentially
leak-tight barrier. Allowable leak rates from the Containment under design
pressure condition are discussed in Section 6.2.1. Testing provisions and
performance are also discussed in Section 6.2.1. Whenever practicable, iso-
lation valves outside Containment which are normally open and required to
close on a signal to isolate the Containment are designed to fail closed.

[n determining potential bypass leak paths following a LOCA, a ligquid seal
between two isolation valves is not assumed. Rather, the liquid seal is
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maintained by the line terminating in a seismic Class 1 tank or normally closed
valve. Neither is it assumed that liquid pressure in the "sealed lines" will
always equal or exceed containment pressure. No single failure will prevent
bypass leakage control including fallure of one safety channe! of isolation
valves to close. Through line leak is stil]l precluded since no seal is
assumed between the two ‘solation valves. Following isolation valve closure,
dos:on valve leakage rates will be sufficiently low to preclude loss of liquid
seals.

In order that no single, credible failure or malfunction will result in loss
of isolation capability, the closed piping systems, both inside and outside
the Containment, and various types of isolation valves provide a double barrier.

The isolation valve and actuators are located as close as practical to the Con-
tainment and protected from missile damage. This minimizes the potential hazards
that could be experienced by the system.

The integrity of the isolation valve system and connoct1n? lines under the dynam=
ic forces resulting from inadvertent closure under operating conditions is as-
sured, based upon required static and dynamic analysis.

The s, ~»*te and restraints are applied such that pipe stresses and support re-
actions are within allowable 1imits as defined in Section 3.9. 2.

Two trains of injection water are provided in the Containment Valve Injection
Water System. This will prevent the loss of 1n{cction water or loss of seal~
ing capability should one train of Containment isolation valves fail to close.
Makeup water can be assure’ from the Nuclear Service Water System for 30 days
following the postulated LuCA.

6.2.4.4 Testing and Inspection

Each valve is designed to be tested periodically during normal operation or dur-
ing shutdown conditions to verify its operability and ability to meet closing
requirements.

A program of test inspection requirements for containment isolation is pre-
sented in the Technical Specifications. Similar tests are performed prior to
operation as discussed in Chapter 14,

Gate valves served by the Containment Valve Injection Water System do not receive
a conventional Type C leak rate test using air as a test medium.

The Containment [solation valves served by the Containment Valve Injection
Water System together with the NW systems are tested simultaneously. Contain-
ment fsolation valves are leak rate tested by injecting seal water from the
Containment Valve [njection Water System to the containment isolation valves
(Note that one to all Containment Isolation valves can be tested
simultaneously so that effect on plant operation and radiation exposure can be

6.2+61 Rev. 11



CNS

minimized. With the containment isolation valve closed, the leakage is determ=
ined by measuring flow rate of seal water out of the containment valve injection
water surge chamber. The leakage rate from all containment isolation valves is
totaled for each train. The total leakage from each train should not exceed
Technical Specifications. To assure that seal water is infact taking place,
seal water flow is verified with the containment valve in the open positions

and then seal water flow is verified to.be reduced when the containment
fsolation valve is closed. This alternate to Type C leak rate testing with air
is allowed by NRC 10CFRS0, Appendix J, Paragraph I[I1-C.
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TABLE 6.2.1-2

ser i Par r

Reactor Containment Volume (Net free volume, rt’)(l)

Upper Compartment 670,100

Lower Compartment (Active) 273,218

Lower Compartment (Dead Ended) 71,779

[ce Condenser 97,348

Upper Plenum 47,000

Lower Plenum 25,000

Tutal Volume 1,184 445

NSSS Power, Mwt 3,427

| Tech Spec Weight of Ice in Condenser, 1bs. 2,368,652

\-) These volumes (c;gloyod fn the LOTIC analyses) use a maximum designed ice
mass of 2.45 x 10% pounds and an air compression ratio at inftial blow=
down conditions.
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Table 6.2.3-2 (Page 1)

Annulus Conditions vs. Time Following Design Basis Accident

TIME ANNULUS ANNULUS PURGE FLOW RECIRCULATION LOWER CONTAINMINT!
(SEC) TEMP PRESSURE RATE FLOW TEMPERATURE

(°R) (IN. WATER) (CFM) (CFM) (°R)

1. 498.94 0.550 0. 0. 690. 33
2. 498.95 0.570 0. 0. 690. 32
3. 498. 96 0.598 0. 0. 690.33
4. 498.97 0.632 0. 0. 690.33
S. 498. 98 0.671 0. 0. 690.33
6. 498.99 0.716 0. 0. 690. 33
7. 499.00 0.764 0. 0. 690. 33
8. 499.01 0.816 0. 0. 690.33
9. 499.02 0.871 0. 0. 690.33
10. 495.03 0.929 0. 0. 690. 33
11. 499.05 0.988 0. 0. 690.33
12. 499.06 1.049 0. 0. 690. 33
13. 499.08 1.111 0. 0. 690.33
14. 499.09 1.174 0. 0. 690.33
15. 499.11 1.239 0. 0. 690.33
1A, 499.13 1.304 0. 0. 690.33
1. 499.16 1. 365 0. 0. 690. 33
18. 499.18 1.436 0. 0. 690.33
19. 499.21 1.503 0. 0. 690.33
20. 499.23 1.571 0. 0. 690. 33
21. 499.27 1.639 0. 0. 690.33
22. 499.30 1.708 0. 0. 690. 33
23. 493.33 1.650 9000. 0. 690.33
24. 499.37 1.592 9000. 0. 690.33
25. 499.41 1.534 9000. 0. 690. 33
26. 499.45 1.475 9000. 0. 690.33
27. 499.50 1.416 9000. 0. 690.33
28. 499.54 1.357 9000. 0. 690.33
29. 499.59 1.298 9000. 0. 690.33
30. 499.65 1.239 9000. 0. 690.33
31. 499.70 1.181 9000. 0. 690.33
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Table 6.2.3-2 (Page 2)

Annulus Conditions vs. Time Following Design Basis Accident

TIME ANNULUS ANNULUS PURGE FiLOW RECIRCULATION LOWER CONTAINMENT!
(SEC) TEMP PRESSURE RATE FLOW TEMPERATURE

(°R) (IN. WATER) (CFM) (CFM) (°R)
32. 499.75 1.124 9000. 0. 690.33
33. 499.81 1.067 9000. 0. 690.33
34. 499.87 1.010 9000. 0. 690.33
35. 459.93 0.954 9000. 0. 690.33
36. 500.00 1.898 9000. 0. 690.33
k ¥ 500.06 0.843 9000. 0. 690. 33
38. 500.13 0.789 9000. G. 690.33
39. 500.19 0.734 9000. 0. 690. 33
40. 500. 26 0.681 9000. 0. 690.33
4]. 500.33 0.627 9000. 0. 690.33
42. 500.41 0.574 9000. 0. 690.33
43. 500.48 0.522 9000. 0. 690. 33
44. 500. 55 0.470 9000. 0. 690. 33
45. 500.63 0.418 9000. 0. 690.33
46. 500.71 0.371 9000. 0. 690. 33
47. 50).79 0.325 9000. 0. 690. 33
48. 500.86 0.279 9000. 0. 691.16
49. 500.94 0.234 9000. 0. 691.97
50. 501.03 0.189 9000. 0. 692.76
51. 501.11 0.145 9000. 0. 693.54
52. 501.19 0.101 9000. 0. 694.30
53. 501. 27 0.058 9000. 0. 695.05
54. 501. 36 0.015 9000. 0. 695.79
55. 501.44 -0.014 9000. 0. 695.48
56. 501.52 -0.037 9000. 0. 695.19
57. 501.60 -0.060 9000. 0. 694.89
58. 501.68 -0.084 9000. 0. 694.61
$9. 501.75 -0.107 9000. 0. 694.33
60. 501.83 -0.130 9000. 0. 694.05
61. 501.91 -0.153 9000. 0. 694.30
62. 501.99 -0.176 9000. 0. 694.54
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Table 6.2.3-2 (Page 3)

Annulus Conditions vs. Time Following Design Basis Accident

l TIME ANNULUS ANNULUS PURGE FLOW RECIRCULATION LOWER CONTAINMENT!
(SEC) TEMP PRESSURE RATE FLOW TEMPERATURE

(°R) (IN. WATER) (CFM) (CFM) (°R)

63. 502.08 -0.198 9000. 0. 694.78
64. 502.16 -0.220 9000. 0. 695.02
65. 502.24 -0.243 9000. 0. 695. 25
66. 502. 32 -0.264 9000. 0. 695.48
67. 502.41 -0.291 9000. 0. 695.70
68. 502.49 -0.317 9000. 0. 695.92
69. 502.58 -0.343 9000. 0. 696.14
70. 502.66 -0.369 9000. 0. 696. 36
71. 502.75 -0.394 9000. 0. 696.57
12. 502.83 -0.420 9000. 0. 696. 78
73. 502.92 -0.445 9000. 0. 696.73
74. 503.01 -0.470 9000. 0. 696.41
75. 503.09 -0.495 9000. 0. 696. 10
76. 503.18 -0.520 9000. 0. 695.79
77. 503.27 -0.545 9000. 0. 695.48
78. 503.36 -0.570 9000. 0. 695.18
79. 503.45 -0.595 9000. 0. 694.89
80. 503.53 -0.620 9000. 0. 694.59
81. 503.62 -0.645 9000. 0. 694.30
82. 503.71 -0.669 9000. 0. 694.02
83. 503.80 -0.694 9000. 0. 693.74
84. 503.89 -0.718 9000. 0. 693.46
85. 503.98 -0.743 9000. 0. 693.18
86. 504.07 -0.767 9000. 0. 692.91
87. 504.16 -0.792 9000. 0. 692.64
88. 504.25 -0.816 9000. 0. 692.37
89. 504.34 -0.841 9000. 0. 692.11
90. 504.44 -0.865 9000. 0. 691.85
91. 504.53 -0.889 9000. 0. 691.59
“ 92. 504.62 -0.914 9000. 0. 691. 34
93. 504.71 -0.938 9000. 0. 691.09
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TIME
(SEC)

94.
95.
96.
97.
98.
99.
100.
150.
200.
250.
300.
350C.
400.
450.
500.
550.
600.
650.
700.
750.
800.
850.
900.
950.
1000.
1100.
1200.
1300.
1400.
1500.
1600.
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Annulus Conditions vs. Time Following Design Basis Accident

ANNULUS

TEMP
(°R)

504.
504.
504.
505.
505.
. 26
505.
509.
514.
518.
522.
525.
528.
531.
534.
536.
538.
540.
542.
543.
544.
545.
546.
547.
547.
548.
548.
549.
549.
549.
550.

505

80
89
99
08
17

35

ANNULUS
PRESSURE
(IN. WATER)

. 962
. 987
.000
. 000
.000
.000
.000
.000
. 000
.000
.000
.000
. 000
.000
. 000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
. 000
.000
.000
.000
.000
.000

PURGE FLOW
RATE
(CFM)

9000
9000
7436
7285
7283
7282
7280
7026
6724
6367
6011
5658
5311
4983
4680
4402
4158
3871
3600
3334
3106
2937
2772
2631
2521
2380
2302
2259
2220
2193
2172

RECIRCULATION
FLOW
(CFM)

0
0
1564
1715
1717
1718
1720
1974
2276
2633
2989
3342
3689
4017
4320
4598
4842
5129
5400
5666
5894
6063
6228
6369
6479
6620
6698
6741
6780
6807
6828

(°R)

690.

690

689
689

681
681

681

657
657

657

84

.59
690.
690.
689.

35
11
87

.63
.40
679.
680.
682.
684.
682.
682.

96
35
52
00
79
09

.96
1.85
681.

75

.65
674.
667.
662.
661.
659.
657.
656.
656.
657.

10
11
85
04
35
75
23
49
26

.95
658.

19

.82
657.
.16

48

Rev.
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Table 6.2.3-2 (Page 5)

Annulus Conditions vs. Time Following Design Basis Accident

TIME ANNULUS ANNULUS PURGE FLOW RECIRCULATION LOWER CONTAINMENT'
(SEC) TEMP PRESSURE RATE FLOW TEMPERATURE

(°R) (IN. WATER) (CFM) (CFM) (°R)
1700. 550.32 -1.000 2156 6844 656. 86
1800. 550.47 -1.000 2113 6887 652.85
1900. 550.52 -1.000 2049 6951 649.06
2000. 550. 46 -1.000 1984 7016 645.46
2100. 550.30 -1.000 1951 7049 644 .91
2200. 550.09 -1.000 1945 7055 644.39
2300 549.88 -1.000 1958 7042 643.89
2400. 549.69 -1.000 1972 7028 643.41
2500. 549.54 -1.000 1995 7005 642.95
2600. 549.43 -1.000 2024 6976 642.52
2700. 549.37 -1.000 2052 6948 642.09
2800. 549. 36 -1.000 2078 6922 641.69
2900. 549.40 -1.000 2105 6895 642.40
3000. 549. 50 -1.000 2096 6904 643.04
3100. 549.52 -1.000 1994 7006 641.98
3200. 549. 38 -1.000 1948 7052 640. 96
3300. 549.17 -1.000 1926 7074 639.97
3400. 548.92 -1.000 1920 7080 639.01
3500. 548.68 -1.000 1925 7075 638.65
3600. 548.45 -1.000 1937 7063 638.31
3700. 548.24 ~1.000 1952 7048 637.97
3800. 548. 06 -1.000 1965 7035 637.65
3900. 547.91 -1.000 1978 7022 637.33
4000. 547.78 -1.000 2075 6925 637.02
4100. 548.40 -1.000 3001 5999 640.23
4200. 550.26 -1.000 3368 5632 643.35
4300. 552.57 -1.000 3440 5560 646.40
4400. 554.90 -1.000 3300 5700 649.39
4500. 557.06 -1.000 3180 5820 652.30
4600. 558.97 -1.000 3052 5948 655.15
4700. 560.65 -1.000 2935 6065 657.94

Rev.



Table 6.2.3-2 (Page 6)

Annulus Conditions vs. Time Following Design Basis Accident

TIME ANNuLUS ANNULUS PURGE FLOW RECIRCULATION LOWER CONTAINMENT!
(SEC) TEMP PRESSHRE RATE FLOW TEMPERATURE
(°R) WATEK ) (CFM) (CFM) (°R)

4800. 562.11 .000 2841 6159 660.67
4900. 563.41 .000 2778 6222 663. 35
5000. 564.61 .000 2734 6266 665. 31
5500. 569.05 .000 2479 65?1 665.67
6000. 571.17 . 000 2266 6734 666.01
6500. 572.04 . 000 2216 6784 666.17
7€00. 572.57 .000 2190 6810 665.20
7500. 572.91 .000 2180 6820 664.30
8000. 575.21 .000 2178 6822 663.46
8500. 573.49 .000 2179 6821 662.
9000. 573.77 . 000 2180 6820 661.
9500. 574.06 . 000 2181 6819 661.
10000. 574.34 .000 2182 6818 660.
11000. 574.89 .000 2183 6817 659.
12000. 575.43 .000 2184 6816 658.
13000. 575.95 .000 2185 6815 657.
14000. 576.44 . 000 2185 6815 656.
15000. 576.92 .000 2186 6814 655.
16000. 577.37 . 000 2186 6814 654.
17000. 577.80 . 000 2187 6813 653.
18000. 578.20 . 000 2187 6813 652.
19000. 578.58 .000 2187 6813 652.
20000. 578.94 .000 2187 6813 651.
30000. 581.45 .000 2188 6812 646.
40000. 582.58 .000 2187 6813 642.
50000. 582.93 . 000 2186 6814 639.
60000. 582.88 .000 2184 6816 637.
70000. 582.61 .000 2183 6817 635.
80000. 582.25 . 000 2181 6819 633.
90000. 581.84 .000 2179 6821 631.
8 100000. 581.42 .000 2178 6822 630.




Table 6.2.3-2 (Page 7)

Annulus Conditions vs. Time Following Design Basis Accident

TIME ANNULUS ANNULUS PURGE FLOW RECIRCULATION LOWER CONTAINMENT!
(SEC) TEMP PRESSURE RATE FLOW TEMPERATURE
(°R) (IN. WATER) (CFM) (CFM) (°R)
110000. 581.66 -1.000 2183 6817 630.57
120000. 581.99 -1.000 2184 6816 630.57
130000. 582. 36 -1.000 2185 6815 630.57
140000. 582.72 -1.000 2187 6813 630.57
150000. 583.07 -1.000 2188 6812 630.57
160000. 583.42 -1.000 2189 6811 630.57
170000. 583.77 -1.000 2191 6809 630.57
180000. 584.13 =1.000 2192 6808 630.57
190000. 584.47 -1.000 2193 6807 630.57
200000. Lud. 81 -1.000 2194 6804 630.57
250000. 586.41 -1.000 2200 6800 630.57
300000. 587.85 -1.000 2205 6795 630.57

!The lower containment temperature shown is not a calculated value but is input from straight line
approximations. See Figure 6.2.1-6 for the calculated lower compartment temperatures for a LOCA.
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Table 6.2.3-3 (Page 1)

Dual Containment Characteristics

I. Secondary Containment Design Information
A. Free Volume, ft3 484,090

B. Pressure, inches of water, gauge

» Normal Operation 0.0
| 2. Postaccident < =0.5
C. Leak Rate at Postaccident Pressure (weignt %/day) 0.2

D. Exhaust Fans See Figure 9.4.9-1

E. Filters See Figure 9.4.9-1

II. Transient Analysis

A. Initial Conditions

. Pressure, inches of water, gauge 0.0
2. Temperature, °F 8l1.1
3. Qutside Air Temperature, °F 95

4. Thickness of Secondary Containment, in

wall 36
Dome 27

5. Thickness of Primary Containment, in

wall 0.75
Dome 0.688
B. Therm2i Characteristics
¥ Primary Containment Wall
a. Coefficient of Thermal Expansion, 1/°F 8.4E-06
b. Modulus of Elasticity, psi 2.9E+07
¢. Thermal Conductivity, Btu/hr-ft-°F 25
d. Specific Heat, Btu/1b-°F 0.113
2. Secondary Containment Wall
a. Thermal Conductivity, Btu/hr-ft-°F 0.92
b. Specific Heat, Btu/1b-°F 0.21



22.

23.

24.
25.
26.

27.
28.
29.

30.

31,

32.

33.

34,

35.

TABLE 6.2.4-1 (Page 12)

Containment Isolation Valve and Actuator Data

During the injection phase of safety injection, these valves are closed.
Water from the refueling water storage tank (FWST) provides approximately
48 feet of head on these valves (~ 20.8 psig). This head will preclude
any leakage through this penetration. During the recirculation phase

of safey injection, these valves are open to provide flow to ND pump
suction.

The main steam, feedwater, auxiliary feedwater, sample and blowdown lines
are all connected to the secondary side of the steam generator which is
kept at a higher pressure than the primary side soon after a LOCA occurs.
Any Teakage between the primary and secondary sides of the steam gene-
rator is directed inward to the containment.

Deleted
Deleted

These valves are sealed against leakage by the Containment Valve Injec-
tion Water System as discussed in Section 6.2.4.4.

Type B test performed per 10 CFR 50, Appendix J.
Deleted

This system is required to be in operation during the Type A test in
order to maintain the unit in a safe condition. Therefore, this penetra-
tion will not be vented and drained.

This penetration is a part of a closed system inside containment. A1l
piping inside containment is seismic Category 1 and therefore not subject
to rupture as a result of a LOCA. This penetration will not be drained
and vented for the Type A test.

Valve closes on receipt of a high radiation or high relative humidity
signal.

This penetration is effectively water sealed against any leakage directed
out of containment by the residual heat removal pumps discharge pressure.

This penetration is effectively water sealed against any leakage directed
out of containment by the centrifugal charging pumps discharge pressure.

An effective fluid seal on these penetrations, provided by the suction
sources to the residual heat removal pumps during and following an
accident.

This penetration is left open during an accident to provide flow from the
centrifugal charging pumps to the reactor vessel.
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TABLE 6.2.4-1 (Page 13)

Containment Isolation Valve and Actuator Data

An effective fluid seal on these penetrations prevents any leakage
directed out of containment. Residual upper head injection accumulator
water left after injection is sufficient to provide sealing fluid at ~8
gph if leakage of the hydraulic operated gate valves is assumed. In
addition there would be approximately 9,0001b (120,000 scf) of N, after
all the water was consumed. In any event the water and gas accuﬁu1ators
compose a closed, normally pressurized system during normal operation.
Significant leakage through the boundary during normal operation results
in detectable loss of water or nitrogen or both and would result in
identification and repair to eliminate such leakage. Both water level
(in the VHI surge tan) and pressure are indicated and alarmed in the
control room. Valves INI255B and 1INI258A will be isolable and will be
Type C tested.

System presents a Seismic Category I closed pressure boundary to the
containment atmosphere following a LOCA and is not a part of the reactor
coolant system. pressure boundary. In addition, the outside containment
isolation valve for each penetration is supplied by the Containment Valve
Injection Water System as discussed in Section 6.2.4.4, which provides a
seal against any leakage through the valve.

These penetrations are in use during and following an accident to provide
Containment Valve Injection Water System flow to certain containment
isolation valves. In the event that the containment isolation valve on
these penetrations should fail to open, an effective water seal would be
maintained on the penetration at a pressure > Pa by the Containment Valve
Injection Water Surge Chamber.

These penetrations will either be in use following an accident, or will
be sealed against leakage by a water seal against the outside of the
penetrations. In addition, the following steps are taken to provide
additional assurance of penetration“integrity:

a. The outside containment isolation valves are supplied by “he
Containment Valve Injection Water Systems, as discussed in Section
6.2.4.4, which provides a seal against leakage.

b. The check valves which provide the inside isolation, are tested per
Technical Specification 4.4.7.2.2, which requires a water leak test
for Reactor Coolant System Pressure Isolation Valves.

The use of the above features to assure the integrity of these penetrations
avoids the necessity of installing block valves in the injection flow

path. Such valves would add an increased probability of flow path blockage
during an accident.
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42.

43.

45,

TABLE 6.2.4-1 (Page 14)

Containment Isclation Valve and Actuator Data

The leakage through these Tines will be included in the results of the
Type A test.

Valves remain open during accident. Type C test is performed to verify
integrity of tubing and instrumentation.

The containment isolation valves in this penetration which received a
sealing fluid from the NW system will not be tested as a part of the Type
C lTeak rate test program. The other containment isolation valve(s) will
be Type C tested.

This penetration is not vented for Type A test but the leakage calculated
by Type C test performed on "reverse" check valve is added to Type A test
results. The exemption and alternative have heen requested and granted
by NRC.

These penetrations are left open during an a:cident in order to provide
reactor coolant pump seal water flow from the centrifugal charging pumps.

The outside containment isolation gate valve receives a sealing fluid
from the NW system if it is closed after a phase A isolation signal.
wWhen the isolation valve opens in the course of performing its safety
function a solenoid in the sealing fluid supply lines closes.




CNs

a. Centrifugal charging pumps (CCP's) start.

b. Valves in the CCP's suction header isolate the volume control tank
and align to the refueling storage tank.

€. LLD to cold leg.

d. Normal charging path valves close.

e. The safety injection pumps start.

f. The residual heat removal pumps start.

g. Refueling water storage tank recirculation is terminated and the make-
up line to the spent fuel pool is isolated.

2. Automatic switchover of the residual heat removal pumps (RHRP's) from in-
jection mode to recirculation invol.es the following.

a. The suction valves from the sump open when 2 of 4 low level trans-
mitters indicate a low level in the RWST in conjunction with an "S"
signal.

b. The isolation valves from the refueling water storage tank close
after the sump valves are open.

3. Manual switchover of the suction of the safety injection pumps and the
centrifugal charging pumps requires the following interlocks be satisified.

a. The containment recirculation sump isolation valve is open.

b. The RHRP's suction lines must be isolated from the reactor coolant
system.

c. The safety injection pumps miniflow 1ine must be cliosed.

4. The manua! switchover of the containment spray pumps require the following
interlocks be satisified.

a. The containment recirculation sump isolation valve is open.

b. The line from the refueling water storage tank to the pump suction
line is closed.

8.3.2.2 Equipment and Component Descriptions

The component design and operating conditions are specified as the most severe
conditions to which each respective component is exposed during either normal
plant operation, or during operaticn of the ECCS. For each component these
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conditions are considered in relation to the code to which it is designed. By
designing the components in accordance with applicable codes, and with due con-
sideration for the design and operating conditions, the fundamental assurance of
structural integrity of the ECCS components is maintained. Components of the
ECCS are designed to withstand the appropriate seismic loadings in accordance
with their safety class as given in Table 3.2.2-2.

Pertinent design and operating parameters for the components of the ECCS are
given in Table 6.3.2-1. The codes and standards to which the individual com-
ponents of the ECCS are designed are listed in Table 3.2.2-1.

The major mechanical components of the ECCS follow.

Cold Leg Injection Accumulators

The accumulators are pressure vessels partially filled with borated water and
pressurized with nitrogen gas. Ouring normal operation each accumulator is
isolated from the Reactor Coolant System (RCS) by two check valves in series.

Should the RCS pressure fall below the accumulator pressure, the check valves
open and borated water is forced into the RCS. Each accumulator is attached to
one of the cold legs of the RCS. Mechanical operation of the swing-disc check
valves is the only action required to open the injection path from the accumu-
lators to the core via the cold leg.

Connections are provided for remotely adjusting the level and boron concentra-
tion of the borated water in the accumulator during normal plant operation when
required. Accumulator water level may be adjusted either by draining to the
reactor coolant drain tank or by pumping borated water from the refueling water
storage tank to the accumulator. Samples of the solution in the accumulators are
taken periodically for checks of boron concentration.

Accumulator pressure is provided by a supply of nitrogen gas, and can be adjusted
as required during normal plant operation; however, the accumulators are normally
isolated from this nitrogen supply. Gas relief valves on the accumulators pro-
tect them from pressures in excess of design pressure.

The accumulators are located within the containment but outside of the secondary
shield wall which protects them from missiles.

Accumulator gas pressure is monitored by indicators and alarms. The operator
can take action when required to maintain plant operation within the require-
ments of the technical specification covering accumulator operability.

Residual Heat Removal Pumps

The residual heat removal pumps are started automatically on receipt of an "S"

signal. The residual heat removal pumps deliver water to the RCS from the re-

fueling water storage tank during the injection phase and from the containment

sump during the recirculation phase. Each residual heat removal pump is a sin-
gle stage vertical centrifugal pump.

6.3-4 Rev. 11



oNs

A minimum flow bypass line is provided for the pumps to recirculate and return
the pump discharge fluid to the pump suction should these pumps be started with
their normal flow naths blocked. Once flow is established to the RCS, the bypass
line is automatically closed. This line prevents deadheading of the pumps and
permits pump testing during normal operation.

The residual heat removal pumps are discussed further in Section 5.5.7. A pump
performance curve is given in Figure 6.3.2-6.

Centrifugal Charging Pumps

The charging pumps are started automatically on receipt of an “S" signal and are
automatically aligned to take suction from the refueling water storage tank dur-
ing injection. During recirculation, suction is provided from the residual heat
removal pump and heat exchangers.

These pumps deliver flow to the RCS at the prevailing RCS pressure. Each
centrifugal charging pump is a multistage diffuser design, barrel-iype casing
with vertical suction and discharge nozzles. A minimum flow bypass line is
provided on each pump. An "S" signal closes valves to isolate the normal
charging line and volume control tank and opens the charging pump/refueling
water storage tank suction valves to align the high head portion of the ECCS
for injection. The charging pumps may be tested during power operation in a
normal charging alignment.

A pump performance curve for the centrifugal charging pump is presented in
Figure 6.3.2-7.

Safety Injection Pumps

The safety injection pumps are started automaticaily on receipt of an "S" sig-
nal. These pumps deliver water to the RCS from the refueling water storage tank
during the injection phase and from the containment sump via the residual heat
removal pumps and heat exchangers during the recirculation phase. Each high head
safety injection pump is driven directly by an induction motor.

A minimum flow bypass line is provided on each pump discharge to recirculate
flow to the refueling water storage tank in the event that the pumps are started
with the normal flow paths blocked. This line also permits pump testing during
normal plant operation. Two parallel valves in series with a third, downstream
in a common header, are provided in this line. These valves are manually closed
from the control room as part of the ECCS realignment from the injection to the
recirculation mode. A pump performance curve is shown in Figure 6.3.2-8.

Residual Heat Exchangers

The residual heat exchangers are conventional shell and U-tube type units.
ODuring normal cooldown operation, the residual heat removal pumps recirculate
reactor coolant through the tube side while component cooling water flows
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Loss of one pump or one flow path will not prevent hot leg recirculation since
two redundant flow paths are available for use.

6.3.2.6 Protection Provisions

The provisions taken to protect the system from damage that might result from
dynamic effects are discussed in Section 3.6. The provisions taken to protect
the system from missiles are discussed in Section 3.5. The provisions to pro-
tect the system from seismic damage are discussed in Sections 3.7, 3.9 and 3.10.
Thermal stresses on the RCS are discussed in Section 5.2.

8.32.7 Provisions For Performance Testing

Test lines are provided for performance testing of the ECCS system as well as
individual components. These test lines and instrumentation are shown in Figures
6.3.2-1 thru 6.3.2-5. Additional information on testing can be found in Section
6.3.4.2.

6.3.2.8 Manual Actions

No manual actions are required of the operator for proper operation of the ECCS
during the injection mode of operation. Only limited manual actions are required
by the operator to re-align the system for the cold leg recirculation mode of
operation, and, after approximately 15 hours, for the hot leg recirculation mode
of operation. These actions are delineated in Table 6.3.2-7.

The chanceover from the injection mode to recirculation mode is initiated auto-
matically and compieted manually by operator action from the main control room.
Protection Togic is provided to automatically open the two Containment recircula-
tion sump isolation valves and automatically close the two RHR/RWST isolation
valves (FW27A and FW55B) when two of four refueling water storage tank level
channels indicate a refueling water storage tank level less than a predetermined
level in conjunction with the initiation of the engineered safeguards actuation
signal ("S" signal). This automatic action aligns the two residual heat removal
pumps to take suction from the containment sump and to deliver directly to the
RCS. It should be noted that the residual heat removal pumps would continue to
operate during this changeover from injection mode to recirculation mode.

The two charging pumps and the two safety injection pumps continue to take
suction from the refueling water storage tank, following the above automatic
action, until manual operator action is taken to align these pumps in series
with the residual heat removal pumps.

The refueling water storage tank level protection logic consists of four level
channels with each level channel assigned to a separate process control protec-
tion set. Four refueling water storage tank level transmitters provide level
signals to corresponding normally de-energized level channel bistables. Each
level channel bistable would be energized on receipt of a refueling water stor-
age tank level signal less than the predetermined level setpoint.
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A two out of four coincident logic is utilized in both protection cibinets A
and B to ensure a trip signal in the event that two of the four level channel
bistables are energized. This trip signal, in conjunction with the "S" sig-
nal, provide the actuation signal to automatically open the corresponding con=
tainment sump isolation valves.

A lower refueling water storage tank level signal is also alarmed to inform the
operator to initiate the manual action required to realign the charging and saf-
ety injection pumps for the recirculation mode. The manual switchover sequence
that must be performed by the operator is delineated in Table 6.3.2-7. Follow-
ing the automatic and manual switchover sequence, the two residual heat removal
pumps would take suction from the containment sump and deliver borzted water
directly to the RCS cold legs. A portion of the residual heat removal pump A
discharge flow would be used to provide suction to the two charging pumps which
would also deliver directly to the RCS cold legs. A portion of the discharge
flow from residual heat removal pump B would be used to provide suction to the
two safety injection pumps which would also deliver directly to the RCS cold
legs. As part of the manual switchover procedure (Table 6.3.2-7), the suctions
of the safety injection and charging pumps are cross connected so that one res-
idual heat removal pump can deliver flow to the Reactor Coolant System and both
safety injection and charging pumps, in the event of the failure of the other
residual heat removal pump.

See Section 7.5 for process information available to the operator in the
control room following an accident.

The consequences of the operator failing to act altogether will be loss of high
head safety injection pumps and charging pumps.

6.3.3 PERFORMANCE EVALUATION
Acc .dents which require ECCS operation
1. The accidental depressurization of the main steam system.

2. A loss of reactor coolant from small ruptured pipes or from cracks in
large pipes.

3. A major reactor coolant system pipe rupture (LOCA).
4, A major secondary system pipe rupture.
8. A steam generator tube rupture.

Accidental Depressurization of the Main Steam System

The most severe core conditions resulting from an accidential depressuriza@ion
of the main steam system are associated with an inadvertent opening of a single
steam dump, relief or safety valve.
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In the event of an accidental depressurization of the main steam system, the
Safety Injection System is actuated by any of the following:

X Two-out-of-three steamline low pressure signals in any one loop.
o6 Two-out-of-four pressurizer low pressure signals.

3. Two-out-of-three containment high pressure signals.

4. Manual actuation.

A safety injection signal will rapidly clese all feedwater control valves,
trip the main feedwater pumps, and close the feedwater pump discharge valves.

Following the actuation signal, the suction of the charging pumps is diverted
from the volume control tank to the refueling water storage tank. The valves
isolating the injection header are automatically opened. The charging pumps
force boric acid solutien from the RWST, through the header and injection line
and into the cold legs of each loop. The safety injection pumps also start
automatically but provide no flow when the RCS is at normal pressure. The
passive injection systems and the low head system also provide no flow at
normal RCS pressure.

Results and Conclusions of Accidental Depressurization of Main Steam System

The assumed steam release is typical of the capacity of any single steam dump
relief or safety valve. The boric acid solution provides sufficient negative
reactivity to maintain the reactor well below criticality. The cooldown for
this case is more rapid than the case of steam release from all steam generators
through one steam dump, relief, or safety valve. The transient is quite conserv-
ative with respect to cooldown, since no credit is taken for the energy stored
in the system metal other than that of the fuel elements or the energy stored

in the steam generators. Since the transient occurs over a period of about

five minutes, the neglected stored energy is likely to have a significant ef-
fect in slowing the cooldown. The analysis shows that after reactor trip,
assuming a stuck rod cluster control assembly, with offsite power available,

and assuming a single failure in the ESF, there will be no consequential

damage to the core or RCS.

Loss of Reactor Coolant from Small Ruptured Pipes or from Cracks in Large Pipes
Which Actuate Emergency Core Cooling System

A loss of coolant accident is defined as a rupture of the Reactor Coolant Sys-
tem piping or of any line connected to the system. Ruptures of small cross
section will cause expulsion of the coolant at a rate which can be accommodated
by the charging pumps. For such a break the charging pumps would maintain an
operational water level in the pressurizer permitting the operator to execute
an orderly shutdown.

The maximum break size for which the normal makeup system can maintain the pres-
surizer level is obtained by comparing the calculated flow from the RCS through
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1. The calculated peak fuel element clad temperature provides margin to the
requirement of 2200°F.

2. The amount of fuel element cladding that reacts chemically with water or
steam does not exceed 1 percent of the total amount of Zircaloy in the
reactor.

3. The clad temperature transient is terminated at a time when the core
geometry is still amenable to cooling. The cladding oxidation limits of
17 percent are not exceeded during or after quenching.

4, The core temperature is reduced and decay heat is removed for an extended
period of time, as required by the long-lived radioactivity remaining in
the core.

Major Secondary System Pipe Rupture

The steam release arising from a rupture of a main steam pipe would result in
energy removal from the RCS causing a reduction of coolant temperature and pres-
sure. In the presence of a negative moderator temperature coefficient, the cool-
down results in a reduction of core shutdown margin. There is an increased pos-
sibility that the core will become critical and return to power. A return of
power following a steam pipe rupture is a potential problem. The core is ulti-
mately shut down by the boric acid injection delivered by the Safety Injection
System.

Minimum capability for injection of the boric acid (2,000 ppm) solution is
assumed corresponding to the most restrictive single failure in the safety
injection system.

The actual modeling of the Safety Injection System in MARVEL is described in
WCAP-7909. The calculated transient delivery times for the borated water are
listed in Table 15.1.2-1. In all cases, 2,000 ppm safety injection from the
RWST is preceded by the 2000 ppm boron, which is swept from the lines.

For the cases where offsite power is assumed, the sequence nf events in the
Safety Injection System is the following: After the generation of the safety
injection signal (appropriate delays for instrumentation, logic, and signal
transport included), the appropriate valves begin to operate and the high head
safety injection pump starts. In 12 seconds, the valves are assumed to be in
their final position and the pump is assumed to be at full speed. This delay,
described above, is inherently included in the modeling.

In cases where offsite power is not available, an additional 12 second delay
is assumed to start the diesels and to load the necessary safety injection
equipment onto them.

Results and Conclusions of Major Secondary System Pipe Rupture

The analysis has shown that assuming a stuck RCCA with or without offsite power,
and assuming a single failure in the engineered safeguards the core remains in
place and intact. Radiation doses will not exceed 10CFR100 guidelines.

6.3-21
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CNS

Upper Head Injection Test Line Pressure

A local pressure indicator is provided to monitor pressure in the test line
when the injection line check valves are tested for back leakage during plant
startup.

SIS Test Line Pressure

Pressure in this line is measured by a locally mounted pressure indicator.

Residual Heat Removal Pump Discharge Pressure

Residual heat removal discharge pressure for each pump is indicated in the
control room. A high pressure alarm is actuated by each channel.

6.3.5.3 Flow Indication

Charging Pump Injection Flow

Total charging pump injection flow is measured by a meter mounted in the common
4" injection header between the charging pump discharge and the individual
cold leg injection lines. Readout is provided on the main control board.

Safety Injection Pump Header Flow

Flow through the safety injection pump header is indicated in the ccatrol
room.

Residual Heat Removal Return Line Flow

Flow through each residual heat removal injection and recirculatioan header
leading to the reactor cold legs is indicated in the control room. This
instrumentation also controls total RHR flow during cooldown.

SIS Test Line Flow

Local indication of safety injection test line flow is provided.

Residual Heat Removal Hot Leg Injection Flow

The return flow from the residual heat removal loop to the reactor hot legs is
indicated in the control room.

Safety Injection Pump Minimum Flow

A flow indicator is installed in the safety injection pump minimum flow line.

Residual Heat Removal Pump Minimum Flow

A flowmeter installed in each residual heat removal pump discharge header
provides control for the valve located in the pump minimum flow Iline.
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Table 6.3.2-1 (Page 4)

Emergency Core Cocling System

Component Parameter

Upper Head Injection Accumulators

Number: gas filled
liquid filled

Design pressure, psig

Design temperature, °F

Operating temperature, °F

Minimum temperature for pressurization, °F

Nominal operating pressure, psia

Minimum operating pressure, psia

Total volume, ft3 (nominal)

Boron concentration in liquid filled tank,.ppm;
max imum
minimum

Gas in gas filled tank

Upper Head Injection Surge Tank

Number

Design pressure, psig
Design temperature, °F
Operating temperatures, °F
Nominal pressure, psia

Useable volume, ft3

Total volume, ft® approx.

—

1800
300
70-100
60
1250
1200
1800
2100
1900

Nitrogen

1800
300
70~-100
1009
35

55

Rev. 11




04490.108

Function

Cold Leg Accumu-
lator Isolation
Valves

NI Pump Suction
from FwWST

ND Suction
from FWST

ND Pump Dis-
charge to CCP
(NI Pump)
Suction

Valve 1.D.

INIS4A
INI65B
INI76A
INI8sB

INI1008
INT103A
INI1258

1FW27A
(1FW558)

IND28A
(1FW558)

fable 6.3.2-3 (Page 1)

Motor Operated Isolation Valves In ECCS

interlocks

Cannot be opened unless

the following are closed.

Sump valve INI185A
(INI184B), auxiliary
spray valve INS43A
(INS38B), ND discharge
to CCP (NI Pump) suction
valve IND28A (1INI136B)
and NS pump suction from
containment sump valve
INS18A (INSI1B).

Cannot be opened

unless NI pump mini-
flow isolated (valves
INI115 and INI144A, or
INI147B closed) ND to NC

Automatic
Features

Opens (if closed) on S.
Opens (if closed) on NC
pressure greater than
P-11. Power to valve
operator removed during
plant normal power
operation

None. Power to valve
INI100B operator re-
moved during plant
normal power operation

Valve closes when

valve INI185A (INI184B)
reaches its full open
position.

Position
Indication

MCB

MCB

MCB

MCB

Alarms

Yes-0Out of Position

Yes-Out of Position

Yes-Out of Position

Yes-0ut of Position

Rev.

11
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ECCS
Operation Phase

Injection - cold

Component tallure Mode

b. tails
Closed

legs of RC loops.

IABLE 6.3.2-5 (Page 3)

*tffrect on System Operation

b. Failure resulls in an
insufficient fluid flow
through RHR pump A
for a small LOCA or
steam |line break result-

ing in possible pump

**Failure Detection Method Remarks

b. Valve position indica-
tion (closed Lo open
position change) at MCB.
RHR pump return line to
cold legs flow indication
(INDP5190) at MCB.

8. Residual heat Fails to Injection - cold
removal pump A deliver working legs of RC loops.
(Pump B fluid
analogous)

damage. 11 pump becomes
inoperative, minimum flow
requirements for LHSI
will be met by RHR

pump B delivering work-
ing fluid to RCS.

Failure reduces redundancy
of providing emergency
coolant to the RCS from the
RWST at low RCS pressure
Fluid flow from RHR pump

A will be lost.  Minimum
flow regquirements for LHSI]
will be met by RHR pump B
delivering working fluid.

RHR pump return line to
cold legs flow indication
(INDP5190) and low flow
alarm at MCB.  RHR pump
discharge pressure ( INDP-
5090) at MCB.  Open pump
switchgear circuit breaker
indication at MCB. Cir-
cuit breaker close posi-
tion monitor light for
yroup monitoring of com-
ponents at MCB.  Common
Lreaker Lrip alarm at MCB.

Ihe RHR pump 15
sized to deliver
reactor coolant
through the RHR
heat exchanger to
meet plant cooldown
and startup opera-
tions. The pump
circuit breaker is
aligned to close on
actuation by an

"5" signal



| 10

J1L.

Component

Satety Injec-
tion pump A,
(Pump B
analogous)

Motor operated
gate valve
INILIBSA (INI-
1848 analogous)

Motor operated
gate valve
1FW27A (1Fwh58
analogous )

Failure Mode

Fails to
deliver working
fluid.

Fails to open
on demand.

Fails to close
on demand.

ECCS
Operation Phase

Injection - cold

legs of RC loops.

Recirculation -
cold legs of RC

loops.

Recirculation -
cold legs ot RC
loops.

TABLE 6.3.2-5 (Page 4)

*Effect on System Tperation

Failure reduces redundancy
of providing emergency
coolant to the RCS from the
RWST at high RCS pressure
(1520 psi).  Fluid flow
from 51 pump A will at MCB.
be lost. Minimum flow re-
quirements for HHSI will be
met by SI pump B de-
livering working fluid.

Failure reduces redundancy
of providing fluid from the
Containment Sump to Lhe RCS
during recirculation. RHR
pump A will not provide
recirculation flow. Minimum
LHSI flow requirements will
be met through opening of
isolation valve INI184B and
recirculation of fluid by
RHR pump B.

Failure reduces redundancy
of providing flow 1solation

of Containment Sump from RWST.

No effect on safety for
system operation

Check valve
1FW28 provides backup isolation.

**Failure Detection Method

SI pumps discharge pressure
(INIP5440) at MCB. SI pump
discharge flow (INIP5350) at
MCB.  Open pump swilchgear
circuit breaker indication
Circuit breaker

close position monitor
light and alarm for group
monitoring of components

at MCB. Common breaker
trip alarm at MCB.

Same methods of detection
as those stated for item #2.
In addition failure may be
detected through monitoring
of RHR pump return line to
cold legs flow indication
(INDP5190) and RHR pump dis-
charge pressure (INDP5090)
at MCB.

Same methods of detectlion
as those stated for item #1.

Remarks

Pump circuit breacer
aligned to close on

actuation by an “S"

signal.

Valve 1s actuated to
open by "S" signal

in coincidence with
“Low-Low Level" RwSI
signal. Valve is
elactrically interlocked
from being opened from
MCB by isolation valves
1FW27A, INDZA and IND1B.

Valve automatically close.
when INDIBS5A is fully open
and MCB switch 1s in "aulu
position. Valve is elect
trically interlocked with
isolation valves IND2BA,
INLIBSA, INS43A, and INSiH
It may not be remotely
opened from MCB unless
these valves are closed.

Rev. 11
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| 14

Component

Motor operated
gate vaive
IND3IZA (INDESE

analogous)

Motor operated
globe valve
INI 1478

Motor operated
globe valve
INILTISA (INI144A
ana logous)

Failure Mode

tails to close
o demand.

Fails to close
on demand.

Fails to close
on demand.

ECCS
Operation Phase

Recirculation -
cold legs of RC
loops.

Recirculation -
cold legs of RC

loops.

Recirculation -
cold legs of RC
loops.

IABLE 6.3.2-5 (Page 5)

*Effect on System Operation

Failure reduces redundancy
of providing RHR pump
train separation for re-

circulation of fluid to cold

legs of RCS. No effect on

safety for system operation.
Valve IND65B provides backup

isalation for LHSI/RHR pump
train separation.

Failure reduces redundancy
of providing isolation of
ST pump's miniflow

line isolation from RWSI.
No effect on safety for |
system operation. Valve
(INIL15A and INI144A) in
each pump's miniflow line
provide backup isolation.

Failure reduces redundancy
of providing isolation of
SI pump A miniflow
isolation from RWST. No
efftect on safely for system

operatiou. Valve INII4/B in
common miniflow line provides

backup isolation.

**Failure Detection Method

Same methods of detection

as those stated for item #1.

Same melhods of detection

as those stated for item #1.

Same methods of detection
as those stated for item #1

Remarks

Valve is electrically
interlocked with isola-
Lion valves INDZBA and
INII36B. It may not be
opened unless these valves
are closed.

Same remark as that
stated for item #16.

Rev. 11
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I 21

I 15

Moter operated
gate valve
JLIRTEY ]

Motor operated
gate valve
INV2S2A
(INv2538

ana logous )

Residual heat
removal pusp
A (pump B
ana logous )

Safety injection

pump A, (pump 8
ana logous )

Failure Mode

Fails to close
on demand.

fFails te close
on demand

fails to deliver
working fluia

Fails to deliver
working fluid

ECCs
Operation Phase
Recirculation -
cold legs of RC
loops .

Recirculation -
cold legs of RC
loaps .

Recirculation -
cold legs of RC
loop: .

Recirculation -

cold or hot leys

of RC loops.

TABLE 6.3 2-5 (Page 7)

*Effect on System Operation

Failure reduces redundancy
of providing fiow isolation
of SI pump suction from
RWSI. No effect on safely
for system operalion. C(heck
valve INI1O1 provides backup
isolation.

Failure reduces redundancy
of providing flow isclation
of suction of CCP's

from RWSI. No effect on
safety for system operation.
Check valve INV254 provides
backup iselation.

Failure reduces redundancy
of providing recirculation
of coolant to the RCS from
the Containment Sump Fluid
flow from RHR pump A

will be lost. Minimum re-
circulation flow requirements
for LHSI flow will be met by
RHR pump B delivering
working fluid

Fallure reduces redundancy
of providing recirculation
of coolant to the RCS from
the Containment Sump to cold
legs of RC loops via RHR and
S1 pumps.  Fluid flow from
SI pusp A will be lost.

Minimum recirculation flow re-

quirements for HHSL flow wiil
be met by S1 pump B de-
livering working fluid

**failure Detection Method

Same melhods of detection
as those stated for item #1.

Same methods of detection
as Lhose state previously
for failure of item during
injection phase of ECCS
operat * om

Same melhods of detection
as those stated previously
for failure of item during
injection phase of ECCS
operalion.

Same methods of detection
a5 those stated previously
for failure of item during
injection phase of £ECCS
operation




) 22

j 23

| 24

} 25

Motor operated

gate valve
INLL73A

Motor opesaled

gate valve
IND322

Molor operatled

gate valve
INl 1838

Motor operated

gate valve
INi 1788

Faitlure Mude

fFails te close
on Jemand

Fails te open
on demand.

fails Lo open
on demand

Fails te close
on demand

ECCs
Operation Phase

Recirculation -
hot legs of RC
looups

Recirculation -
hot legs of RC
toops

Recirculation -
et legs of RC
loops .

Recirculation -
hot legs of RC
loops

TABLE 6.3.2-5 (Page 8)

*tffect on System Operation

Fatlure retices redundancy

of providing recirculation
of coolant from Lhe Con-
tainment Sump Lo het

legs of RC loops. Fluid flow
from RHR pump A will
continue to flow to cold legs
of RC loops. Minimum recircu-
lation flow requirements to
hot legs of RC loops will be
met by RHR pump B recir-
culating fluid to RC hot legs
via 51 pumps.

Failure reduces redundancy of
providing recirculation of
coolant from the Containment
Sump Lo the hot legs of RC
loops. Minimum flow require-
ments will be met by RHR

B recirculating fluid to RC
hot legs via SI pumps.

Same effect on sys’em opera-
tion as that stated for ilem
26

fFailure reduces redundancy of
providing recirculation of
coolant from Lthe Containment
Sump to hot leys of RC loops.
Fluid flow from RHR pump B will
continue to flow to cold legs
of loops. Minimum recircu-
lation flow requirements to
hot legs of RC loops will be
mel Ly RHR pump A recir-
culating fluid to RC hot legs.

**tailure Detaction Method Remarks

Same methods of detection
as those stated for item #1.

Valve position indication
(closed to open position
change) at MCB. Valve close
position monitor light and
alarm for group monitoring
of components at MCB. In
addition, RHR pump discharge
pressure (INDPS090) at MCB.

Same methods of detection as

those stated for item #2. In
addition, RHR pump discharge

pressure (INDPS090) at MCB.

Same methods of detection as
those stated for item #1.




Component Failure Mode

' 26. Motor operated fFails to close
gate valve on demand.
INI11BA
(INI1508 analogous)

| 27. Motor operated Fails to open
gate valve on demand.
INII21A (INILSZ2B
analogous)

Fails to close
on demand.

28. Motor operated
|
gate valve
INI162A

ECCS
Operation Phase

Recirculation -
hot legs of RC
loops.

Recirculation -
hot legs of RC
loops.

Recirculation -
hot legs of RC
loops.

TABLE 6.3.2-5 (Page 9)

*Effect on System Operation **failure Detection Method Remarks

Same methods of detection as
those stated for item #1.

Failure reduces redundancy
of providing flow isolation
of SI pump flow to cold

legs of RC loops. No effect
on safety for system opera-
tion. Valve INI162A provides
backup isolation against flow
to cold legs of RC loops. If
loss of train “A" power, see
item 24.

failure reduces redundancy of
providing recirculation of
coolant to the hot legs of

RCS from the Containment Sump
via SI pumps. Minimum
ecirculation flow require-
ments to hot legs of RC loops
will be met by RHR pamp A
recirculating fluid from
Containment Sump to hot legs
of RC loops and SI pump B
recirculating fluid to hot legs
A and D of RC loops through the
opening of isolation valve
INI1528.

Same methods of detection as
those stated for item #2. In
additicn, SI pumg uischarge
pressure (INIP5440) and flow
(INIP5450) at M(S

Same method of detection as
that stated for item #)

Failure reduces redundancy of
providing flow isolation of

S1 pump flow to cold

legs of RC loops. No effect
on safety for system opera-
tion. Valves INIi1BA and
INI150B 10 cross-tie line
between HiIS1/S1 pumps pro-
vides backup isclation acainst
flow to cold legs of RC loups.
If loss of train "A" power, see
item 24

Rev. 11




| 29.

I 30

|31

Component

Residual heat
removal pump
A (Pump B
analogous )

dydraulic
cylinder operated
gate valve
INI242B (INI243A
ana logous )

Hydraulic
cylinder operated
gate valve
INI244B (INIZ245A
analogous)

Failure Mode

Fails to deliver
working fluid.

tails to close
on demand.

Fails to close
on demand.

ECCS
Operation Phase

Recirculation -
hot legs of RC
loops.

Injection - upper
head of pressure
vessel.

Injection - upper
head of pressure
vessel.

IABLE 6.3.2-5 (Page 10)

*tffect on System Operation

Failure reduces redundancy
of providing recirculation
of coolant from the Con-
taiment Sump to the hot
legs of RC loops. Fluid
flow from RHR pump A will
be lost. Minimum flow
requirements to hot legs of
RC loop will be met by RHR
pump B recirculating fluid
to RC hot legs via S| pumps.

fFailure reduces Lhe redundan-
cy of isolation valves pro-

vided for UHI accumulator tank

discharge line "A" to block
flow of N from the tank to
the UHI nozzles of the RV
after the injection of
water to the RV. No effect
on safety for system op-
eration. Alternate isola-
tion valve (INI243A) in the
tank discharge line closes
to provide backup isolation
against the flow of N° to the
RV.

Same effect on system opera-

tion as that stated above for
item #33 except applies to

to UHI accumulator tank dis-

charge line "B“.

**Failure Detection Method

Same method of detection as
that stated previously for
failure of item during in-
jection phase of ECCS opera-
tion.

Valve position (UHI valve
full closed) monitor light
for group monitoring of
components (containment iso-
lation) at MCB. Valve
position indication (open
to closed position change)
at HSP. Gag motor position
indication (not gagged to
gagged position change) at
HSP.  UHI valve hydraulic
system trouble alarm at MCB.

Same methods of detection as
those stated above for item
#33.

Remarks

Valve is electrically
interlocked with the
instrumentation that
monitors fluid level
(INILS5720) of the UHI
accumulator tank. Valve
is energized to close
upon actuation by a
low water level signal.
Alarm is generated if
valve is closed and
RCS pressure is above
the “SI" unblock valve.

Same remark as that
stated above for item
#33 except fluid level
instrumentation INILS5730
actuates valve to close.

Rev. 11



Table 6.3.2-6 (Page 1)

Single Active Failure Analysis For Emergency Core Cooling System Components

Short Term Phase

Component Malfunction Comment s
3. Pumps
a. Centrifugal charging Faiis to start Two provided, evaluation based on

operation of one.

b. Safety injection Fails to start Two provided, evaluation based on
operation of one.

c: Residual heat rcmoval Fails to start Two provided, evaluation based on
operation of one.

2. Automatically Operated Valves

a. CCP to cold leg injection Fails to open Two parallel lines; one valve in
isolation either line required to open.

b. Residual heat removal pump Fails to open Only one RHR pump required to
suction line from containment meet LPSI flow criteria.
sump

g, Residual heat removal pump Fails to close Switchover sequence allow;
suction line from refueling for failure of one suction
water storage tank line to be isolated.

d. Centrifugal Charging Pumps

i. Suction line from refueling Fails to open Tfwo parallel lines; only one valve
water storage tank in either line required to open.

Rev. 11



Table 6.3.2-7 (Page 1)

Sequence Of Changeover Operation From Injection To Recirculation

Automatic Actions

Al. The containment recirculation sump isolation valves (INI184B and 1NI185A)
open when two out of four Refueling Water Storage Tank (FWST) level in-
struments indicate a FWST level less at or below the Low level setpoint
in conjunction with an "S" signal.

The RHR pump/FWST isolation valves in each pump suction line (1FW27A and
1FW55B) automatically closes when the corresponding containment sump valve
reaches its full open position.

MANUAL ACTIONS

After these automatic actions, which compiete switchover of the RHR pumps to
the containment recirculation sump, the operator performs the following manual
actions to complete the switchover.

Ml.a. Close safety injection pump 1A recirculation line isolation valve
(INI115A).
b. Close safety injection pump 1B recirculation line isolation valve
(INI144B).
Cc. Restore power to the safety injection pumps recirculation header to
FWST isolation valve (1INI1478).
d. Close INI1478B.
|
|

M2.a. Close the RHR Train 1A hot leg injection isolation valve (1ND32A).
b. Close the RHR Train 1B hot leg injection isolation valve (1ND65B).

M3.a. Open the safety injection pump suction crossover from RHR isolation
valve (INI332A).

b. Open the safety injection pump suction crossover from RHR isolation
valve (INI333B).

M4.a. Open the RHR heat exchanger 1A outlet to charging pump suction isola-
| tion valve (IND28A).
b. Open the RHR heat exchanger 1B outlet to safety injection pump 1B
isolation valve (INI136B).

The remaining manual actions required to complete switchover are delayed until
the FWST Low-Low level is reached. At that time, the operator proceeds im-
mediately to step M5. In the iterim period, the operator performs the fol-
lowing nonessential manual actions.

11, Close the safety injection pumps suction from the FWST isolation valve
(INI1008B).
I2. Close the parallel centrifugal charging pumps suction from the FWST

isolation valves (1INV252A, 1INV253B).

Rev. 11



M5.a.
M5.b.

M7.a.

M9.

To
no

oo

a.

Table 6.3.2-7 (Page 2)

Seguence Cf Changeover Operation From Injection To Recirculation

Stop containment spray pump 1A.
Stop containment spray pump 1B.

Open the containment spray heat exchanger 1A inlet isolation valve
(1RN144A).

Open the containment spray heat exchanger 1A outlet isolation valve
(1RN148A).

Close the containment spray pump 1A suction from FWST isclation valve
(1INS20A).

Open the containment spray pump 1A suction from containment sump isola-
tion valve (1INS18A).

Start containment spray pump 1A.

Open the containment spray heat exchanger 1B inlet isolation valve
(1RN225B).

Open the containment spray heat exchanger 1B outlet isolation valve
(1RN229B).

Close the containment spray pump 1B suction from FWST isolatieon valve
(1NS3B).

Open the containment spray pump 1B suction from containment sump isola-
tion valve (1INS1B).

Start containment spray pump 1B.

establish RHR spray, the following steps must be taken and are performed
earlier than 50 minutes post-LOCA.

M10.

M1l.

Ml12.

M13.

Close the RHR header 1A to the RCS cold legs isolation valve (1INI173A).

Open the RHR pump 1A discharge to containment spray header isolation
(1NS43A).

Close the RHR header 1B to RCS cold legs isolation valve (1INI178B).

Open the RHR pump 1B discharge to containment spray header isolation
valve (1NS388B).
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Table 6.3.3-2

Normal Operating Status Of Emergency Core Cooling
System Components For Core Cooling

Number of Safety Injection Pumps Operable
Number of Charging Pumps Operable

Number of Residual Heat Removal Pumps Operable

Number of Residual Heat Exchangers Operable 2

Refueling Water Storage Tank Volume, gal (minimum) 350,000

Boron Concentration in Refueling Water Storage Tanks,
Minimum, ppm 2,000

Boron Concentration in Accumulator, minimum, ppm 1,900
Number of Cold Leg Injection Accumulators a

| Minimum Accumulator Pressure, psia 406
Nominal Accumulator Water Volume, ft3 1050

System Valves, Interlocks, and Piping Required for
the Above Components which are Operable All

Number of UHI Accumulators: Water filled
Gas filled

e

| Nominal UHI Accumulator Pressure, psia 1250



7.2 REACTOR TRIP SYSTEM

7.2.1 DESCRIPTION

F - i System Description

The Reactor Trip System automatically keeps the reactor operating within a

safe region by shutting down the reactor whenever the limits of the region are
approached. The safe operating region is defined by several considerations such
as mechanical/hydraulic limitations on equipment and heat transfer phenomena.
Therefore the Reactor Trip System keeps surveillance on process variables which
are directly related to equipment mechanical limitations, such as pressure, pres-
surizer water level (to prevent water discharge through safety valves, and un-
covering heaters) and also on variables which directly affect the heat transfer
capability of the reactor (e.g. flow and reactor coolant temperatures). Still
other parameters utilized in the Reactor Trip System are calculated from various
process variables. In any event, whenever a direct process or calculated vari-
able exceeds a setpoint the reactor will be shutdown in order to protect against
either gross damage to fuel cladding or loss of system integrity which could lead
to release of radioactive fission products into the containment.

The following systems make up the Reactor Trip System (see References 1, 2, and
3 for additional background information.)

Process Instrumentation and Control System.
Nuclear Instrumentation System.

Solid State Logic Protection System.

S W N -

Reactor Trip Switchgear.
5. Manual Actuation Circuit.

The Reactor Trip System consists of sensors which, when connected with analog
circuitry consisting of two to four redundant channels, monitor various

plant parameters; and digital circuitry, consisting of two redundant logic
trains, which receives inputs from the analog protection channels to complete
the logic necessary to automatically open the reactor trip breakers.

Each of the two logic trains, A and B, is capable of opening a separate and in-
dependent reactor trip breaker, RTA and RTB, respectively. The trip breakers
in series connect three-phase ac power from the rod drive motor-generator sets
to the rod drive power cabinets, as shown on Figure 7.2.1-1, Sheet 2. During
plant power operation, a dc undervoltage coil on each reactor trip breaker
holds a trip plunger out against its spring, allowing the power to be available
at the rod control power supply cabinets. For reactor trip, a loss of dc volt-
age to the undervoltage coil releases the trip plunger and trips open the
breaker. Additionally the shunt trip coil is energized to independently trip
open the breaker. When either of the trip breakers opens, power is interrupted
to the rod drive power supply, and the control rods fall, by gravity, into the
core. The rods cannot be withdrawn until the trip breakers are manually reset.

1 Rev. 11
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The trip breakers cannot be reset until the ahnormal condition which initiated
the trip is corrected. Bypass breakers BYA and BYB are provided to permit
testing of the trip breakers, as discussed in Section 7.2.2.2.3.

r o T Functional Performance Requirements
The Reactor Trip System automatically initiates reactor trip:

1.  Whenever necessary to prevent fuel damage for an anticipated operational
transient (Condition II),

- To limit core damage for infrequent faults (Condition III),

3 So that the energy generated in the core is compatible with the design
provisions to protect the reactor coolant pressure boundary for limiting
fault conditions (Condition IV).

The Reactor Trip System initiates a turbine trip signal whenever reactor trip is
initiated to prevent the reactivity insertion that would otherwise result from
excessive reactor system cooldown and to avoid unneccessary actuation of the
Engineered Safety Features Actuation System.

The Reactor Trip System provides for manual initiation of reactor trip by ope-
rator action.

Peas kv i Reactor Trips

The various reactor trip circuits automatically open the reactor trip breakers
whenever a condition monitored by the Reactor Trip System reaches a preset level.
To ensure a reliable system, high quality design, components, manufacturing,
quality control, and testing are used. In addition to redundant channels and
trains, the design approach provides a Reactor Trip System which monitors
numerous system variables, therefore providing protection system functional
diversity. The extent of this diversity has been evaluated for a wide variety
of postulated accidents.

Table 7.2.1-1 provides a list of reactor trips which are described below.
1. Nuclear Overpower Trips

The specific trip functions generated are as follows:

a. Power range high neutron flux trip.

The power range high neutron flux trip circuit trips the reactor
when two of the four power range channels exceed the trip setpoint.

There are two bistables, each with its own trip setting used for a

high and low range trip setting. The high trip setting provides
protection during normal power operation and is always active. The Tow
trip setting, which provides protection during startup, can be manually
bypassed when two out of the four power range channels read above
approximately 10 percent power (P-10). Three out of the four channels
below 10 percent automatically reinstates the trip function. Refer to
Table 7.2.1-2 for a listing of all protection system interlocks.

7.2-2 Rev. 11
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Intermediate range high neutron flux trip

The intermediate range high neutron flux trip circuit trips the reactor
when one out of the two intermediate range channels exceed tie trip
setpoint. This trip, which provides protection during reactor startup,
can be manually blocked if two out of four power range channels are
above approximately 10 percent power (P-10). Three out of the four
power range channels below this value automatically reinstates the
intermediate range high neutron flux trip. The intermediate range
channels can be individually bypassed at the nuclear instrumentation
racks to permit channel testing during plant shutdown or prior to
startup. This bypass action is annunciated on the control board.

Souq;e range high neutron flux trip

The source range high neutron flux trip circuit trips the reactor
when one of the two source range channels exceeds the trip setpoint.
This trip, which provides protection during reactor startup and plant
shutdown, can be manually bypassed when one of the two intermediate
range channels reads above the P-6 setpoint value and is automatically
reinstated when both intermediate range channels decrease below the
P-6 setpoint value. This trip is also automatically bypassed by two-
out-of-four logic from the power range protection interlock (P-10).
This trip function can also be reinstated below P-10 by an admini-
strative action requiring manual actuation of two control board mounted
switches. Each switch will reinstate the trip function in one of the
two protection logic trains. The source range trip point is set be-
tween the P-6 setpoint (source range cutoff power level) and the
maximum cource range power level. The channels can be individually
bypassed at the nuclear instrumentation racks to permit channel
testing during plant shutdown or prior to startup. This bypass

action is annunciated on the control board.

Power range high positive neutron flux rate trip

This circuit trips the reactor when a sudden abnormal increase in
nuclear power occurs in two out of four power range channels. This
rip . rod ejection accidents of low

worth from mid-power and is always active.

Power range high negative neutron flux rate trip

This circuit trips the reactor when a sudden abnormal decrease in
nuclear power occurs in two out of four power range channels. This
trip provides protection against two or more dropped rods and is
always active. Protection against one dropped rod is not required
to prevent occurence of DNBR per Section 15.2.2.

Figure 7.2.1-1, Sheet 3, shows the logic for all of the nuclear overpower
and rate trips.

7.2-3
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Automatic protection is provided in case the spuirious high level reduces feed-
water flow sufficiently to cause low-low level in the steam generator. Auto-
matic protection is also provided ‘n case the spurious low level signal increases
feedwater flow sufficiently to cause high level in the steam generator. A
turbine trip and feedwater isolation would occur on two-out-of-four high-high
steam generator water level in any loop.

T.2.2.4 Additional Postulated Accidents

Loss of plant instrument air or loss of component cooling water is discussed
in Section 7.3.2.3. Load rejection and turbine trip are discussed in further
detail in Section 10.2.2.

The control interlocks, called rod stops, that are provided to prevent abnormal
power conditions which could result from excessive control rod withdrawal are
discussed in Section 7.7.1.4.1 and listed on Table 7.7.1-1. Excessively high
power operation (which is prevented by blocking of automatic rod withdrawal),
if allowed to continue, might lead to safety limit (as given in Chapter 16)
being reached. Before such a limit is reached, protection will be available
from the Reactor Trip System. At the power levels of the rod block setpoints,
safety limits have not been reached; and therefore these rod withdrawal stops
do not come under the scope of safety-related system, and are considered as
control systems.

7.5.3 TESTS AND INSPECTIONS

The Reactor Trip System meets the testing requirements of IEEE 338-1971, as
discussed in Section 7.1.2.4. The testability of the system is discussed in
Section 7.2.2.2.3. The initial test intervals are specified in Chapter 16.
Written test procedures and documentation, conforming to the requirements of
IEEE 338-1971, will be available for audit by responsible personnel. Periodic
testing complies with Regulatory Guide 1.22 as discussed in Sections 7.1.2.4 and
Tl Beds




The redundancy concept is applied to both the analog and logic portions of the
system. Separation of redundant analog channels begins at the process sensors
and is maintained in the field wiring, containment vessel penetrations and
analeg protection racks terminating at the redundant safeguards logic racks.
The design meets the requirements of Criteria 20, 21, 22, 23 and 24 of the 1971
GDC.

The variables are sensed by the analog circuitry as discussed in Reference 1

and in Section 7.2. The outputs from the analog channels are combined into
actuation logic as shown on Figure 7.2.1-1, Sheets 5,.6, 7 and 8. Tables 7.3.1-1
and 7.3.1-2 give additional information pertaining to logic and function.

The interlocks associated with the Engineered Safety Features Actuation System
are outlined in Table 7.3.1-3. These interlocks satisfy the functional require-
ments discussed in Section 7.1.2.

Manual actuation from the control board for containment isolation Phase A is
provided by operating either the train A or train B containment isolation
Phase A controls. Also on the control board is manual actuation of safety in-
jection by either train A or train B controls and a manual activation of con-
tainment isolation Phase B by either train A or train B controls.

Manual controls are also provided to switch from the injection to the recircu-
lation phase after a loss of coolant accident.

A description of the Ice Condenser System and its associated instrumentation is
given in Chapter 6.

% IS G e | Function Initiation

The specific functions which rely on the Engineered Safety Features Actuation
System for initiation are:

1. A reactor trip, provided one has not already been generated by the Reactor
Trip System.

2. Charging pumps, safety injection pumps, residual heat remeval pumps, and
associated valving which provide emergency makeup water to the cold legs
of the Reactor Coolant System following a loss of coolant accident.

3. Service water pumps which provide cooling water to the component cooling
system heat exchangers and are thus the heat sink for containment cooling.

4. Motor driven auxiliary feedwater pumps.

5. Phase A containment isolation, whose function is to prevent fission pro-
duct release. (Isolation of all lTines not essential to reactor protection.)

6. Steam line isolation to prevent the continuous, uncontrolled blowdown of
more than one steam generator and thereby uncontrolled Reactor Coolant
System cooldown.
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7. Main feedwater line isolation as required to prevent or mitigate the
effect of excessive coolidown.

8. Start the emergency diesels to assure backup supply of power to emer-
gency and supportiing systems components.

9. Annulus Ventilation System actuation to maintain a negative pressure in
the Annulus.

10. Containment spray actuation which performs the following functions:

1CSB a. Initiates containment air return fans (after time delay) and con-

Q110 tainment spray to reduce containment pressure and temperature fol-
lowing a loss of coolant or steamline break accident inside of
containment.

b. Initiates Phase B containment isolation which isolates the contain-
ment following a loss of reactor coolant accident or a steam or
feedwater 1ine break within containment to limit radicactive releases.
(Phase B isolation together with Phase A isolation results in isola-
tion of all but safety injection and spray lines penetrating the con-
tainment. )

11. The Auxiliary Building Ventilation System, the Control Room Area Ventila-
tion System, and the Diesel Building Ventilatinn System actuate to the
following safety modes.

a. The Auxiliary Building Ventilation System aligns to the filtered
1CSB exhaust mode to maintain the emergency core cooling system pump
Q97 rooms at a negative pressure.

b. Diesel Building Ventilation System actuates to maintain proper
ventilation of the Diesel Building for Equipment operation.

c. Control Room Area Ventilation System actuates to maintain the
environment in the control room, control room area, and switch=-
gear rooms within acceptable limits for equipment operation and
post-accident habitability.

7.3.1.1.2 Analog Circuitry

The process analog sensors and racks for the Engineered Safety Features Actuation
System are covered in Reference 1. Discussed in this report are the parameters
to be measured including pressures, flows, tank and vessel water levels, and
temperatures as well as the measurement and signal transmission considerations.
These latter considerations include the transmitters, orifices and flow elements,
resistance temperature detectors, as well as automatic calculations, signal con-
ditioning, and location and mounting of the devices.
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TABLE 7.3.1-2

INSTRUMENT OPERATING CONDITIONS FOR ISOLATION FUNCTIONS

FUNCTIONAL UNIT

1. CONTAINMENT ISOLATION

Automatic Safety
Injection (Phase A)

Containment Pressure
(Phase B)

Manual
Phase A

Phase 8

2.  STEAM LINE ISOLATION

d.

High Steam Negative
Pressure Rate

Containment Pressure
(High=High)

Safety Injection
(Low steam line
pressure)

Manual

3. FEEDWATER LINE ISOLATION

b.

Safety Injection

Steam Generator
High=High level
2/4 on any Steam
Generator

Low Tavg'
interlocked with P4

NO. OF
CHANNELS

NO. OF
CHANNELS
TO

TRIP

See Item No. 1 (b) through (d) of

Table 7.3.1-1

See Item No. 2 (b) of Table 7.3.1-1

2

1

See item No. 2 (a) of Table 7.3.1-1

12 (3/steam line) 2/steam line in
any steam line

See [tem No. 2 (b) of Table 7.3.1-1

See Item No. 1 (c) of Table 7.3.1-1

1/1o0p*

1/1o00p*

See Item No. 1 of Table 7.3.1-1

4/100p

2/100p

See P4 on Table 7.3.1-3

” Additionally, there will be two switches (one for train A and one
for train B) that will actuate all four main steam line fsolation
and bypass valves at the system level.

Rev.
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TABLE 7.3.1-3 (Continued)

Page 2

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Input
P-11 2/3 Pressurizer pressure (a)
(CONT) above setpoint
(b)
(c)
ICSB
Q78
P-12 2/4 chg below setpoint (a)
(b)
3/4 Tavg above setpoint (a)
| P-14 2/4 Steam generator (a)
water level above
setpoint on any
steam generator
(b)
(¢)

Function

Performed

Reinstates automatically
safety injection and steam-
line isolation on low steam-
line pressure and automati-
cally blocks steamline pres-
sure rate

Defeats manual block of
safety injection actuation
and steamline isolation on
low steamline pressure and
defeats steamline isolation
on high steamline negative
pressure rate

Defeats manual block of motor
driven auxiliary feedwater
pumps automatic starting on
2/4 low=low steam generator
level and loss of both main
feedwater pumps as described
in Section 7.4.1.1

Blocks steam dump

Allows manual bypass of steam
dump block for the cooldown
valves only

Defeats the manual bypass of
steam dump bleck

Closes all feedwater control
valves

Trips all main feedwater
pumps which closes the pump
discharge valves

Actuates turbine trip

Rev. 11
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| Typically, the motor control centers on the 600VAC Normal Auxiliary Power
430.5 System are double fed such that if the load center which normally feeds a
motor control center is unav2ilable, a transfer is initiated to the motor co'~
trol center's alternate source. The normal and aiiernate lvad ceiter Break.rs
feeding double ended motor control centers are electrically interlocked to pre=
vent paralleling the two incoming sources. A hot 3 transfer, where the two
incoming sources are momentarily paralleled, can be made if the controls of
both load centers are placed in the manual mode and the two incoming sources
are in-sync.

8.3.1.1.1.6 600VAC Station Normal Auxiliary Power System

The 600VAC Station Normal Auxiliary Power System supplies power to the non-
Class 1E station related loads and station normal motor control centers. This
system is shown on Figure 8.3.1-1.

The 600VAC Station Normal Auxiliary Power System consists of eight load cen-
ters, their associated transformers, and motor control centers. Six of these
load centers are each fed by 1500KVA, 6900/600 volt load center transformers.
The other two load centers are normally fed by separate 2000KVA, 6900/600 volt
load center transformers. These two load centers are also provided with a
standby transformer that serves as an alternate source in the event that one

of the normal load center transformers is out of service. The incoming breakers
for these load centers are electrically interlocked to prevent paralleling two
sources or feeding both load centers simultaneously from the standby trans-
former,

The load centers receiving power through 1500KVA, 6900/600 volt load center
transformers, distribute power to the 600 volt station motor control centers.
Typically, each motor control center is double fed such that if the load
center which normally feeds a motor control center is unavailable, a transfer
is initiated to the alternate source for the motor control center. The normal
and alternate load center breakers feeding double ended motor control centers
Q are electrically interlocked to prevent paralleling the two incoming sources.
430.5 A hot bus transfer, where the two incoming sources are momentarily paralleled,
can be made if the controls of both load centers are placed in the manual mode
and the two incoming sources are in=sync.

5 5217 600VAC Cooling Tower Auxiliary Power System

The 600 volt Cooling Tower Auxiliary Power System supplies power to the cooling
tower fan motors and auxiliaries via the cooling tower motor control centers.
This system for both units is shown on Figure 8.3.1-2.

This 600VAC system is supplied from the 13.8kV Normal Auxiliary Power System
and consists of 18 motor control centers and six 13800/600 volt transformers.
This system is arranged such that each transformer supplies three motor control
centers.
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Regulatory Guide 1.68, Rev. 2, Appendix A, Section 1.g.3.
Regulatory Guide 1.108, Rev. 1, Sections C.2.a and C.2.b.

Regulatory Guide 1.137, Rev. 1, Section C.1l.c.

@® ~N o

ANSI N195 1976, Section 6.1.
B. Periodic Testing:
Tests as described in:
1. IEEE 387-1977, Sections 6.6 & 6.7.
- Catawba Technical Specifications, Section 4.8.1.1.2.

3. Regulatory Guide 1.108, Rev. 1, Sections C.2.a.l1 thru 8, C.2.b,
e.2.6, C.2.4; C.2.0, 8nd C.3.

il i) 125VDC Diesel Control Power

A 125VDC Diesel Essential Auxiliary Power System is provided to supply power
to the diesel generator control panel associated with each diesel generator.
Each system consists of separate battery and battery charger units which are
independent and physically separate between trains. The battery chargers are
fed from 600 volt essential motor control centers and provide the necessary
power for normal bus operation while maintaining the batteries fully charged.
Each battery assumes its system load without interruption upon loss of the
battery charger or ac power failure. A detailed description of the 125VDC
Diesel Essential Auxiliary Power System is presented in Section 8.3.2.1.2.2.

8.3.1.1.4 Design Bases for Class 1lE Motors

Class 1E motors are sized to operate their associated driven load continuously
in accordance with the motors respective speed-torque and brake horsepower
requirements.

The minimum accelerating voltage for Class 1E motors is 80% of motor rated
voltage except for diesel generator auxiliary motors not required during a
loss of coolant accident and Class 1lE motor operators for valves. These
latter two types of motors are designed to start at 90% and 85% of motor
rated voltage, respectively. The diesel generator auxiliary motors which
are rated 90% are listed below:

(1) Diesel generator engine jacket water keep warm pump motor
(2) Diesel generator engine prelube oil pump motor

8.3-17 Rev. 11
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The minimum separation between redundant Class 1E wiring or between Class 1E
and non-Class 1E wiring inside equipment enclosures and with potentials less
than 150 volts is:

1. Six inches of free air space without barriers

2. One inch of free air space (or equivalent thermal insulation) between
the wiring on both sides of a single barrier

3. One inch free air space (or equivalent thermal insulation) between two
barriers (the barriers may be directly adjacent to the wiring or
device)

4, 1/8 inch asbestos or equivalent thermal insulation between two barriers
(the barriers may be directly adjacent to the wiring or device)

Barriers extend beyond the wiring to the extent that the straight line, free
air distance between redundant wiring is a minimum of six inches.

Where wiring is completely surrounded by a single barrier (e.g. conduit, etc.),
the minimum separation between that barrier and the external wiring is:

; 8 Two inches of free air space (or equivalent thermal insulation) for
separation of redundant Class 1lE wiring.

- One inch of free air space (or equivalent thermal insulation) for
separation of Class 1E and non-class 1lE wiring.

Physical separation and isolation devices are used to eliminate the need for
associated circuits. If a circuit is used for a non-Class 1lE function and
is 1) connected to a Class 1E power supply or 2) connected to a Class 1E
device and physical separation from Class 1lE circuits cannot be maintained,
the circuit is treated as Class 1E up to and including an isolation device.
The portion of the circuit that is on the Class 1lE side of the isolation
device is identified as Class 1lE and routed only in Class 1lE raceways. The
portion of the circuit on the non-Class 1lE side of the isolation device is
routed only with non-Class 1lE cables.

The only device acceptable as a power circuit isolation device is one that is
automatically tripped by an accident signal generated within the same train or
one that is tagged/locked open.

Electrical circuits enter the containment through penetration assemblies
which are provided with integral connectors (qualification information per-
taining to electrical penetrations is provided in Section 3.11.2.1.5). The
cables associated with Train A circuits are routed through penetrations which
contain no Train B circuits, and vice-versa. The minimum separation between
penetrations carrying mutually redundant circuits is five feet in all direc-
tions. The minimum separation between Class 1lE and non Class 1E penetrations
is one foot six inches.
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Additionally, cable insulations are applied very conservatively. The following
guidelines are used in applying cable insulation ratings to various station
applications.

Cable Insulation Rating Application Rating

15,000 volt 13800 volt power cable
8,000 voit 6600 volt power cable
8,000 volt 4160 voit power cable

2,000 volt 600 volt power cable
1,000 volt Low voltage power and control
cable
600 volt 208/120 volt lighting cable
300 volt 120 volt ac and 125 volt dc

instrumentation cable

8.3.1.5.2 Cable Tray Fill Criteria

The cable tray fill criterion for those trays containing power cables allows
only one single layer of power cables to be rcuted in any tray, and, in general,
separation of one-quarter the diameter of the larger cable is maintained between
adjacent power cables within a tray. The cable spacing may vary between tie-
down points due to cable snaking or cables entering/exiting a tray;, however,

if cables touch, the contact is limited to approximately two feet.

The cable tray fill criterion for those trays containing instrumentation and
control cables is that the crosc<-sectional area of these cables will not exceed
the usable cross-sectional arca of the tray.

8.3.2 DC POWER SYSTEMS

8.3.2.1 System Descriptions

The following sections describe the DC Power Systems for Catawba Unit 1.
Unit 2 is similar.

83231 Non-Class 1E DC Power Systems
8.3.2.1.1.1 125VDC Auxiliary Control Power System

The 125VDC Auxiliary Contrul Power System consists of two 125 volt batteries,
two normal and one standby »attery charger, and two 125 volt dc distribution
centers. The system is div ded into two trains which supply dc power to the
non=Class 1E instrumentatior and controls, the operator-aid computer power
inverter, and the 125VDC-12(VAC auxiliary control power inverters. The 125
VOC Auxiliary Control Power System is shown on Figure 8.3.2-1.
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5. The following indication is provided locally on the 125 volt dc load group
equipment:

a. Vital instrumentation and control dc distribution center bus voltage
b. Battery leg-to-ground voltage
-8 Battery charger output current and voltage

6. Indication of the load group vital instrumentation and control dc distri-
bution center bus voltage is provided in the control room.

8.3.2.1.2.2 125VDC Diesel Essential Auxiliary Power System

The 125VDC Diesel Essential Auxiliary Power System provides a separate and
independent train of 125 volt dc power to each diesel generator. Each train
consists of a 125VDC battery and a battery charger powered from its associated
train of 600 volt essential auxiliary power. The 125VDC Diesel Essential
Auxiliary Power System is shown in Figure 8.3.2-5.

Each battery charger normally supplies ‘ts associated diesel generator control
panel loads while maintaining a floa. .narge on its associated battery. A
fuel oil booster pump motor may be connected to the system for maintenance
purposes; however, it will be disconnected during normal operation. Each
diesel battery is available to assume its associated loads upon the loss of
its battery charger or ac power source.

Each diesel generator control panel supplies the auxiliaries of its associated
diesel generator and also supplies an auctioneering diode assembly which serves
as one of the power sources to a 125VDC vital Instrumentation and Control Power
System distribution center as described in Section 8.3.2.1.2.1 3.

Each of the two load groups of the 125VDC Diesel Essential Auxiliary Power
System are provided with the following status indications:

1. A 125 volt DC essential power train trouble annunciator is provided
: in the control room for each train and is initiated by any of the
following load group conditions:

Battery charger output circuit breaker open
Battery circuit breaker open

Battery charger output voltage low

Battery charger output voltage high

Loss of AC input to battery charger

Battery positive or negative leg ground
Battery undervoltage

Auctioneering diode assembly input voltage low
Diesel generator control panel undervoltage

- TJTO P aoanN0Ow

Indication of the specific condition that initiated the 125VDC train trouble
alarm is provided on a local alarm module near the 125VDC diesel essential
auxiliary power equipment.
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9.1.3 SPENT FUEL POOL COOLING AND PURIFICATION

The Spent Fuel Pool Cooling System (KF) is designed to remove heat from the
spent fuel pool and maintain the purity and optical clarity of the pool water
during fuel handling operations. The purification loop provides an alternate
means for removing impurities from either the refueling cavity/transfer canal
wl:or]?uring refueling or the refueling water storage tank water following
refueling.

9.1.3.1 Design Bases

KF System design parameters are given in Table 9.1.3-1.
9.1.3.1.1 Spent Fuel Pool Cooling

An identical KF System with two trains is provided for each unit. They are
designed to remove the decay heat from the spent fuel assemblies stored in the
pool. The KF System will maintain: .

1. Pool wate~ temperature less than 140°F with one cooling train operating
assuming a "nominal" heat load of 17.0 x 10° Btu/hr. "Nominal" heat load
is 1/3 core with full irradiation and 7 days decay, one full core of open
spaces, and the remainder of the pool filled with fully irradiated fue!
from previous yearly refuelings.

2. Pool water temperature less than 150°F with two coolinq trains operating
assuming a "maximum" heat load of 39.0 x 10° Btu/hr. "Maximum" heat load
fs a full core discharge consisting of 1/3 core irradiated 11 days and
decayed 7 days, 1/3 core irradiated two full cycles and decayed 7 days;
plus 1/3 core fully irradiated and decayed 25 days with the remainder of
the pool filled with fuel from previous yearly refuelings.

In order to maintain flextbility for the possible use of the fuel pool for
fuel other than from Catawba the KF System also is designed to maintain:

1. Pool water temperature lesc than 140°F with one cooling train operating
assuming a "normal" heat load of 20.6 x 10% Btu/hr.

- & Pool water temperature less than 150°F with two cooling trains operating
assuming a "maximum" heat load of 42.7 x 10°% Btu/hr.

%3.2:1.2 Water Purification

The system demineralizer and filters are designed to maintain adequate purifi-
cation to permit unrestricted access to the spent fuel storage area for plant
personnel, provide means for purifying transfer canal and refueling pool water
during refueling, and provide purification capability for the refueling water
storage tank. The KF System also maintains the optical clarity of the spent
fuel pool water surface by use of the skimmer trough, strainers, and skimmer
filters.
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9.32.%1%1.3 Spent Fuel Pool Dewatering Protection

System piping is arranged so that failure of any pipeline cannot drain the
spent fuel pool below the water level required for radiation shielding. A
water level of ten feet or more above the top of the stored spent fuel assem-
blies is maintained to limit direct gamma dose.

9.1.3.1.4 Spent Fuel Pool Makeup

In order to provide specified shielding and water volumes in the fuel pool
during plant operation, system piping provides makeup capabilities. Borated
makeup water can be supplied to the spent fuel pool from the refueling water
storage tank. Demineralized water can be supplied to the pool by the Reactor
Makeup Water Pumps, and emergency makeup water can be supplied to the pool
from the Nuclear Service Water System., All means of makeup are manually in-
itiated and manually terminated.

9.3.32 S ription

An identical Spent Fuel Cooling System, as shown in Figures §.1.3<1 and 9.1.3-
2, is provided for each unit. The system consists of two cooling loops, one
purification loop, and one skimmer loop.

The fuel pool cooling pumps take suction from the spent fuel pool. These
pumps circulate the water through the cooling loops and the purification loop
in various combinations prior to returning the water to the spent fuel pool.
The spent fuel pool heat load is transferred to the Component Cooling System
by the fuel pool cooling heat exchangers. The fuel pool cooling pre=filter,
demineralizer, and post-filter wiil adequately remove corrosion and fission
products from the spent fuel pool water.

The fuel pool skimmer pump takes suction from the skimmer trough, that collects
water from the spent fue! pool surface. Floating debris is removed by the fuel
pool skimmer strainer and filter. Optically clear water is then discharged below
the pool surface at varfous locations. Discharge throttling valves are provided
for optimizing the spent fuel pool skimmer loop operation.

The Pool Cooling and Purification System fs manually controlled from a local
control panel. High temperature and low liquid level in the fuel pool and
high radiation in the fuel pool area alarms are provided in the Control Room
as per Regulatory Guide 1.13. Also alarmed in the Control Room is high liquid
leve!l in the fuel pool. Local g $ are provided for high differential
pressure across each strainer and filter and low discharge pressure on each
pump .

»ihel Poo! Cooling Subsystem

The cooling subsystem of the Spent Fuel Pool Cooling System is a closed loop
system consisting of two full-capacity pumps and two full-capacity heat ex-
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Table 9.1.3-1 (Page 1)

System Component Design Parameters

SPENT FUEL POOL COOLING & MAINTENANCE EQUIPMENT

FUEL POOL COOLING PUMP

Number per unit 2

Type Centrifugal
Design pressure, psig 175

Design temperature, F 200

Design flow rate, gpm 2840
Design head, ft 215

@ design flow
Material of construction S8

FUEL POOL COOLING HEAT EXCHANGER

Number per unit 2
Type U=Tube
Heat transfer per HX at design
conditions (btu/hr) 15,000,000
Flow, tube side, gpm 2310
Flow, shell side, gpm 3000
Tube side inlet temperature, F 125
Tube side outlet temperature, F 112
Shell side inlet temperature, F 100

! Shell side outlet temperature, F 110
Design pressure, shell/tube, psig 150/175
Design temperature, shell/tube, F  225/225
Material of Construction,

shell/tube CS/88

l FUEL TRANSFER CANAL AIR DRIVEN UNWATERING PUMP

Number per unit 1
| Type Portable submersible air driven pump
Design pressure, psig 40
Design temperature, F 200
Design flow rate, gpm 225
Design head, ft 50
Material of Construction S8

SPENT FUEL POOL PURIFICATION EQUIPMENT

FUEL POOL COOLING PRE-FILTER

Number per unit 2

Type Disposable cartridge
Design pressure, psig 200

Design temperature, F 200
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Table 9.1.3-1 (Page 2)

FUEL POOL COOLING PRE-FILTER (cont'd)

Design flow, gpm 265
Retention @ 5 micron and

larger particle size 98%
Material of Construction SS

FUEL POOL COOLING DEMINERALIZER

Number per unit 1
Type Flushable
Resin type Rohm & Haas IRA 402 anion
Rohm & HASS Amberline 200 cation
Design pressure, psig 200
Design temperature, F 200
Design flow, gpm 530
Material of Construction S8

FUEL POOL COOLING DEMIN RESIN STRAINER

Number per unit 1
Type Cone
Design Pressure, psig 200
Design Temp, °F 200
Design Flow, gpm 530
Retention mesh .012"
Materials of Const. SS

FUEL POOL COOLING POST-FILTER

Number per unit 2

Type Disposable cartridge
Design pressure, psig 200

Design temperature, F 200

Design flow rate, gpm 265

Retention @ 5 micron

and larger particle size 98%

Material of Construction SS

SPENT FUEL POOL SKIMMER EQUIPMENT

FUEL POOL SKIMMER STRAINER

Number per unit 1

Type Basket
Design pressure, psig 20
Design temperature, F 200
Design flow, gpm 100
Perforation, dia, in 7/64
Material of Construction SS

Carryover
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Table 9.1.3-1 (Page 3)
FUEL POOL SKIMMER PUMP

Number per unit 1

Type Centrifugal
Design pressure, psig 45

Design temperature, F 200

Design flow, gpm 100

Design head, ft 55

Material of Construction SS

Number per unit 1

Type Disposable cartridge
Design pressure, psig 75

Design temperature, F 200

Design flow, gpm 100
Retention @ 3 micron and

larger particle size 100%
Material of Construction SS

Carryover
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The Nuclear Service Water System design basis is for operation under the worst
initial conditions of operation. This condition is assumed to be the low
probability combination of a safe shutdown earthquake (SSE) coincident with a
loss of coolant accident in one unit, extended shutdown of the other unit,

loss of the downstream dam, and a prolonged drought and hot weather and its
effect on the Standby Nuclear Service Water Pond. In addition, the RN Pumphouse
is designed to keep all valve and pump motors and other essential electrical
equipment above water during the probable maximum flood (PMF) due to sudden
occurrence of a rain induced failure of the upstream dam.

The RN pumps can take suction from Lake Wylie throughout the entire range of
lake levels from 592.4 ft above MSL (maximum calculated fiood elevation cor-
respoiding to a seismic failure of Cowans Ford Dam coincident with a Standard
Project Flood) down to the maximum lake drawdown of 559.4 ft above MSL The
SNSWP is normally overflowing at 571 ft above MSL and has a minimum allowable
water level of 570 ft as described in Section 9.2.5

0.4.1.8.3 .leat Exchanger Section

Nuclear Service Water supplied by the RN pumps is used in both units to supply
essential and non-essential cooling water needs or as an assured source of
water for another safety-related system

Essential components are those necessary for safe shutdown of the unit, and
must be redundant to meet single failure criteria. Nonessential components,
are not necessary for safe shutdown of the unit, and are not redundant. Each
unit has two trains of essential heat exchangers designated A and B, and one
train of nonessential heat exchangers supplied from either A or B and isolated
on Engineered Safety Features actuation

The following components or services are supplied by each essential header of
the RN System. Some components are normally in operation, some are automatical
supplied upon ESF actuation, and others are used when needed

a
D
c.
d.
e.
f
g
h

RN Pump Motor Coolar

RN Strainer Backflush

RN Pump Bearing Lube Injection Water

RN Pump Motor Upper Bearing 0il Cooler

Diesel Generator Engine Jacket Water Cooler
Diesel Generator Building Essential Fire Water
Diesel Generator Engine Starting Air Aftercooler
Component Cooling Heat Exchanger

Assured Auxiliary Feedwater Supply

Assured Fuel Pool Makeup

Assured KC System Makeup

Containment Spray Heat Exchanger
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m. The Control Room Area Chiller Condensers A and B are shared between
units, so they are fed by Unit 1 Essential Meaders only.
n. Auxiliary Shutdown Panel Air Conditioning Unit,

The components listed below function during station normal operation but are
not required for safe shutdown folYowing a postulated Loss of Coolant accident.
The Unit 1 nonessential header is feu from the Unit 1 crossover between
channels 1A and 1B, and is isolated on Containment hi-hi pressure signal.

There are five branches off of the 20 inch header, which are listed below.

a. Auxiliary Building Nonessential components
1. Reciprocating Charging Pump Gear 0i1 Coolar
b. Emergency Line to Service Building

1. Instrument Air Compressor
2. Instrument Air Compressor Aftercoolers

The Recirculated Cooling Water System (KR) and the Low Pressure Service water
System (RL) normally supplies these components, but loses power on station black-
out The RN System may then be aligned and the Instrument Afr Compressor started
to provide air following *he blackout.

€. Auxiliary Building Ventilation Cooling water

1.  Auxiliary Building Vent Units (2)

2. Fuel Handling Area Vent Unit

3.  Radiation Area Vent Unit
d. Upper Containment Ventilation Cooling wWater

1. Upper Containment Vent Units (4)
e. Lower Containment Ventilation Cooling Water

1. Lower Containment Vent Un’ts (4)

2. Incore Instrumentation Area vent Units (2)

3. Reactor Coolant Pump Motor Air Coolers (4)
The Containment Chilled Water System (YV) normally supplies these components
but loses power on station blackout. The RN System may be alignea to supply
cooling water during the blackout, .
During norma)l station operation, flow is supplied to all the components on the
nonessential header with the exception of the emerysncy !ine to the Service

Building and the header to lower containment. Comporents served hy «N have
either automatic control valves modulating to maintain a predetermined
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setpoint or manual throttling valves preset to give a minimum required flow at
pump maximum flow conditions. See Table 9.2.1-2 for flow requirements of the
Nucleur Service Water System.

Essential components receiving Nuclear Service Water flow are described below:

The RN gulp motors are of the totally enclosed, water cooled type which have
fnternal water-to-air heat exchangers. Cooling water is provided tc the RN
pump motor coolers only when the motor is in operation. This prevents the
formation of condensate in the motor internals by the passage of cold water
thr an idle motor. The control valves for the RN pump motor coolers are
manually set,

The RN pump motor upper bearing oil coolers are supplied cooling flow only
when their respective RN pumps are in operation to prevent harmful condensa-
tion from forming in the ofl. The RN pump motor coolers and RN pump motor
upper bearing ofl cooler on each pump are located downstream. A motor operated
isolation valve is interlocked to open when the pump mctor starts and close
when the pump motor stops.

Bearing lube injection flow is maintained to all RN pumps at all times, even
though only one pump is required to meet all the normal flow requirements of
both units. This water is supplied through redundant self-cleaning strainers.
One strainer is supplied per train. A crossover allows a single operating RN
pump to supply fts own bearing lube injection flow plus that of the redundant
channe! RN pumps. Upon Envinoorod Safety Features actuation, all four pumps
start and the crossover valves close, allowing each channel to supply the
bearing lube requirements of its corresponding channe! RN pumps.

The nuclear service water strainers backflush automatically on a time cycle
unless overridden by a pre-set high pressure drop. Internal water pressure is
the motive force for dislodging strained particles as a backflush drive motor
turns a backwash arm past the various strafner assemblies The discharge is
released to atmospheric pressure and dumps into a trash basket outside the RN
Pumphouse. Entrained trash fs collected and the water is returned to the
Standby Nuclear Service Water Pond, which overflows to Lake Wylie.

Diesel cenerator engine starting afr compressor aftercooler is supplied con-
stantly as the compressor operates periodically to maintain starting air tank
pressure. Flow s set by a manual throttling valve. Cooling water is supplied
to the diesel rator on?ino jacket water cooler only when the diesel is in
operation. This fs accomplished by an electric motor operated valve interlocked
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to open when the diesel starts, close when the diesel stops. Flow is assured
to all diesel generators no matter which RN pumps are in operation by the
normal valve positions identified on Figure 9.2.1-2.

Those heat exchangers in which a tube leak could allow radioactive fluid to
enter the cooling water are cooled indirectly through the closed loop Component
Cooling System (KC). Heat is then transferred to the RN System via the compo-
nent cooling heat exchanger. The heat load provided by the RN normal loads
will probably provide RN pump minimum flow requirements, but should this not

be the case, one of the non-operating KC heat exchangers may be used to

provide & minimum flow path.

The KC heat exchanger control valve on the non-operating KC train will
receive a signal to modulate on RN pump flow. It will open upon low-flow
(minimum flow) conditions, allowing the minimum flow to pass through the
redundant KC heat exchanger.

The only heat exchanger which could allow radioactive liquid to be discharged
to the environment in the event of a tube leak is the containment spray heat
exchanger, which is only in service after a loss of coolant accident. A
radiation monitor is installed at the outlet of this heat exchanger. Shouly
a leak occur, that channel would be shut down, isolated, and repaired while
the redundant channel provides the required cooling.

Both control room area chiller condensers are normally in operation, sharing
the load equally. In the event of a single failure, the other chiller is

sized to pick up the entire load due to a one unit LOCA and one unit shutdown
simultaneously. The automatic control valves for these components are electro-
hydraulically actuated and powered from the Class 1E emergency diesels. These
control valves continue to modulate, maintaining control room area habitability
by contirolling condenser head pressure after blackout, LOCA, and ear:thquake.

The auxiliary shutdown panel air conditioning units also operate during normal
plant operation, maintaining a controlled environment for functioning electrical
equipment and assuring habitability for personnel in the event of a control

room evacuation and simultaneous blackout. Their automatic control valves are
self-contained and control off of condenser head pressure, making this function
independent of air supply.

Unless otherwise stated in the preceding description, all automatic control
valves fail open on loss of air or signal, and have travel stops to limit the
maximum flow through the corresponding heat exchanger.
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9.2.1.2.4 Main Discharge Section

There are two main discharge headers, extending the width of the Auxiliary
Building with channel 1A and 2A components returning flow to the A header, and
channel 1B and 2B components returning flow to the B header. During normal
station operation when RN pumps are taking suction from Lake Wylie, discharge
crossover valves are open, and all heat exchangers in operation discharge
through the channel A return to Lake Wylie via the Low Pressure Service Water
discharge. Automatically upon low-low pumphouse pit level (as in loss of Lake
Wylie) or Engineered Safety Features Actuation in either unit, double isolation
valves close on the channel A return to Lake Wylie, double isolation valves
close on the discharge header crossover, and single valves open on each channel
return to the SNSWP. This sequence, along with isolation of the non-essential
header and supply header crossover valves ensures two independent, redundant
supplies and returns, satisfying the single failure criteria. The non-essential
header will only isolate on P-signal, not low-low pumphouse pit level due to a
possible s-signal resulting from the containment vent units not in operation.
1f damage is visually assessed, the non-essential header will be manually
isolated.

RN piping ir each Diesel Generator Building also has discharge isolation
valves that are aligned from lake discharge to SNSWP discharge on the same
signals which cause the Auxiliary Building headers to align to the SNSWP.

The discharge lines to the SNSWP split and discharge flow to each "finger" of
the SNSWP to assure that surface cooling will occur in all areas of the pond.
An orifice is installed to create a pressure drop in the shorter of the two
discharge lines to assure equal flow at both diicharge points (during a
simultaneous safe shutdown of both units).

9.2:2.3 Safety Evaluation

The Nuclear Service Water System is designed to withstand a safe shutdown
earthquake and to prevent any single failure from curtailing normal station
operation or limiting the ability of the engineered safety features to perform
their functions. Sufficient pump capacity is included to provide design
conling water flow under all conditions, and the headers are arranged in such
a way that loss of a header does not jeopardize unit safety. Radiation monitors
are located in the systems for detection of potentially radioactive leaks.

The system is designed to operate at either maximum drawdown of the lake or
Standby Nuclear Service Water Pond and also at a maximum water elevation in
each body. As described in Section 9.2.1.2.2, the Nuclear Service Water
System is designed to withstand both probable maximum flood and the effects of
a prolonged drought. Sufficient margin is provided in the equipment design to
accommodate anticipated corrosion and fouling without degradation of system
performance.

The RN System is designed to tolerate a loss of offsite power during a unit
LOCA and/or a unit cooldown simultaneous with a loss of Lake Wvlie. By adher-
ing to strict channel A and B separation with double valving between main
supply and discharge headers, both units are assured of having a source of
water, two 100 percent capacity pumps, and two redundant trains of heat ex-
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changers essential for safe shutdown. Channels A and B are connected together
only at 5 places by crossover piping. Redundant motor operated isolation
valves protect channel integrity and meet single failure criteria. Manual
crossover isolation valves are normally closed. The RN Pumphouse crossover
line provides flow to backflush the backup train's RN strainers on a time cycle
to assure their cleanliness upon startup. This crossover also supplies bearing
lube injection water to the backup train's RN pumps, keeping them ready to
start on actuation signal. These crossover valves automatically close on
safety injection signal, when the redundant RN pumps also start. Normally
closed valves are provided at the outlet of the RN pump bearing lube injection
strainers. Should it be necessary to isolate one strainer for maintenance,
flow to all four RN pumps bearings can be temporarily maintained through the
other strainer. Inside the Auxiliary Building for each unit, supply header
crossover valves are normally open during safety injection signal to equalize
header pressure and supply the increased heat load flow requirements to contain-
ment ventilation units as well as continued operation of the reactor coolant
pump motor air coolers. Both of these crossover valves as well as nonessential
header supply valves close on containment spray signal, assuring channel
integrity for safe shutdown following a LOCA. Main discharge crossover valves
are normally open, allowing operating heat ex-changers on all trains to dis-
charge through the singie main discharge to the Low Pressure Service Water
System (RL). Upon containment spray signal these two valves close, the lake
discharge isolation valves close, and redundant valves open for each channel
discharge to the SNSWP.

A1l valves whose functions are shared between units and therefore whose opera-
tion is related to the safety of both units are provided with normal and
emergency diesel power from Unit 1. These valves are listed in Table 9.2.1-3.

If a Unit 1 diesel is out of service or down for maintenance, then the shared
valves normally powered from that ciiannel are provided with manual switchover
to the Unit 2 diesel of corresponding channel. In this manner, any one diesel
generator can be down for maintenance and the RN System can still shut the

plant down safely assuming a LOCA, seismic event blackout, and single failure.

A complete RN System single failure analysis is presented in Table 9.2.1-4.

9.2.1.4 Testing and Inspection Requirements

All system components are hydrostatically tested prior to station startup and
are accessible for periodic inspection during operation. A1l compunents,
switchovers, starting controls, and the integral systems required for the RN
System to perform its safety related functicns are tested periodically.

9.2.1.5 Instrumentation Requirements

9.2.1.5.1 General Description

RN System instrumentation and conirols are shown on the system flow diagrams
(Figures 9.2.1-1 through 9.2.1-12). Power to the essential, safety related
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valves, controls, and instrumentation for a particular RN System train are
powered from the same electrical power source as the RN pump which normally
supplies water to that train. Therefore, loss of one power train would result
in the loss of only the instrumentation and controls associated with that
particular train. Those valves common to both units which isolate the intake
lines in the RN Pumphouse as well as the main discharge crossover and main
discharge isolation valves are normally supplied from the corresponding channel
of Unit 1 diesels, with a switchover provided to corresponding Unit 2 diesels
for the case when a Unit 1 diesel is down for maintenance. Backup controls
are provided at the auxiliary shutdown panel for all the devices required for
safe, orderly shutdown in the event of a main control room evacuation.

9.2:.1.5.2 Pressure Instrumentation

Pressure transmitters are provided on each RN pump discharge line for display-
ing pressures locally and at the main control room, as well as actuating main
control room avnunciators when pressure drops below a predetermined value.

Each RN pump besring Tube injection strainer is provided with a differential
pressure switch which warns the operator of high AP. Each RN strainer is
provided with differential pressure switches to initiate backwash on high aP.
Pressure differential indicating switches are connected across the RN Pumphouse
lattice screens, and alarm in the main control room on high AP. That channel
must then be shut down and the screens cleaned by hand. This will be very
infrequent because the intake structures are located at the bottom of the lake
and SNSWP, thereby eliminating floating trash. The intake bar screens also are
expected to minimize clogging of the RN Pumphouse lattice screens.

Inside the Auxiliary Building, each supply header has pressure indicacion
locally and on the main control board. Each heat exchanger is equipped with a
pressure test point at the outlet to monitor tube cleanliness.

9.2.1.5.3 Flow Instrumentation

Flow elements are provided on each RN pump discharge which indicate locally
and on the main control board, as well as alarm on both high and low setpoints.
Local flow indication is provided for setting the design flow through all RN
pump bearing lTube injection line and RN pump motor coolers and upper bearing
01l coolers. The manual throttling valves are then locked in place. Flow
indication, both local and main control board, is provided on the containment
spray heat exchanger outlets, the component cooling heat exchanger outlets,
and the diesel generator engine jacket water cooler outlets. These alarm on
both high and low setpoints. Local flow indication is provided on all heat
exchangers whose flow is controlled by a manual throttling valve to aid in
setting the design flow and also on all ventilation cooling coil lines to
monitor their performance.

There is a portable flow measuring probe provided for testing to assure equal

flow at both discharge points into the SNSWP. This test verifies the perform-
ance of the "short leg" pressure drop orifice described in Section 9.2.1.2.4.
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9.2.1.5.4 Temperature Instrumentation

RN pump motor internal air temperature is indicated both locally (to aid in
setting motor cooler outlet throttling valve) and on the main control board to
alarm on high temperature. RN pump motor hearing and stator temperatures are
also monitored on the plant computer. Temperature indication is provided for
each channel main supply header in the main control room, and temperature test
points provided at the outlet of each heat exchanger to check performance.
Temperature test points are provided at both the inlet and outlet of the
ventilation cooling coils. Outlet temperature of the SNSWP is monitored and
alarmed on high temperature. By technical specification the station must be
shut down if SNSWP temperature exceeds a given value. Refer to Chapter 16 for
applicable limits.

A1l air actuated control valves have travel stops set to provide design flow

for safe shutdown heat loads upon loss of instrument air due to station blackout
with or without simultaneous LOCA. Instrument air can be restored following a
blackout by manually aligning emergency supply of RN to and from the instrument
air compressors and manually loading the compressors on the diesei "blackout bus".
This restores air supply for RN as well as all other air actuated control valves.

9.2.1.5.% Level Instrumentation

Two sets of level instrumentation per unit, one on each power train, are instal-
led in the RN Pumphouse pit behind the lattice screens where the RN pumps take
suction. It is this instrumentation which alarms in the control room on low

level and on low-low level realigns suction from Lake Wylie to the SNSWP. This
will provide qualified indication of the occurrence of loss of the downstream dam.

Level instrumentation provides indicatiun in the the control room the levels
of Lake Wylie and the SNSWP, which also has positive level markings painted on
a pier for visual verification of gage reading.

9.2.1.6 Corrosion, Organic Fouling, and Environmental Qualification

No provision is made for prevention of long-term corrosion in the RN System.
Allowances for such corrosion were made by increasing the wall thickness of
the pump pressure boundary, piping, and the heat exchanger sheiis and tubes in
accordance with the applicable codes. Larger pipe sizes than necessary were
used for pump adequacy considering scaling.

Asiatic clam control is achieved by a series of design features and operating
procedures. Intake structures take suction elevated off the bottom of the

lake and SNSWP and at a velocity well below that required by the Environmental
Protection Agency for wildlife protection, so large clams are not drawn into
the system. A bar screen with openings 4 in. X 4 in. keeps debris from enter-
ing the intake lines and a ‘attice screen with 1 in. X 1 in. openings separates
the forebay of the RN Pumphouse from the RN pump suction bay, providing a
second level of defense. The water discharging from each RN pump passes
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through an RN strainer with 1/32 inch openings to strain out dirt and sand
particles that could clog control valves with cavitrol trim located throughout
the RN System. These screens and strainers will prevent all but the smallest
clam larvae from entering the RN niping.

It is understood that Asiatic clam larvae do not permanently attach to pipe
walls and grow, but nest in stagnant places such as valved off pipes and idle
heat exchangers and operating heat exchangers heads in front of the tube
sheet. Performance monitoring programs to verify adequate flow, and visual
inspection of the intake piping and inlet heat exchanger heads during
maintenance will provide early detection of any clam infestation of raw water
systems. If these monitoring or inspection programs indicate any potential
problems, appropriate corrective action will be taken.

9.2.2 COMPONENT COOLING SYSTEM

9.&.2:1 Design Bases

The Component Cooling System (KC) is designed for operation during .11 phases
of plant operation and shutdown. The system serves to:

a. Remove residual and sensible heat from the Reactor Coolant System via the
Residual Heat Removal System, during plant shutdown and startup.

b. Cool the letdown flow to the Chemical and Volume Control System during
power operation.

¢; Cool the spent fuel pool water.

d. Provide cooling to dissipate waste heat from various other primary plant
components.

e. Provide cooling to engineered sa’eguards loads after an accident.
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The component cooling pumps and heat exchangers are arranged into two separate
trains of equipment in each unit subsystem, with two pumps and cne heat exchanger
per train. Each surge tank is connected by surge tank riser to each train of
component cooling equipment. Each train of component cooling equipment supplies
cooling water to a corresponding train of the following redundant engineered
safety equipment:

a. Residual heat removal heat exchanger

b. Residual heat removal pump mechanical seal heat exchanger

C. Component cooling pump motor coolers (2 pumps per train)

d. Motor driven auxiliary feedwater pump motor coolers

. Residual heat removal pump motor coolers

2 Containment spray pump motor coolers

g. Safety injection pump motor coolers

h. Safety injection pump bearing oil cooler

i. Centrifugal charging pump motor coolers

i A Centrifugal charging pump speed reducer oil cioler

K. Centrifugal charging pump bearing oil cooler

Any piping connecting the two trains of component cooling equipment is provided
with two 1:0lation valves. Where this piping is seldom used, manual isolation
valves are provided and are locked closed. Where this piping is often used,
motor operated isolation valves, which are actuated to close on an engineered
safeguards actuation signal, are provided.

Component cooling water is also provided to the following components which are
not essential to safe plant shutdown following a loss of coolant accident or
steam break accident:

a. Letdown heat exchanger

b. Sealwater heat exchanger

. Fual pool cooling heat exchangers

d. Waste gas compressor package heat exchangers

e. Waste gas hydrogen recombiner packages

f. Sample heat exchangers
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g. Recycle evaporator package evaporatoar condenser

h. Recycle evaporator package distillate cooler

It Recycle evaporator package vent co.'denser

: & Waste evaporator package evaporator condenser

k. Waste evaporator package distillate cooler

1. Waste evaporator package vent condenser

m. Excess letdown heat exchanger

n. Reactor coolant drain tank heat exchanger

0. Reactor vessel support coolers

pP. Reactor coolant pump thermal barriers

q. Reactor coolant pump motor lower bearing oil coolers

r. Reactor coolant pump motor upper bearing oil coolers

S. Steam generator blowdown heat exchangers

t. Recycle evaporator concentrate sample cooler

u. Recycle evaporator concentrate heat exchanger

V. Recycle evaporator concentrate pump A bearing cooler

w. Recycle evaporator concentrate pump B bearing cooler

R Waste evaporator concentrate sample cooler

y. Waste evaporator concentrate heat exchanger

: Waste evaporator concentrate pump A bearing cooler

aa. Waste evaporator concentrate pump B bearing cooler

" Cooling water may be supplied to the non-essential equipment from either train
of component cooling equipment and, likewise; returned to either train of
component cooling equipment. Motor operated isolation valves, which are
actuated to close on an engineered safeguards actuation signal, provide separa-
tion of non-essential equipment from essential equipment and component cooling

equipment train separation during a Loss of Coolant Accident or Steam Break
Accident.

New Page
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A normally closed motor operated valve at the inlet of each residual heat
removal heat exchanger is actuated to open on an engineered safety signal to
ass re cooling water supply to these heat exchangers during a Loss of Coolant
or Steam Break Accident. A continuous supply of component cooling water is
provided to the other redundant safety equipment during all modes of plant
operation.

On an engineered safety signal both trains of component cooling equipment are
actuated and automatically aligned to the appropriate triins of engineered
safety equipment. However, only one train of component cooling equipment,
i.e., two component cooling pumps and one component ccoling heat exchanger, is
necessary to supply minimum engineered safety requirements. During normal
unit operation two pumps and one heat exchanger are required. Two pumps and
one heat exchanger also provide minimum unit cooldown requirements. However,
to provide unit cooldown within 20 hours four component cooling pumps and two
component cooling heat exchangers are required.

Design flow rates during various unit operating modes are tabulated in Table
9.2.2-1. Typical valve lineups for various system operational modes are shown
in Table 9.2.2-2.

The Nuclear Service Water System (Section 9.2.1) provides an assured source of
cooling water to the component cooling heat exchangers. The Component Cooling
System serves as an intermediate system and a second boundary between the
Reactor Coolant System and the Nuclear Service Water System and assures that
any leakage of radioactive fluid into the Component Cooling System from com-
ponents being cooled is contained within the plant. A radiation monitor is
placed at the discharge of each component cooling heat exchanger to detect any
radioactive leaks into the Component Cooling System. Each monitor actuates an
alarm and closes the appropriate component cooling surge tank atmospheric vent
valve if radiation reaches a preset level above the normal background. Venting
would then be accomplished through a loop seal to contain potentially
radioactive gasses in th: surge tanks.

The vent lines on the surge tanks are sized large enough to prevent vacuum in
the tanks, should cold water from the component cooling drain sump be added to
a surge tank at tis maximum temperature. Surge tank overflow is directed to
the component cooling drain sumps, where it can be pumped to the mixing and
settling tank in the Liquid Radwaste System for disposal.

Component cooling flow is essential to the operation of the reactor coolant
pumps (KC provides cocling water to the RCP thermal barriers and oil
coolers). Safety related flow instrumentation is provided on the KC supply
header to RCP components to alert the operator of low KC flow. The reactor
will be manually tripped if KC flow is lost and cannot be restored within 10
minutes.

The major portion of the Component Cooling System is constructed of carbon
steel. Corrosion will be controlled by the addition of corrosion inhibitors
to the component cooling water.

Entire Page Revised
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Instrumentation is provided in the cooling water lines downstream of the
reactor coolant pump thermal barriers to detect high flow resulting from
reactor coolant inleakage due to a ruptured therma! barrier cooling coil.
Upon a high flow signal the motor operated isolation valve in the cooling
water discharge line from the thermal barrier automatically closes to isolate
the radioactive leak. A check valve in the cooling water line upstream each
thermal barrier isolates the supply flow. Component cooling water piping .at
the inlet and discharge of the thermal barriers is designed to withstand
reactor coolant system temperature and pressure. A relief valve in the
component cooling piping downstream of the reactor coolant pumps is set to
relieve at the design pressure of the reactor coolant system with a capacity
equal to the maximum rate at which reactor coolant can flow through the thermal
barrier break. ODischarge from these relief valves is directed to the con-
tainment floor and instrument sumps in the Liquid Radwaste System.

Relief valves downstream of heat exchangers other than the reactor coolant
pump thermal barriers are discharged into the component cooling drain header.
They are sized to relieve the thermal expansion which would occur if the flow
through the heat exchanger shell side was isolated and high temperature fluid
continued to flow through the tube side.

223 Components

A1l the components for this system are located within the controlled environ-
ment of the Auxiliary and Reactor Buildings, which are seismic Category I
structures that are tornado, missile, and flood protected. Component design
data is listed in Table 9.2.2-3, and applicable design codes listed in Table
3.2.2=2.

A1l essential components are seismically designed and tested and meet ASME III
class 3 codes, except containment isolation valves and reactor coolant pump
thermal barrier isolation valves which are ASME III class 2. Essential compo-
nents which require electrical power receive emergency power from the diesels.
All essential components located in one train receive their emergency power
from the corresponding train diesel.

9.2:.2.3.1 Component Cooling Heat Exchangers

The four component cooling heat exchangers are of shell and straight tube
type. Raw river water from the Nuclear Service Water System (Section 9.2.1)
is circulated through the straight tubes while component cooling water circu-
lates through the shell side. The heat exchangers are designed to provide the

9.2-15 Rev. 11
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required heat transfer for the various modes of plant operation. One heat
exchanger is adequate to supply minimum engineered safety features heat trans-
fer requirements. Shell side material is carbon steel. Tube side material is
irhibited admiralty.

9.2:.8:3.2 Component Cooling Pumps

The eight component cooling pumps are horizontal, centrifugal units. These
pumps receive electric power from normal or emergency sources. All four pumps
for one unit are started automatically upon receipt of the safety injection
signal.

The pumps are designed to operate with the minimum net positive suction head
available as provided by the component cooling surge tanks. Minimum flow
lines are aiso provided to protect the pumps. The minimum flow is 1000 GPM
per pump.

Mechanical seals are provided to minimize leakage.
9.2.2.3.3 Component Cooling Surge Tanks

Four surge tanks, two per unit, accommodate expansion, contraction, inleakage,
or outleakage of water from the system. One surge tank is aligned to each
train of component cooling equipment in order to provide redundancy for a
passive failure during a loss of coolant or steam break accident. If an
outleakage develops while the trains are cross connected, the trains
automatically isolate on low-low level in either surge tank.

S 2. 2. 3% Component Cooling Drain Sump and Pumps

The two component cooling drain sumps, one per unit, and the four component
cooling drain sump pumps, two per sump, are located at the lowest point in the
system. All equipment drains, low point drains, valve leakoffs, and relief
valves (excluding reactor coolant pump thermal barrier relief valves) are
piped to the drain sump and then pumped to the appropriate component cooling
surge tank, thus minimizing makeup and waste treatment problems associated
with chemically treated component cooling water.

9.2.2.3.5 Valves

Electric motor operated valves are provided on all headers to nonessential
equipment to isolate and separate the two component cooling trains. Two
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valves are provided, one per train, to each nonessential header to meet active
failure criteria. These valves are provided with normal and emergency power.
During normal operation these valves can be opened and closed from the control
room, to align the two trains to the nonessential headers. These valves will
automatically close on an engineered safeguards actuation signal.

Electric motor operated valves are provided on each header to each residual
heat removal heat exchanger. These valves are supplied with normal and emer-
gency power, and can be opened and ciosed from the control room during normal
residual heat removal operations. These valves automatically open on an
engineered safeguards actuation signal.

Electric metor operated valves are located in the component cooling lines down
stream of each reactor coolant pump thermal barrier. These valves close on
high flow caused by a reactor coolant pump thermal barrier rupture. The
inleaking reactor coolant will then be isolated between the electric motor
operated valve and a check valve located in the component cooling line upstream
of the reactor coolant pump thermal barrier. The design conditions for these
valves and piping between these valves is the same as the Reactor Coolant
System.

Electric motor operated valves are provided on each recirculation line to open
on lTow pump flow to protect the pumps. These valves are supplied with both
normal and emergency power.

Electric motor operated valves are provided on lines penetrating the contain-
ment, to close on an engineered safeguards actuation signal for containment
isolation during a loss of coolant accident or steam break accident.

Control valves are provided on cooling lines downstream of most of the major
components to control the flow of cooling water through the component. These
valves are either controlled by flow instrumentation located in the component
cooling line or temperature instrumentation located in the line of the fluid
being cooled. These valves are provided with leakoffs to minimize leakage
from these valves. On loss of power or instrument air these valves will fail
in the open position. Travel stops are provided so that the valve will fail
in a set position to provide adequate cooling water and not starve the rest of
the system.

Relief valves are provided for overpressurization protection of component
cooling lines. These valves are normally located close to a component, and
are sized to relieve thermal expansion due to overheating of the cooling
water by the component.
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A relief valve is located on the return header from the reactor coolant pumps
to protect against overpressurization due to a thermal barrier rupture and
failure of the 1solation valve to shut. The valve is sized to relieve the
maximum flow of reactor ciolant inleakage due to 'a thermal barrier rupture.

9.2.2.3.6 Piping

Component Cooling System piping is carbon steel, except for drain lines from
the component cooling drain sump pumps and other lines exposed tc the atmos-
phere which are stainless steel. Welded joints and connections are used except
at componerits which might require removal for maintenance, where flanges are
used.

9.2.2.4 Safety Evaluation

Most of the equipment, piping, and instrumentation associated with the Component
Cooling System is located outside the Containment and, therefore, is available
for inspection and maintenance during power operation. Replacement of a pump
or heat exchanger can be performed while the other components are in service.

Sufficient cooling capacity is provided to fulfill all system requirements
under normal and accident conditions. Adequate safety margins are included in
the size and nuaber of components to preclude the possibility of a component
malfunction adversely affecting operation of safety features equipment.

Active system components considered vital to the operation of the system are
redundant. Also, any single passive failure in the system does not prevent
the system from performing its design function.

In consideration of single failure criteria, the Component Cooling System
contains separate flow paths to the two trains of Engineered Safety Features
equipment. Any pipes connecting the separate flow paths contain two isolation
valves in series.

The Nuclear Service Water System (Section 9.2.1) provides an assured source of
cooling water to the component cooling heat exchangers. The Component Cooling
System serves as an intermediate system and a second boundary between the
Reactor Coolant System and Nuclear Service Water System and assures that any
leakage of radicactive fluid from the components being cooled is ccntained
within the station. Radiation monitors are placed in the discharge lines of
the component cooling heat exchangers to detect any radioactive leaks into the
Component Cooling System. To minimize the possibility of leakage from piping,
valves, and equipment, welded construction is used wherever practical. Further
instrumentation to detect both inleakage and outleakage is presented in Section
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9.2.2.5. Normal makeup to the system is provided by the Makeup Demineralized
Water System. An assured supply of makeup water is available from the Nuclear
Service Water System.

A relief valve on the component cooling water return header downstream of the
reactor coolant pumps is designed with a capacity equal to the maximum rate at
which reactor coolant can enter the Component Cooling System from a severance
type break of the reactor coolant pump thermal barrier cooiing coil. The
discharge from these relief valves is directed to the containment floor and
equipment sumps. T[he relief valves on the cooling water lines downstream of
other heat exchangers in the system are sized to relieve the thermal expansion
occurring if the exchanger shell side is isolated and high temperature fluid
continues to flow through the tube side. Discharge from these relie? valves
is directed to the component cooling drain sump. The set pressure for all
relief valves equals the local design pressure of the component cooling piping.

The surge tanks have instrumentation which automatically separates the
essential trains of component cooling equipment and isolates flow to the
nonessential headers upon low-low level in either surge tank. This, combined
with train separation on engineered safety signals, provides redundancy for a
single passive failure in the form of outleakage anywhere in the KC System.
The KC pumps are able to operate with the surge tanks empty, but the operator
manuaily provides makeup water to the surge tank on low surge tank level,
Alarms are provided for high, low, and low-low surge tank levels.

Since the system does not service any Engineered Safety Feature inside the
Containment, Containment isolation valves on the component cooling 1ines
entering and leaving the Containment are automatically closed on Containment
isolation signal following a loss of coolant accident, or steam break accident.

Isolation valves on the component cooling header to the reactor coolant pumps
do not close until Phase B isolation to allow cooling during a small loss of

coolant accident or steam break. All other isolation valves close on Phase A
isolation.

Active and passive failure analyses of pumps, heat exchangers, valves and
piping are presented in Table 9.2.2-4. The safety classes of major system
components are listed in Table 3.2.2-2.

The Component Cooling System is a moderate-energy piping system, see Section
3.6 regarding the analysis of postulated cracks in these systems.

9.2.2.% Leakage Provisions

Leakage from the Component Cooling System is minimized as much as possible by
extensive use of weld ends, plug valves, packless stem valves, and by the use
of mechanical seals on the component cooling pumps. All drains, valve leakoffs,
relief valves (excluding reactor coolant pump thermal barrier relief valves)
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are piped to the component cooling drain sump and pumped to the appropriate
component cooling surge tank. This reduces the loss of component cooling water
from the system, and the amount of makeup that otherwise would have to be added
to the system. A leak in a component cooling line can be detected by a drop in
surge tank level, which will actuate a Tow level alarm in the control room. At
Tow=low surge tank level the trains are isolated to provide redundancy for a
single passive failure.

9.2.2.6 Instrument Applications

9.2.2.6.1 Flow Instrumentation

Flow measurement is located in the outlet lines of the component cooling heat
exchangers. Flow rate is given in the control room along with Tow flow alarm.
The valves in the KC pump minimum fiow lines open automatically when low flow
is detected.

Flow instrumentation is located in all lines providing cooling water to a
component. Flow measurement is given either in the control room, on a remote
panel, or locally. Flow inst-~umentation in these lines is also used for low
and high flow alarms and for controlling control valves where needed.

Flow is monitored in the KC header serving components on the reactor coolant
pumps. Upon low flow, an alarm is given in the control room. The operator
must trip the reactor if normal KC flow cannot be reestablished within 10
minutes.

9.2.2.6.2 Level Instrumentation

Surge tank level measurements are used to monitor and control the total amount
of water in the system. Should there be leakage into the system, the level
will rise and activate a high level alarm. If there is leakage out of the
system the level will fall and a Tow level alarm will be actuated. At low-low
level the trains automatically isolate. Level indication is given in the
control room.

Component cooling drain sump level is given locally for sump level indication,
and automatic sump pump operation is possible, controlled by high and low level
setpoints.

9.2.2.6.3 Pressure Instrumentation

Pressure instrumentation is located in the discharge of each component cooling
pump, and in each main discharge header for each train. Pressure indication
is given locally and in the control room.

Pressure test points are placed in the suction piping of the component cooling
pumps, at the discharge of the component cooling heat exchangers, and in the
supply and discharge of all the major heat exchangers served by the system.
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TABLE 9.2.1-1 (Page 1)
SYSTEM COMPONENT DESIGN PARAMETERS

NUCLEAR SERVICE WATER PUMPS

Number per unit 2

Type Vertical, wet pit, mixed flow with above floor discharge
Design Pressure, psig 150

Design Temperature, F 105

Design Flow, gpm 20,900

Design Head, ft. 174

Max. Flow Rate, gpm 25,800

Head at Max. Flow, ft. 130

Shutoff Head, ft. 260

Min. Flow Rate, gpm
Material of Construction

9000 for 1 yr., 5000 for 1 wk.
Carbon Steel

Motor horsepower, name plate 1000
Type Vertical, totally enclosed, water cooled
Motor Cooler Design Temp, F 100
Motor Cooler Design Flow, gpm 40
Pump Bearing Lube Injection &
Packing Flush Flow, gpm Total 24

Pump Bearing Lube Injection &
Packing Flush Cleanliness
Pump Bearing Lube Injection

80 Mesh Strainer

Pressure, Minimum psig 45
Motor Upper Bearing 0il

Cooler Flow, gpm Bl
Submergency Reg. at Max Flow, ft. 5

NUCLEAR SERVICE WATER STRAINERS

Numper per unit 2
Type Horizontal, continuous automatic backflush
Design Pressure, psig 150
Design Temperature, F 100
Design Flow, gpm 20,900
Strainer element type slotted tubular stainless steel
Strainer element size openings, in. 1/32
Maximum pressure drop, psi 4

Material of construction
RN PUMP BEARING LUBE INJECTION STRAINERS

Number per station
Type
Design Pressure, psig
Design Temperature, F
Design flow, each - normal, gpm
maximum, gpm
Design pressure differential
clean normal, psid
maximum, psid
65% clogged maximum, psid

Carbon Steel

2
Self-cleaning
150

100

92

136

~ W
S R
w
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TABLE 9.2.1-1 (Page 2)

Mesh Size
Required retention
Material of construction:

NUCLEAR SERVICE WATER SYSTEM UNWATERING PUMP

Number per station
Type
Design Flow, gpm

minimum

max imum
Design Head, ft. at Design Flow

ft. at Shutoff

Design Pressure, psig
Design Temperature, F
Driver Type
Casing Material
Impeller Material

80 (.007")
100%
All stainless steel

1

Portable submersible pump
800

400

1200

65

78

50

108

Submersible electric motor
Carbon Steel

Stainless Steel
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Table 9.2.1-2 (Page 1)
Nuclear Service Water System Flow Rates - Unit 1
Given for Unit 1 Operating Modes - Number of Components in Operation & Total Flow in GPM

Mode 1 Mode 2 Mode 3-1 Mode 3-2 Mode 3-3 Mode 3-4 Mode 4 Mode 5 Mode 6
Blackout & Blackout & Safety Injection
Normal Shutdown -  Shutdown -  Shutdown -  Shutdown - Small LOCA or Sump Recirc.
Operation Startup 4 Hrs 4 Hrs 20 Hrs 20 Hrs Steam Leak After Cont. Spray Refueling
ESSENTIAL COMPONENTS Mo Flow No Flow No  Flow No Flow No Flow No Flow No Flow No  Flow No Flow
1) Containment Spray hX 0 - 0 > 0 - 0 - 0 . 0 s 0 * 2 10000 0 -
2) Diesel Gen Engine Starting Air After- 4 50 Rl 50 4 50 El 50 4 50 4 50 a4 50 Rl 50 3 50
cooler
3) Diesel Gen Engine Jacket Water Cooler 0 - 0 - 0 » 2 1800 0 - 2 1800 2 1800 2 1800 0 "
4) Contro) Room Area Chiller Condenser 1 1400 1 1400 1 1400 1 1400 1 1400 1 1400 1 1400 1 1400 1 1400
5) Component Cooling HX 1 5000 2 10000 2 20000 2 20000 2 20000 2 20000 2 20000 2 20000 2 20000
6) Auxiliary Shutdown Complex A/C Unit 2 20 2 20 2 20 2 20 2 20 2 20 » 20 2 20 2 20
7) Nuclear Service Water Pump Motor
Cooler 1 40 2 80 2 80 2 80 2 Bu 2 80 2 80 2 80 2 80
8) Nuclear Service Water Pump Upper Brg
Inj 1 5 2 10 2 i0 2 10 2 10 2 10 2 10 2 10 2 10
9) Nuclear Service Water Pump Lower Brg
Inj 1 5 2 10 2 10 2 10 2 10 2 10 2 10 2 10 2 10
10) Nuclear Service Water Pump Packing
Flush 1 14 2 28 2 28 2 28 2 28 2 28 2 28 2 28 2 28
11) Nuclear Servic- Water Pump Motor Upper
Brg 0il Cooler 1 R 2 8 2 8 2 8 4 8 2 8 2 8 2 8 2 8
12) Nuclear Service Water Strainer Back-
flush 2 2000 2 2000 2 2000 2 2000 2 2000 2 2000 2 2000 2 2000 2 2000
8538 13606 23606 25406 23606 25406 25406 35406 23606
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Table 9.2.1-2 (Page 2)

Nuclear Service Water System Flow Rates - Unit 1

Given for Unit 1 Operating Modes - Number of Components in Uperation & Total Flow in GPM

Mode 1 Mode 2 Mode 3-1 Mode 3-2 Mode 3-3 Mode 3-4 Mode 4 Mode S Mode 6
Blackout & Blackout & Safety Injection
Normal Shutdown -  Shutdown -  Shutdown -  Shutdown - Small LOCA or Sump PRecirc.
Operation Startup 4 Hrs 4 Hrs 20 Hrs 20 Hrs Steam Leak After Cont. Spray Refueling
NON-ESSENTIAL COMPONENT S No  Flow No  Flow No Flow No Flow No  Flow No Flow No  Flow No  Flow No Flow
13) NC Pump Motor Cooler 4 300 4 300 4 W0 0 300 0 300 0 300 0 300 0 - 0 -
14) Low Containmer.t Vent Unit 3 2088 3 2088 3 2088 3 2/84 3 2088 3 2784 4 2784 0 > 4 2784
15) Unit Containment Vent Unit 3 330 3 330 3 330 3 440 3 330 3 440 Kl 440 0 - 4 440
16) Incore Instrumentation Vent Unit 2 20 2 20 2 20 2 20 2 20 2 20 2 20 0 - 2 20
17) Recip Chg Pmp Fluid Drive @il Cooler 1 90 1 90 1 90 1 90 1 90 1 90 1 90 0 ® 1 90
18) Aux Bldg Radwaste Area Supply Vent Unit 1 100 1 100 1 100 1 100 1 100 1 100 0 ¥ 0 - 1 100
19) Fuel Handling Area Supply Vent Unit 1 140 1 140 1 140 1 140 1 140 1 140 0 = 0 - 1 140
20) Aux Bldg Supply Vent Unit 1 175 1 175 1 175 2 350 1 175 2 350 0 . 0 - 1 175
21) Emergency Supply to Inst Air Comp 0 - 0 - 0 - 3 48 0 - 3 48 0 - 0 - 0 -
22) Emergency Supply to Inst Air Comp 0 - 0 - 0 > 3 90 0 - 3 90 0 - 0 - 0 -
Aftercoolers
3243 3243 3243 4362 3243 4362 3634 0 3749
MAKEUP T0: (flow per channel)
23) Assured Fuel Pool Makeup (up to 500 gpm)
24) Auxiliary feedwater (up to 2900 gpm) 2 2900 2900 2 2900 2 2900
25) Radiation Monitor Flushes (up to 50 gpm)
26) Assured Component Cooling Makeup (up to 500 gpm)
27) Essential Fire Protection (Diesel (up to 200 gpm)
Bldg. )
28) Total Flow Rate for All Components
in Operation 11781 16849 26849 32668 26849 32668 31940 38306 27355
29) No. RN Pumps Preferred H 1 2 2 2 2 2 2
Flow Per Pump 11781 16849 13425 16334 13425 16334 15970 19153 13678
30)*Single Failure of one Unit 1 RN Pump with
Alignment for Safe Shutdown Before Unit 2
Startup. Flow for Remaining Unit 1 RN
Pump 11781 15849 15746 20665 15746 20665 19937 21303 16252
31) Shared Component Flow Not Required on
Unit 2
It one Unit 2 channel operating 1500 1500 1500 1638 1500 1638 1400 1400 1500
If both Unit 2 channels operating NA NA 2900 3038 2900 3038 2800 2800 2900
*In the single failure case train separation is assumed. Rev. 11



Table 9.2.1-3
RN SYSTEM VALVES SHARED BETWEEN UNITS

ESF Signal
Power Irained Aligned Actuated From
Value Number function Norma | Backup Trains
IRN1A RN Pumphouse Pit A isol. Valve from Lake 1A 2A 1A, 2A
IRNZB RN Pumphouse Pit A lIsol. Valve from Lake 1B 28 18, 28
IRN3A RN Pumphouse Pit A Isol. Valve from SNSWP 1A 2A 1A, 2A
1RN4B RN Pumphouse Pit B Isol. Valve from SNSWP 18 28 18, 28
1RNSA RN Pumphouse Pit B lsol. Valve from Lake 1A 2A 1A, 2A
1RNbE BN Pumphouse Pit B Isol. Valve from Lake 18 28 18, 28
IRN36A RN Pump Brg Lube In) Water Strainer Inlet Crossover 1A 2A 1A, 2A
IRN3/B RN Pump Brg Lube Inj Water Strainer Inlet Crossover 1B 28 18, 28
IRNS38 Station RN Discharge Crossover lsol. 18 28 8, 28
1ANS4A Station RN Discharge Crossover lsol. 1A ZA 1A, 2A
IRNS /A RN Discharge lsol. Valve to Low Press Service Water 1A 2A 1A, 2A
1RNB4 38 RN Discharge lsol. Valve to Low Press Service Water 18 28 18, 28
1RNSBB SNSWP Return B Isol. 18 28 18, 28
LRNG 3A SNSWP Return A Isol. 1A 2A 1A, 2A
IRNZA4A Control Room Area Chiller Cond. A Control 1A 2A None
1RN3048 Control Room Area Chiller Cond. B Contreol 18 28 None
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16

17,

18

19

21

COMPONENT

BN Pumphouse Intake
line A from SNSWP

PN Pumphouse Shared
Intake line from Lake

Either RN Strainer
1A or 2A

Any non-safely
related component

Shared discharge
line to Lake Wylie

Channe! A shared
return line to SNSWP

Either RN Pump.
Lube Injection Strainer
AorB

Table 9.2.1-4 (Page ©)
Nuc lear Service Water System Failure Analysis

MALFUNCTION
Collapse or plug

Collapse or plug

Rupture or plug

Any failure which
would prevent normal
operation of the
Ccomponent .

Rupture or plug

Rupture or plug

Rupture or plug

COMMENT & CONSEQUENCES

Use Channel B intake line from SNSWP, Pumphouse Pit B, and
all Channel B heat exchangers unit repairs can be made.

RN Pumphouse Pit low-low level will automatically realign
to SNSWP and start all RN Pumps for temporary operation
until line is repaired, or for shutdown.

Isolate affected RN Strainer and RN Pump. Use another pump
to satisfy cooling water requirements through normally open
Crossovers.

Isolate component and perform required maintenance.

Manually align all RN Pumphouse Intake line valves and all
return line isolation valves to SNSWP for temporary opera-
tion until line is repaired or for shutdown.

Isclated affected return line A and utilize backup train
return line B until train A is repaired.

Isolate affected RN Pump Lube Injection Strainer. Use the
other lube injection strainer to satisfy lube injection
requirements through available crossovers for up te 180
hours. After that, the unaffected train provides 100%
redundancy .



Table 9.2.1-5 (P 1
Nuc lear Service Water Flow or sible Combinations Of
ona
Unit 1 Unit 2 * Total No. Pumps Flow Per Pumps Actuated Flow Per  Min Total No. Pumps Flow Per
Mode Flow Regd Mode Flow Reqd Flow Reqd Preferred Pump by Ss Pump on Ss Flow Regd** Regd Pump
1 11781 2 15349 27130 2 13565 None
1 11781 1 10281 22062 1 22062 None
1 11781 31 23949 35730 2 17865 None
1 11781 3-3 23949 35730 2 17865 None
1 11781 B 29140 40921 2 20461 1A1B2A28 10231 30318 2 15159
1 11781 5 35506 47287 3 15763 1A1B2A28 11822 31684 2 15842
1 11781 [ 24455 36236 2 18118 None
2 16845 1 10281 27130 2 13565 None
31 26849 1 10281 37130 2 18565 None
3-3 26849 1 10281 37130 2 18565 None
4 31940 1 10281 42221 2 21111 1A1B2A28 10556 30218 2 15109
S 38306 1 10281 48587 3 16196 1A182A28 12147 12584 2 15792
[3 27355 1 10281 37636 2 18818 None
l 31940 3-1 23949 55889 3 18630 1A182A28 13973 34183 2 17092
K 31930 3-2 29630 61570 3 20524 1A1B2A28 15393 38964 2 19482
K 31940 3-3 23949 55889 3 18630 1A1B2A2B 13973 34183 2 17092
K 31540 34 29630 61570 3 20524 1A1B2A28 15393 38964 2 19482
K 31540 [ 24455 56395 3 18799 1A1B2A28 14099 34689 2 17345
3-1 26849 - 29140 55989 3 18663 1A1B2A28 13998 34283 2 17142
o 4 32668 E 29140 61808 3 20603 1A1B2A28 15452 39202 2 19601
3-3 26849 4 29140 55989 3 18663 1A182A28 13998 34283 2 17142
3-4 312668 4 29140 61808 3 20603 1A182A28 15452 39202 2 19601
[3 27355 K 29140 56495 3 18832 1A182A28 14124 34789 2 17395
5 38306 31 23949 62255 3 20751 1A1B2A28 15564 35549 2 17775
5 38306 3-2 29630 67936 3 22646 1A1B2A28 16984 40330 2 20165
5 38306 3-3 23949 62255 3 20751 1A1B2A28 15564 35549 2 17775
5 38306 3-4 29630 67936 3 22646 1A1B2A28 16984 40330 - 20165
5 38306 b 24455 62761 3 20921 1A182A28 15691 36055 2 18028
3-1 26849 5 35506 62355 3 20785 1A1B2A28 15589 35649 2 17825
3-2 32668 5 35506 €8174 3 22725 1A1B2A28 17044 40568 2 20284
3-3 26849 5 35506 62355 3 20785 1A1B2A28 15589 35649 2 17825
34 32668 5 35506 68174 3 22725 1A1B2A28 17044 40568 2 20284
2735% 5 35506 62861 3 20954 1A182A28 15716 36155 2 18078
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Table 9.2 1-5 (P 2

Nuclear Service Water Flow or Possible Combinations Of
and ational Modes
Unit 1 Unit 2 * Total No. Pumps Flow Per Pumps Actuated Flow Per Min Total No. Pumps Flow Per
Mode Flow Reqd Mode Flow Reqd Flow Reqd Preferred Pump by S5s Pump on Ss Flow Regd** Reqd Pump
3-1 26849 3-1 23949 50798 16933 None 29992 2 14596
3-2 32668 32 29630 62298 3 20766 None 39692 2 19846
l 3-3 26849 3-3 23949 50798 3 16933 Nore 29992 2 14996

34 32668 3-4 29630 62298 3 20766 None 39692 2 19846
> 26849 3-3 23949 50798 3 16933 None 29992 2 14996
3-2 32668 3-4 29630 62298 3 20766 None 39692 2 19846
3-3 26849 31 23949 50798 3 16933 None 29992 2 14996
3-4 32668 3-2 29630 62298 3 20766 None 39692 2 19846
6 27355 2 15349 42704 2 21352 None
6 27355 3-1 23949 51304 3 17102 None 30498 2 15249
[3 27355 3-2 29630 56985 3 18995 None 35279 2 17640
6 27355 3-3 23949 51304 3 17102 None 30498 2 15249
6 27355 3-4 29630 56985 3 18995 None 35279 2 17640
2 16849 6 24455 41304 2 20652 None
3-1 26849 6 24455 51304 3 17102 None 30498 2 15249
3-2 32668 [3 24455 57123 3 19041 None 35417 2 17709
3-3 26849 6 24455 51304 3 17102 None 30498 2 15249
3-4 32668 6 24455 57123 3 19041 None 35417 2 17709

*Unit 2 Flow equals Unit 1 Flow minus Control Room A/C Condenser Requirement, Aux Bldg. Radwaste Area Supply
Vent Unit, and Emerg. Supply te Inst. Air Compressors and Aftercoolers when applicable.

**Minimum total flow required is equal to Unit 2 flow (see note above) plus Unit 1 single train flow require-
ment. From Table 9.2.1-2, Line 30 (Unit 2 Mode) - Line 31 (Unit 2 Mode) + Line 30 (Unit 1 Mode) gives the
minimum total flow required.

Normal 100% power operation

Unit Startup

Fast Unit Shutdown @4 hours

Fast Unit Shutdown @4 hours with blackout

Fast Unit Shutdown 820 hours

Fast Unit Shutdown @20 hours with blackout

Safety Injection with small leak in NC or Steam Piping (Blackout Assumed)

Sump Recirculation After Containment Spray (Blackout Assumed)

Refueling Rev. 11
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COMPONENT COOLING SYSTEM HEAT LOAD AND FLOW REQUIREMENTS

TABLE 9.2.2-1 (Page 1)

FOR MODE 1, UNIT STARTUP

Equipment Coded by the Number With Number Receiving Total Heat Load Total Flow
Component Cooling System Heat Load Flow (Btu/Hr 10€) (GPM) Notes
Residual Heat Removal HXs 1 1 37.4 5000 1
Residual Heat Removal Pumps 1 2 .443 50 2
Component Cooling Pumps R 4 .216 120 3
Auxiliary Feedwater Pumps 2 2 .136 60 3
Containment Spray Pumps 0 - - 60 3
Safety Injection Pumps 0 2 - 80 4
Centrifugal Charging Pumps 0 2 # 140 4
Letdown HX 1 1 16.0 1000
Sealwater HX 1 1 1.98 250
Reciprocating Charging

Pump Brg. 0il Cooler 1 1 . 104 6
Fuel Pool Cooling Pumps 1 2 .620 80 3
Fuel Pool Cooling HXs 1 1 16. 96 3000 5
Recycle Evaporator Package 1 1 9.019 810 6
Waste Evaporator Package 1 1 9.019 810 6
Waste Gas Compressor Package 1 2 .134 100
Waste Gas Hyd. Recombiner Pack. 1 2 .07 20
Reactor Coolant Drain Tank HX 0 1 pe 225
Excess Letdown HX 1 1 5.18 250
Reactor Vessel Support Coolers 4 4 .29 40 7
Reactor Coolant Pumps 4 4 4.80 864 8
TOTALS 102. 331 12965
Rev. 11
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TABLE 9.2.2-1 (Page 2)

NOTES:

1.
2.

Discontinued after Reactor Coolant Pumps are started.

The pump motor coolers and mechanical seal heat exchanger of each pump
receive cooling flow.

The pump motor coolers of each pump receive cooling flow.

The pump motor coolers and oil cooler(s) of each pump receive cooling flow.
Only one Fuel Pool Cooling HX is assumed to be in service. However, the
Component Cooling System has sufficient capacity to place both KF HXs in
service if necessary.

Each evaporator package consists of an evaporator condenser, vent
condenser, distillate cooler, concentrate heat exchanger, concentrate
sample cooler, and the concentrate pumps bearing coolers. Only one of the
two concentrate pumps bearing coolers is assumed to be in service.

Each cooler has two flow paths.

The Thermal Barrier, Upper Snd Lower Bearing 0i1 Coolers of each Reactor
Coolant Pump receive cooling flow.

Rev. 11
Entire Page Revised



COMPONENT COOLING SYSTEM HEAT LOAD AND FLOW REQUIREMENTS

TABLE 9.2.2-1 (Page 3)

FOR MODE 2, NORMAL UNIT OPERATION

Equipment Coded by the Number With  Number Receiving Total Heat Load Total Flow
Component Cooling System Heat Load Flow (Btu/Hr 10°%) (GPM) Notes
Residual Heat Remcval HXs 0 0 " -

Residual Heat Removal Pumps 0 2 " 50 1
Component Cooling Pumps 2 4 . 108 120 2
Auxiliary Feedwater Pumps 0 2 - 60 2
Containment Spray Pumps 0 2 - 60 2
Safety Injection Pumps 0 2 - 80 3
Centrifugal Charging Pumps 0 2 - 140 3
Letdown HX 1 1 10.42 1000 4
Sealwater HX 1 1 1.98 250
Reciprocating Charging
Pump Brg. 0il Cooler 1 1 . 104 6
Fuel Pool Cooling Pumps 1 .620 80 2
Fuel Pool Cooling HXs 1 1 16.96 3000
Recycle Evaporator Package 1 1 9.019 810
Waste Evaporator Package 1 1 9.019 810
Waste Gas Compressor Package 1 2 .134 100
Waste Gas Hyd. Recombiner Pack. 1 2 .07 20
Reactor Coolant Drain Tank HX 1 1 2.3 225
Excess Letdown HX 0 0 - -
Reactor Vessel Support Coolers 4 4 &5 40
Reactor Coolant Pumps 4 A 4.80 864 7
TOTALS 55.714 7715
Rev. 11

Entire Page Revised
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NOTES:

1.

The pump motor coolers and mechanical seal heat ex.hanger of each pump
receive cooling flow.

The pump motor coolers of each pump receive coaling flow.

The pump motor coolers and oil coolers of each pump receive cooling flow
Heat load on the Letdown HX may vary from 6.52 x 10°® Btu/hr to 10.42 x 10°
Btu/hr. Normally the cooling flow is throttled to between 250 ana 660
GPM. 1000 GPM would be expected if the conirol valve failed open

Each evaporator package consists of an evaporator condenser, vent
condenser, distillate cooler, concentrate heat exchanger, concentrate
sample cooler, and the concentrate pumps bearing coolers. Only one of the
two concentrate pumps bearing coolers is assumed to be in service.

Each cooler has two flow paths.

The thermal barrier, upper and lower bearing oil coolers of each reactor
coolant pump receive cooling flow.

Rev. 11
Entire Page Revised
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TABLE 9.2.2-1 (Page 5)

COMPONENT COOLING SYSTEM HEAT LOAD AND FLOW "EQUIREMENTS

FOR MODE 3-1, NORMAL UNIT SHUTDOWN AT 4 HOURS

Equipment Coded by the Number With Number Receiving Tutal Heat Load Total Flow
Component Cooling System Heat Load Flow (Btu/Hr 10%) (GPM) Notes
Residual Heat Removal HXs 2 2 234.36 10000 1
Residual Heat Removal Pumps 2 2 . 886 50 2
Component Cooling Pumps B - .216 120 3
Auxiliary Feedwater Pumps 2 2 . 136 60 3
Containment Spray Pumps 0 2 = 60 3
Safety Injection Pumps 0 b4 - 80 4
Centrifugal Charging Pumps 1 2 .577 140 4
Letdown HX 1 1 10.42 1000 5
Sealwater HX 1 1 1.604 250
Reciprocating Charging

Pump Brg. 0il Cooler 0 1 - 6
Fuel Pool Cooling Pumps 0 2 - 80 3
Fuel Pool Cooling HXs 0 0 - -
Recycle Evaporator Package 1 1 9.9019 810 6
Waste Evaporator Package 1 1 9.019 810 6
Waste Gas Compressor Packages 1 2 .134 100
Waste Gas Hyd. Recombiner Pack. 1 2 .07 20

Reactor Coolant Drain Tank HX 1 1 2.3 225
Excess Letdown HX 0 0 = -

Reactor Vessel Support Coolers 4 Bl .25 40 7
Reactor Coolant Pumps 1 4 1.20 864 8
TOTALS 270.121 14715

Rev. 11

Entire Page Revised




TABLE 9.2.2-1 (Page 6)

NOTES:

1.

Heat load determined as follows:
Core decay heat load at 4 hours 120.21 x 10® Btu/hr
Reactor Coolant System sensible
heat load (2.01 x 10® Btu/°F at
50°F/hr cooldown rate) 100.50 x 10% Btu/hr

One Reactor Coolant Pump heat input 13.65 x 10% Btu/hr
234.36 x 1(° Btu/hr

The pump motor coolers and mechanical seal heat exchanger of sach pump
receive cooling flow.

The pump motor coolers of each pump receive cooling flow.

The pump motor coolers and oil cooler(s) of each pump receive :ooling flow.
Heat load on the Letdown HX may vary from 6.52 x 10® Bru/hr to 10.32 x 10®
Btu/hr. Normally, the cooling flow is throttled to between 250 and 660
GPM. 1000 GPM would be expected if the control valve failed open.

Each evaporator package consists of an evaporator condenser, vent
condenser, distillate cooler, concentrate heat exchanger, concentrate
sample cooier, and the concentrate pumps bearing coolers. Only one of the
two concentrate pumps bearing coolers is assumed to be in service.

Each cooler has two flow paths.

The thermal barrier, upper and lower bearing oil coolers of each reactor
coolant pump receive cooling flow.

Rev. 11
Entire Page Reviced



COMPONENT COOLING SYSTEM HEAT LOAD AND FLOW REQUIREMENTS

TABLE 9.2.2-1 (Page 7)

FOR MODE 3-2, NORMAL UNIT SHUTDOWN AT 20 HOURS

Equipment Coded by the Number With  Number Receiving Total Heat Load Total Flow
Component Cooling System Heat Load Flow (Btu/Hr 10%) (GPM) Notes
Residual Heat Removal HXs 2 2 74.75 10000
Residual Heat Removal Pumps 2 2 . 886 50 1
Component Cooling Pumps 4 4 .216 120 2
Auxiliary Feedwater Pumps 2 2 . 136 60 2
Containment Spray Pumps 0 2 e 60 2
Safety Injection Pumps 0 2 - 80 3
Centrifugal Charging Pumps 1 2 .577 140 3
Letdown HX 1 1 10.42 1000 4
Sealwater HX 1 1 1.604 250
Reciprocating Charging

Pump Brg. 0il Cooler 0 1 - 6

Fuel Pool Cooling Pumps 0 2 > 80 2
Fuel Pool Cooling HXs 0 0 = »
Recycle Evaporator Package 1 1 9.019 810
Waste Evaporator Package 1 1 9.019 810
Waste Gas Compressor Packages ~ 1 2 .134 100
Waste Gas Hyd. Recombiner Pack. 1 2 .07 20
Reactor Coolant Drain Tank HX 1 1 2.23 225
Excess Letdown HX 0 0 = *
Reactor Vessel Support Coolers 4 4 25 40

Reactor Coolant Pumps 0 4 - 864 7
TOTALS 109. 311 14715
Rev. 11

Entire Page Revised
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NOTES:

1.

The pump motor coolers and mechanical seal heat exchanger of each pump
receive cooling flow.

The pump motor coolers of each pump receive cooling flow.

The pump motor coolers and oil cooler(s) of each pump receive cooling flow.
Heat load on the Letdown HX may vary from 6.52 x 10® Btu/hr to 10.42 x 10%
Btu/hr. Normally the cooling flow is throttled to between 250 and 660
GPM. 1000 GPM would be expected if the control valve failed open.

Each evaporator package consists of an evaporator condenser, vent
condenser, distillate cooler, concentrate heat exchanger, concentrate
sample cooler, and the concentrate pumps bearing coolers. Only one of the
two concentrate pumps bearing coolers is assumed to be in service.

Each cooler has two flow paths.

The thermal barrier, upper and lower bearing oil coolers of each reactor
coolant pump receive cooling flow.

Rev. 11
Entire Page Revised




TABLE 9.2.2-1 (Page 9)
COMPONENT COOLING SYSTEM HEAT 1LOAD AND FLOW REQUIREMENTS

FOR MODE 3-3, UNIT SHUTDOWN AT 4 HOURS (LOCA ON OTHER UNIT)

Equipnént Coded by the Number With  Number Receiving Total Heat Load Total Flow
Component Cooling System Heat Load Flow (Btu/Hr 10%) (GPM) Notes
Residual Heat Removal HXs 1 1 133.86 5000 1
Residual Heat Removal Pumps 1 2 .443 50 2
Component Cooling Pumps 2 4 . 108 120 3
Auxiliary Feedwater Pumps 1 2 .068 60 3
Containment Spray Pumps 0 2 g 60 3
Safety Injection Pumps 0 2 - 60 4
Centrifugal Charging Pumps 1 2 .577 140 4
Letdown HX 1 1 10.42 1000 5
Sealwater HX 1 1 1.604 250
Reciprocating Charging

Pump Brg. 011 Cooler 0 1 - 6

Fuel Pool Cooling Pumps 0 2 - 80 3
Fuel Pool Cooling HXs 0 0 - g

Recycle Evaporator Package 0 1 e 810 6
Waste Evaporator Package 0 1 - 810
Waste Gas Compressor Packages 1 2 .134 100
| Waste Gas Hyd. Recombiner Pack. 1 2 .07 20
Reactor Coolant Drain Tank HX 1 1 2.23 225
Excess Letdown HX 0 0 = ¢

Reactor Vessel Support Coolers 4 4 .25 40 7
Reactor Coolant Pumps j | R 1.2 864
TOTALS 150. 964 9715
Rev. 11

Entire Page Revised
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NOTES:

Heat load determined as follows:
Core decay heat load at 4 hours 120.21 x 10 Btu/hr

One Reactor Coolant Pump heat input 13.65 x 10% Btu/hr
133.86 x 10° Btu/hr

The cooldown will proceed slowly as the decay heat load decreases.

The pump motor coolers and mechanical seal heat exchanger of each pump
receive cooling flow.

The pump motor coolers of each pump receive cooling flow.

The pump motor coolers and o0il cooler(s) of each pump receive cooling flow.
Heat load on the Letdown HX may vary from 6.52 x 10® Btu/hr to 10.42 x 10%
Btu/hr. Normally, the cooling flow is throttled to between 250 and 660
GPM. 1000 GPM would be expected if the control valve failed open.

Each evaporator package consists of an evaporator condenser, vent
cendenser, distillate cooler, concentrate heat exchanger, concentrate
sample cooler, and the concentrate pumps bearing coolers. Only one of the
two concentrate pumps bearing coolers is assumed to be in service.

Each cooler has two flow paths.

The thermal barrier, upper and lower bearing oil coolers of each reactor
coolant pump receive cooling flow.

Rev. 11
Entire Page Revised
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TABLE 9.2.2-1 (Page 13)

COMPONENT COOLING SYSTEM HEAT LOAD AND FLOW REQUIREMENTS

I FOR MODE 4, REFUELING
Equipment Coded by the Number With  Number Receiving Total Heat Load Total Flow
Component Cooling System Heat Load Flow (Btu/Hr 10%) (GPM) Notes
* Residual Heat Removal HXs 2 2 42.97 10000 1
Residual Heat Removal Pumps 2 2 . 886 50 2
Component Cooling Pumps 4 R .216 120 3
Auxiliary Feedwater Pumps 0 2 - 60 3
Containment Spray Pumps 0 2 - 60 3
Safety Injection Pumps 0 2 - 80 R
Centrifugal Charging Pumps 0 2 - 140 4
Letdown HX 0 1 - 1000 5
Sealwater HX 0 1 - 250
Reciprocating Charging
l Pump Brg. 0il Cooler 1 1 .104 6
Fuel Pool Cooling Pumps 1 2 .620 80 3
Fuel Pool Cooling HXs 1 1 16.96 3000 6
Recycle Evaporator Package 1 1 9.019 810 7
Waste Evaporator Package 1 1 9.019 810 7
Waste Gas Compressor Packages 1 2 .134 100
|  Waste Gas Hyd. Recombiner Pack. 1 2 .07 20
Reactor Coolant Drain Tank HX 0 1 . 225
Excess Letdown HX 0 0 - -
Reactor Vessel Support Packages 4 4 2D 40 8
Reactor Coolant Pumps 0 4 - 864 9
TOTALS 80.248 17715
Rev. 11
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TABLE 9.2.2-1 (Page 1)

NOTES:

¥

Heat load is core decay heat at 4 days after zero power, at which time
transfer of fuel assemblies is expected to begin.

The pump motor coolers and mechanical seal heat exchanger of each pump
receive cooling flow.

The pump motor coolers of each pump receive cooling flow.
The pump motor coolers and oil cooler(s) of each pump re-eive cooling flow.

1000 GPM cooling flow would be expected if the control valve failed open.
Normally, with no heat load the flow would tend towards zero.

One Fuel Pool Cooling HX is assumed for normal refueling. Flow should be
blocked to nonessential equipment with no heat load if both Fuel Pool
Cooling HXs are necessary.

Each evaporator package consists of an evaporator condenser, vent
condenser, distillate cooler, concentrate heat exchanger, concentrate
sample cooler, and the concentrate pumps bearing coclers. Only one of the
two concentrate pumps bearing coolers is assumed to be in service.

Each cooler has two flow paths.

The thermal barrier, upper and lower bearing oil coolers of each reactor
coolant pump receive cooling flow.

Rev. 11
Entire Page Revised



COMPONENT COOLING SYSTEM HEAT LOAD AND FLOW REQUIREMENTS

TABLE 9.2.2-1 (Page 15)

FOR MODE 5-1, ENGINEERLD SAFEGUARDS (SAFETY INJECTION)

Equipment Coded by the Number With  Number Receiving Total Heat Load Total Flow
Component Cooling System Heat Load Flow (Btu/Hr 10%) (GPM) Notes
Residual Heat Removal HXs 0 2 pe 10000 1
Residual Heat Removal Pumps 2 2 . 886 50 2
Component Cooling Pumps 4 Rl .216 120 3
Auxiliary Feedwater Pumps 2 2 .136 60 3
Containment Spray Pumps 2 2 9 60 3
Safety Injection Pumps 2 2 1.132 80 4
Centrifugal Charging Pumps 2 2 1.154 140 4
Létdown HX 0 0 . »

Sealwater HX 0 0 - #
Reciprocating Charging

Pump Brg. 0i1 Cooler 0 0 - -

Fuel Pool Cooling Pumps 0 0 = o

Fuel Pool Cooling HXs 0 1] - -
Recycle Evaporator Package 0 0 - -
Waste Evaporator Package 0 0 - -
Waste Gas Compressor Packages 0 0 - -

Waste Gas Hyd. Recombiner Pack. 0 0 - -

Reactor Coolant Drain Tank HX 0 1 - 250 5
Excess Letdown HX 0 1 * 225 6
Reactor Vessel Support Coolers 0 4 o 40 7
Reactor Coolant Pumps 0 4 - 864 8
TOTALS 4.296 11889

Rev. 11

Entire Page Revised



TABLE 9.2.2-1 (Page 16)

NOTES:

1.

Cooling flow is supplied although there is no heat load on the Residual
Heat Removal HXs during the safety injection mode of operation.

The pump motor coolers and mechanical seal heat exchanger of each pump
receive cooling flow.

The pump motor coolers of each pump receive cooling flow.
The pump motor coolers and 0il cooler(s) of each pump receive cooling flow.

The Reactor Coolant Drain Tank HX will continue to receive cooling flow
until the containment high pressure signal is received, when cooling flow
is automatically secured.

If the Excess Letdown HX is receiving cooling flow when the safety
injection signal is received, it will continue to receive cooling flow
until the containment high pressure signal is received, when flow is
automatically secured.

The Reactor Vessel Support Coolers receive cooling flow until the
containmént high-high pressure signal is received, when flow is
automatically secured. Each cooler has two flow paths.

The Reactor Coolant Pumps receive cooling flow until the containment
high-high pressure signal is received, when flow is automatically secured.
The thermal barrier, upper and lower bearing oil coolers of each pump
receive cooling flow.

Rev. 11
Entire Page Revised
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COMPONENT COOLING SYSTEM HEAT LOAD AND FLOW REQUIREMENTS

FOR MODE 5-2, ENGINEERED SAFEGUARD (RECIRCULATION)

Equipment Coded by the Number With  Number Receiving Total Heat Load Total Flow
Component Cooling System Heat Load Flow (Btu/Hr 10%) (GPM) Notes
Residual Heat Removal HXs 2 2 95.03 10000
Residual Heat Removal Pumps 2 2 . 886 50 1
Component Cooling Pumps 1 Rl .216 120 2
Auxiliary Feedwater Pumps 2 2 .136 60 2
Containment Spray Pumps 2 2 72 60 2
Safety Injection Pumps 2 2 1.132 80 3
Centrifugal Charging Pumps 2 2 1.154 140 3
Letdown HX 0 0 o -

Sealwater HX 0 0 - -
Reciprocating Charging
Pump Brg. 0il Cooler 0 0 - -
Fuel Pool Cooling Pumps 0 0 - -
Fuel Pool Cooling HXs 0 0 - e
Recycle Evaporator Package 0 0 - >
Waste Evaporator Package 0 0 " -
Waste Gas Compressor Packages 0 0 " -
Waste Gas Hyd. Recombiner Pack. 0 0 - -
Reactor Coolant Drain Tank HX 0 1 - 250 4
Excess lLetdown HX 0 1 * 225 5
Reactor Vessel Support Coo'ers 0 4 - 40 6
Reactor Coolant Pumps 0 4 - 864 7
TOTALS 99.326 11889
Rev. 11

Entire Page Revised



TABLE 9.2.2-1 (Page 18)

NOTES:

1. The pump motor coolers and mechanical seal heat exchanger of each pump
receive cooling flow.

2. The pump motor coolers of each pump receive cooling flow.
3. The pump motor coolers and oil cooler(s) of each pump receive cooling flow.

4. The Reactor Coolant Drain Tank HX will continue to receive cooling flow
until the containment high pressure signal is received, when cooling flow
is automatically secured.

8. If the Excess Letdown HX is receiving cooling flow when the safety
injection signal is received, it will continue to receive cooling flow
until the containmeni high pressure signal is received, when flow is
automatically secured.

6. The Reactor Vessel Support Coolers receive cooling flow until the
containment high-high pressure signal is received, when flow is
automatically secured. Each cooler has two flow paths.

7.  The Reactor Coolant Pumps receive cooling flow until the containment
high=high pressure signal is received, when flow is automatically secured.
The thermal barrier, upper and lower bearing oil coolers of each pump
receive cooling flow.

Rev. 11
Entire Page Revised



Table 3.2.2-2 (Page 1)

COMPONENT CDObING SYSTEM VALVE ALIGNMENT FOR

Valve

Number
1KC1A

1KC3A

1KC50A
1KC230A
1KC56A (4)
1KC188
1KC28 0
1KC538 0
1KC2288 0
1KC818 (4)
1KC148 (4,6)
1KC155 (4,6)
1KC225*
1KC252*
1KC463*
1KC477*
1KC320A
1KC3328
1KC333A
1KC3058
1KC3158
1KC3388
1KCa248
1KC425A

o ©C O O -

o

o

©C O O © O O O O © © O

* On Unit 1 only.

XOOOOXQOOONg

(4)
(4)

©C O O x x ©O O C O O o o

“w

O~
——

O © O X x O O O O O O O x x O O © © © © © ©0 ©o o

41

ration

32 33

O © O X x O ©0 O O ©O 0O O x x O O O OO0 ©o oo o oo o

(4)

©C O O x x O O O O O © © > x

4 5-1
0 (1)
(2) (3)
0 (1)
(2) (3)
0 (5
(2) (3)
0 (1)
0 (1)
(2) (3)
0 (5
(4,6) -

(4,6) -

0 -

©C O O x x ©€ O © ©O © ©
~
~
~—

Figure Loc.

9.2.2-1 (-6
9.2.2-1 (-6
9.2.2°1 =7
9.2.2°1 K7
9.2.22 €4
9.2.2-1 (-9
9.2.21 (-9
9.2.2-1 K-8
9.2.2-1 K-8
9.2.2-2 E-11
9.2.2-3 G-9
9.2.2.3 G-12
9.2.2-7 G-8
9.2.2-7 G-6
9.2.2-7 G~2
9.2.8=7 P-4
9.2.2-4 B-10
9.2.2°4 E-2
9.2.2-4 G-2
9.2.2.4 0-13
9.2.24¢ -3
9.2.2-4 D-12
9.2.2-4 L-5
9.2.2-4 L-7

Rev. 11
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Table 9.7.2-2 (Page 2)

Nonmenclature: 0 - open

X = closed

= = downstream of a closed valve

Valves listed in this table are isolation valves which are regularly manipu-
lated to align the system for its various modes of operation. All other
isolation valves should remain in the position indicated on the flow diagrams
except for changes required for maintenance, or emergency situations.

NOTES:

¥
' &

Closes on S-cignal (Safety Injection Signal).

Normally open, but closed when both fuel pool cooling HXs are used in
refueling.

Closes on P-signal (High-High Containment Pressure Signal).

Valve may be open or closed, depending on which train (or heat exchanger)
is in operation and which is serving as backup.

Opens on S-signal (Safety Injection Signal).
Both fuel pool cooling HXs may be in operation. See Note 2.
Normally open, closes on T-signal (High Containment Pressure Signal).

Normally closed, closes on T-signal (High Containment Pressure Signal) if
open.

Rev. 11
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Component Cooling System Component Design Data

COMPONENT COOLING PUMPS

Number per unit

Type

Design Pressure, psig
Design Temperature, F
Design Flow, gpm

Design Head, ft.

Max. Flow Rate, gpm
Shutoff Head, ft.
Minimum Flow Rate, ypm
NPSH Required At Design Flow, Ft.
Material of Construction

COMPONENT COOLING HEAT EXCHANGERS

Number per Unit

Design Pressure, psig

Design Temperature, F
Estimated UA, BTU/HR F

Design Flow (Shell Side), LB/HR
Design Flow (Tube Side), LB/HR
Shell Side Inlet Temp., F
Shell Side Outlet Temp., F
Tube Side Inlet Temp., F

Tube Side Outlet Temp., F

Max. Pressure Loss, psi

Shell Side Fouling Factor

Tube Side Fouling Factor

Shell Side Material

Tube Side Material

COMPONENT COOLING SURGE TANK

Number per Unit

Total Volume per tank, gal

Normal Water Volume per tank, gal
Normal Pressure, psig

Design Pressure, psig

Design Temperature, F

Material of Construction

4
Centrifugal
150

200

3760

200

4340

243.5

1000

13.7
Carbon Steel

2

150

200

6.82 X 10°
3.242 X 108
5.000 X 108
172

110

90

130.4

15

. 0005

.002

Carbon Steel
Inhibited Admiralty

2

3925

2500

0

15

200

304 Stainless Steel

Rev.
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All sample lines are provided with a local sample valve in the sample room
sink. The sample sink is located in a hooded enclosure which is equipped with
an exhaust ventilator. The work area around the sink and enclosure is large
enough for sample collection and storage of radiation monitoring equipment.

Shielding is provided where required for personnel protection (refer to Section
12.1). Local instrumentation is provided to permit manual control of sampling
operations and to assure that the samples are at suitable temperature and
pressures before diverting flow to the sample sink.

Sample heat exchangers are provided to cool samples from the reactor coolant
loops, residual heat remcval loops, pressurizer steam and liquid spaces, and
the steam generator blowdowi: 'ines. A delay coil is provided for decay of
short-lived radionuclides present in the reactor coolant loop samples. In
the samplie room manually controlled valves are provided to reduce pressure.
Sample vessels are provided to obtain degassed reactor coolant liquid and
dissclved gas samples for laboratory analysis.

A gaseous sample from the volume control tank in the chemical and volume con-
trol system is collected in a sample vessel.

The steam generator blowdown sample lines are taken off the blowdown lines as
close to the steam generator as practical in order tuv provide representative
samples and satisfactory radioactivity control. The steam generator upper shell
sample lines are taken directly off the steam generator. They are tied, along
with the blowdown sample lines, into c.mmon steam generator sample lines to the
sample room. The sample line flow from each steam generator is cooled by a sam-
ple heat exchanger. Downstream of the sample heat exchanger each sample line
separates into 3 paths. One path connects all four sample lines together for
manual sampling at the primary sample sink. Another path connects all four
sample lines together and directs the flow through a radiation monitor. The
flow from the radiation monitor is directed to the conde’.sate storage tank of
the Condensate Storage System. Individual lines are prouvided for each steam
generator sample header, directing flow to the conventional sampling panel.

Each 1ine contains an air operated isolation valve which will auvtomatically
close on a signal from the radiation monitor. Containment isolation valves
are provided in each of the steam generator sample lines and are arranged so
that the operator may select sample flow from either the upper shell or the
blowdown line of each steam generator. These valves close automatically on
the safety injection signal. The ability to obtain a manual sample in the
primary sample sink for identifying the responsible steam generator following
a radiation monitor alarm is provided.

The principal components of the system are the sample heat exchangers, delay
coil, sample vessels and the sample sink. Component safety classifications
and codes are listed in Table 3.2.2-2. Component design is as follows:

Sample Heat Exchangers

Sample heat exchangers are provided to cool samples originating from the
pressurizer, the reactor coolant loops, the residual heat removal loops and

9.3-4 Rev. 11
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the steam generator blowdown sample lines. The samples flow through the tube
side and water from the Auxiliary Building Cooling System (YN) circulates
through the shell side.

Delay Coil

A delay coil, consisting of coiled tubing, is provided in the high pressure sample
line from the reactor coolant loops. The delay coil has sufficient length to
provide at least a 40 second sample transit time within the Containment. An
additional 20 seconds transit time is provided from the Containment to the

sample sink. The delay allows for decay of the short lived isotope N16 to a

level that permits normal access to the sample room.

Sample Vessels

Sample vessels are provided in the sample lines from the pressurizer, the
reactor coolant lToops and the volume control tank to obtain liquid and gas
samples for laboratory analysis.

Sample Sink

Two sample sinks are provided in each sample room. 0ne sink includes all the
samples which require heat exchangers or sample vessels plus the accumulator
sample lires. The second sink includes all the other sample lines. Both
sinks drain to the waste feed tank of the Liquid Radwaste System.

The sinks are located in a hooded enclosure which is supplied with a continu-
ously running exhaust fan. The fan discharges to the unit vent. The enclosure
is penetrated by the sample lines, and a demineralized water line for each sink.
Manual valves, for sample lines discharge isolation and flow control, are
mounted on panels above each sink.

Each sample is listed in Table 9.3.2-1 giving the sampled system, sample loca-
tion, and system design temperature and pressure. All sample lines originating
inside the containment are safety class 2 through the containment to the out-
side isolation valve. From the outside isolation to the sample sink the piping
is non nuclear safety, but is adequately shielded. Sample lines originating at
the reactor coolant lines are safety class 2. A 0.236 id connection is requir-
ed to change from safety class 1 to safety class 2. Sample lines originating
at the pressurizer are safety class 1 until a flow restrictor transition piece
where the piping becomes safety ciass 2. All sample lines originating outside
the containment are the same safety class unti]l the root valve or closed isola-
tion valve where the piping class changes to non nuclear safety. All piping
safety class boundaries meet the ANS1 N18.2 Code.

The Post-Accident Sampling System is discussed in the response to Question 281.9.
5.3.8:.8.2 Conventional Sampling System

The Conventional Sampling System, as shown on Figures 9.3.2-6 through 9.3.2-10
is designed to allow random grab samples and/cr continuous monitoring of the
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leaks. The Chemical and Volume Control System aiso removes excess lithium
from the reactor coolant, keeping the lithium concentration within the desired
limits of pH control.

The Chemical and Volume Control System provides a means for adding chemicals
to the Reactor Coolant System, controlling the pH of the coolant during initial
startup and subsequent operation, scavenging oxygen from the coolant during
startup, and controlling the oxygen level of the reactor coolant due to rad-
iolysis during all operation subsequent to startup. The Chemical and Volume
Control System is capable of maintaining the oxygen content and pH of the
reactor coolant within limits specified in Table 5.2.3-4 during all operation
subsequent to startup.

9.3.4.1.4 Reactivity Control

The Chemical and Volume Control System regulates the concentration of chemical
neutron absorber (boron) in the reactor coolant to control reactivity changes

resulting from the change in reactor coolant temperature between cold shutdown
and hot full-power operation, burnup of fuel and burnable poisons, buildup of

fission products in the fuel, and xenon transients.

Reactor Makeup Control

1. The Chemical and Volume Control System is capable of borating the Reactor
Coolant System through either one of three flow paths: (a) through blender
to VCT, (b) through blender to charging pump, and (c) directly to charging

pumps .

2. The amount of boric acid stored in the Chemical and Volume Control System
always exceeds t~ t amount required to borate the Reactor Coolant System
to cold shutdow. .oncentration assuming that the control assembly with
the highest reactivity worth is stuck in its fully withdrawn position.
This amount of boric acid also exceeds the amount required to bring the
reactor to hot shutdown and to compensate for subsequent xenon decay.

Boron Thermal Regeneration

The Chemical and Volume Control System is designed to control the changes in
reactor coolant boron concentration to compensate for the xenon transients
during load follow operations without adding makeup for either boration or
dilution. This is accomplished by the boron thermal regeneration process
which is designed to allow load follow operations as required by the design
load cycle.

9.3.4.1.5 Emergency Core Cooling
The centrifugal charging pumps in the Chemical and Volume Control System serve
as the high-head safety injection pumps in the Emergency Core Cooling System.

Other than the centrifugal charging pumps and associated piping and valves,
the Chemical and Volume Control System is not required to function during a
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and dilution operations, especially during load follow, part or all of the
letdown flow heading for the volume control tank may be directed to the Boron
Recycle System via the diversion valve. Hydrogen (from the Hydrogen Bulk
Storage System) is continuously supplied to the volume control tank where it
mixes with fission gases which are stripped from the reactor coolant in the
gas space. The contaminated hydrogen is vented back to the Waste Gas System.
The partial pressure of the hydrogen gas mixture in the volume control tank
determines the concentration of hydrogen dissolved in the reactor coolant for
control of oxygen produced by radiolysis of water in the core.

Three charging pumps (one positive displacement pump, and two centrifugal
charging pumps) are provided to take suction from the volume control tank and
return the pu-ified reactor coclant to the Reactor Coolant System through the
charging line. Charging flow is handled by either of the charging pumps.
Normally, charging flow is handled by the single positive displacement recipro-
cating charging pump which is equipped with suction and discharge pulsation
dampeners. These dampeners relieve the stress which is exerted on the piping
from the positive displacement reciprocating charging pump. The charging flow
splits into two paths which provide reactor coolant pump seal injection and
Reactor Coolant System charging. The bulk of the charging flow is pumped back
to the Reactor Coolant System through the tube side of the regenerative heat
exchanger raising che charging flow to a temperature approaching the reactor
coolant temperature. The flow is then injected into a cold leg of the Reactor
Coolant System. Two charging paths are provided from a point downstream of the
regenerative heat exchanger for rapid boration of the system. A flow path is
also provided from the regenerative heat exchanger outlet to the pressurizer
spray line. A motor operated valve in the spray line is available to provide
auxiliary spray to the vapor space of the pressurizer. A line from the RHR
System also supplies pressurizer spray. This line was added in order to handle
a temperature transient which exists at the pressurizer nozzle. Pressurizer
spray under normal operation is supplied by the RHR System. This provides a
means of cooling the pressurizer near the end of unit cooldown, when the
reactor coolant pumps, which normally provide the driving head for the pressur-
izer spray, are not operating.

A portion of the charging flow is directed to the reactor coolant pumps
(nominally 8 gpm per pump) through a seal water injection filter. The flow is
directed downward to a point between the pump shaft bearing and the thermal
barrier cooling coil. Here the flow splits and a portion (nominally 5 gpm per
pump) enters the Reactor Coolant System through the labyrinth seals and thermal
barrier. The remainder of the flow is directed upward along the pump shaft,
cooling the lower bearing, and to the number 1 seal leakoff. The number 1

seal leakoff flow discharges to a common manifold, exits from the containment,
and then passes through the seal water return filter and the seal water heat
exchanger to the volume control tank. A very small portion of the seal flow
leaks through to the number 2 seal. A number 3 seal provides a final barrier
to leakage to Containment atmosphere. The number 2 and 3 seal leakoff flows
are discharged to the reactor coolant drain tank in the Liquid Radwaste System.
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A standpipe is provided to assure a backpressure of at least 7 faet of water on
the number 3 seal and warn of excessive number 2 seal leakage. The first
outlet from the standpipe has an orifice to permit normal number 2 seal leakage
to flow to the reactor coolant drain tank; excessive number 2 leakage results
in a rise in standpipe level and eventual overflow to the reactor coolant drain
tank via a second overflow connection.

An alternate letdown path from the Reactor Coolant System is provided in the
event that the normal letdown path is inoperable. Reactor coolant can be
discharged from a cold leg to flow through the tube side of the excess letdown
heat exchanger where it is cooled by component cooling water. Downstream of
the heat exchanger a remote-manual control valve controls the letdown flow.

The flow normally joins the number 1 seal discharge manifold and passes through
the seal water return filter and heat exchanger to the VCT. The flow can also
be directed to the reactor coolant drain tank. When the normal letdown line is
not available, the normal purification path is also not in operation. There-
fore, this alternate conuition would allow continued power operation for a
limited period of time, dependent on Reactor Coolant System chemistry and
activity. The excess letdown flow path is also used to provide additional
letdown capability during the final stages of unit heatup. This path removes
some of the excess reactor coolant due to expansion of the system as a result
of the Reactor Coolant System temperature increase. In this case, the excess
letdown is diverted to the reactor coolant drain tank.

Surges in Reactor Coolant System inventory due to load changes are accommodated
for the most part in the pressurizer. The volume control tank provides surge
capacity for reactor coolant expansion not accommodated by the pressurizer.

If the water level in the volume control tank exceeds the normal operating
range, a proportional controller modulates a three way valve downstream of the
reactor coolant filter to divert a portion of the letdown to the Boron Recycle
System. If the high-level limit in the volume control tank is reached, an
alarm is actuated in the control room and the letdown flow is completely
diverted to the Boron Recycle System.

The Boron Recycle System receives and processes reactor coolant effluent for
reuse of the boric acid and purified water. The system decontaminates the
effluent by means of demineralization and gas stripping, and uses evaporation
to separate and recover the boric acid and reactor makeup water.

Low level in the volume control tank inftiates makeup from the reactor makeup
control system. [f the reactor makeup control system does not supply sufficient
makeup to keep the volume control tank level from falling to a lower level, a
Tow alarm is actuated. Manual action may correct the situation or, if the

level continues to decrease, an emergency low level signal from the two level
channels causes the suction of the charging pumps to be transferred to the
refueling water storage tank.
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A boron concentration measurement system is provided, by the use of a boron
meter, to monitor the boron content of the reactor coolant in the letdown
line. The boron concentration is indicated in the main control room.

The boric acid is stored in two boric acid tanks. Two boric acid transfer
pumps are provided with one pump normally aligned for service and the second
pump in reserve. On.a demand signal by the reactor makeup controller, the pump
starts and delivers boric acid to the suction header of the charging pumps.

The pump can also be used to recirculate the boric acid tank fluid.

A1l portions of the Chemical and Volume Control System which normally contain
concentrated boric acid solution (4 weight percent boric acid) are required to
be located within a heated area in order to maintain solution temperature at 2
65°F. If a portion of the system which normally contains concentrated boric
acid solution is not located in a heated area, it is provided with some other
means (e.g. heat tracing) to maintain solution temperature at > 65°F.

The reactor makeup water pumps, taking suction from the reactor makeup water
storage tank, are employed for various makeup and flushing operations through-
out the systems. One of these pumps starts on demand from the reactor makeup
controller and provides flow to the suction header of the charging pumps or
the volume control tank,

Ouring reactor operation, changes are made in the reactor coolant boron concen-
tration for the following conditions:

1. Reactor startup - boron concentraztion must be decreased from shutdown
concentration to achieve criticality.

2. Load follow = boron concentration must be either increased or decreased
to compensate for the xenon transient following a change in load.

3. Fue! burnup - boron concentration must be decreased to compensate for
fuel burnup and the bufldup of fission products in the fuel.

4, Cold shutdown = boron concentration must be increased to the cold shutdown
concentration.

The Boron Thermal Regeneration System is normally used to control boron con=
centration to compensate for xenon transients during load follow operations,
Boron thermal regeneration can also be used in conjunction with dilution
operations of the Reactor Makeup Control System to reduce the amount of ef-
fluent to be processed by the Boron Recycle System. A description of the
Boron Thermal Regeneration System is given in Section 9 3.6.

The Reactor Makeup Control System can be set up for the following modes of
operation:
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line. Temperature indication is provided on the main control board. If the
outlet temperature from the heat exchanger is excessive, a high temperature
alarm is actuated and a temperature controlled valve diverts the letdown
directly to the volume contro! tank.

9.3.4.2.3.5 Excess Letdown Heat Exchanger

The excess letdown heat exchanger cools reactor coolant letdown flow. The
excess letdown heat exchanger can be employed either when normal letdown is
temporarily out of service to maintain the reactor in operation or it can be
used to supplement maximum letdown during the final stages of heatup. The
letdown flows through the tube side of the unit and component cooling water is
circulated through the shell., All surfaces in contact with reactor coolant
are austenitic stainless steel and the shell is carbon steel. All tube joints
are welded.

A temperature detector measures temperature of excess letdown downstream of
the excess letdown heat exchanger. Temperature indication and high temperature
alarm are provided on the main control board.

A pressure sensor indicates the pressure of the excess letdown flow downstream
of the excess letdown heat exchanger and excess letdown control valve. Pressure
indication is provided on the main control board.

9.3.4.2.3.6 Seal Water Heat Exchanger

The seal water heat exchanger is designed to cool fluid from three sources:
reactor coolant pump #1 seal water returning to the Chemical and Volume Control
System, reactor coolant discharged from the excess letdown heat exchanger, and
centrifugal charging pump bypass flow. Reactor coolant flows through the tube
side of the heat exchanger and component cooling water is circulated through
the shell. The design flow rate is equal to the sum of the excess letdown
flow, maximum design reactor coolant pump seal leakage, and bypass flow from
one centrifugal charging pump. The unit is designed to cool the above flow to
the temperature normally maintained in the volume control tank. All surfaces
in contact with reactor coolant are austenitic stainless steel and the shell
is carbon steel.

9.3.4.2.3.7 Volume Control Tank

The volume control tank provides surge capacity for part of the reactor coolant
expansion volume not accommodated by the pressurizer. When the level in the
tank reaches the high level setpoint, the remainder of the expansion volume is
accommodated by diversion of the letdown stream to the Boron Recycle System.

It also provides a means for introducing hydrogen into the coolant to maintain
the required equilibrium concentration of 25-35 cc hydrogen (at STP per kilogram
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of water) and is used for degassing the reactor coolant. It also serves as a
head tank for the charging pumps.

A spray nozzle located inside the tank on the letdown line nozzle provides
liquid-to-gas contact between the incoming filuid and the hydrogen atmosphere
in the tank.

A remotely operated vent valve, discharging to the Waste Gas System permits
continuous removal of gaseous fission products which are stripped from the
reactor coolant and collected in this tank. Relief protection, gas space
sampling, and nitrogen purge connections are also provided. The tank also
accepts the seal water return flow from the reactor coolant pumps.

Volume control tank pressure and temperature are monitored with indication
given in the Control Room. Alarm is given in the Control Room for high and
low pressure conditions and for high temperature.

Two level channels govern the water inventory in the volume control tank.
These channels provide local and remote level indication, level alarms, level
control, makeup control, and emergency makeup control.

If the volume control tank level rises above the normal operating range, one
channel provides an analog signal to the proportional controller which modulates
the three-way valve downstream of the reactor coolant filter to maintain the
volume control tank level within the normal operating band. The three-way
valve can split letdown flow so that a portion goes to the Boron Recycle Sys-
tem and a portion ¢ “e volume control tank. The controller would operate

in this fashion duri g a dilution operation when reactor makeup water is being
fed to the volume control tank from the reactor makeup control system.

If the modulating function of the channel fails and the volume control tank
level continues to rise, the high level alarm alerts the operator to the
malfunction and the letdown flow can be manually diverted to the holdup tanks.
If no action is taken by the operator and the tank level continues to rise,
the full letdown flow is automatically diverted.

During normal power operation, a low level in the volume control tank initiates
automatic makeup which injects a pre-selected blend of boric acid and water

into the charging pump suction header. When the volume control tank is restored
to normal, automatic makeup stops.

If the automatic makeup fails or is not aligned for operation and the tank
level continues to decrease, a low level alarm is actuated. Manual action may
correct the situation or, if the level continues to decrese, an emergency low
level signal from both channels opens the stop valves in the refueling water
supply line and closes the stop valves in the volume control tank outlet line.
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9.3.4.2.3.8 Boric Acia Tanks

Two boric acid tanks are shared by the two units. During normal operation,
one tank supplies boric acid solution for each unit. Each tank is designed to
store sufficient boric acid solution for a cold shutdown from full power
operation immediately following refueling with the most reactive control rod
not inserted, plus operating margins.

The concentration of boric acid solution in storage is maintained between 4
and 4.4 percent by weight. Periodic manual sampling and corrective action, if
necessary, assures that these limits are maintained. Therefore, measured
amounts of boric acid solution can be delivered to the reactor coolant to
control the concentration.

A temperature sensor provides temperature measurement of each tank's contents.
Temperature indication is provided as well as high and low temperature alarms
which are indicated on the main control bcard.

Two level detectors indicate the level ‘- -ach boric acid tank. Level indica-
tion with high, low, and low-low level alarms is provided on the main control
board. The low-low level alarm is sel to alarm when the tank level drops
below the minimum level required to as ure that sufficient boric acid solution
is available to reach cold shutdown with the most reactive rod stuck out.

9.3.4.2.3.9 Batching Tank

The batching tank is used for mixing a makeup supply of boric acid solution
for transfer to the boric acid tanks. The tank may also be used for solution
storage. A boric acid batching tank pump is used to transfer the batching
tanks contents to the boric acid tanks.

A local sampling point is provided for verifying the solution concentration
prior to transferring it out of the tank. The tank is provided with an agitator
to improve mixing during batching operations and a steam jacket for heating

the boric acid solution.

9.3.4.2.3.10 Chemical Mixing Tank

The primary use of the chemical mixing tank is in the preparation of caustic
solutions for pH control and hydrazine solution for oxygen scavenging.

9.3.4.2.3.11 Mixed Bed Demineralizers
Two flushable mixed bed demineralizers assist in naintaining reactor coolant
purity. A lithium-form cation resin and hydroxy.-form anion resin are charged

into the demineralizers. The anion resin is converted to the borate form
during operation. Both types of recin remove fission and corrosion products.
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The resin bed is designed to provide a decontamination factor of ten for most
fission products (exceptions are cesium, yttrium, and molybdenum).

Each demineralizer has sufficient capacity for approximately one core cycle
with one percent defective fuel rods. One demineralizer serves as a standby
unit for use if the operating demineralizer becomes exhausted during operation.

A temperature sensor measures temperature of the letdown flow downstream of
the lTetdown heat exchanger and controls the letdown flow to the mixed bed
demineralizers by means of a three-way valve. [f the letdown temperature
exceeds the allowable resin operating temperature, (approximately 140°F), the
flow automatically bypasses the demineralizers. Temperature indication and
high alarm are provided on the main control board. The air operated three-way
valve failure mode directs flow to the volume control tank.

Because of the possibility of loss of resin through the inlet of this dem-
ineralizer during the process in which resin is removed, a resin strainer
has been installed in the inlet piping.

9.3.4.2.3.12 Cation Bed Demineralizers

A flushable cation resin bed in the hydrogen form is located downstream of the
mixed bed demineralizers and is used intermittently to control the concentra-
tion of excess of Li7 which builds up in the coolant from the 8! (n,a) Li’
reaction. The demineralizer also has sufficient capacity to maintain the
cesium=137 concentration in the coolant below 1.0 8Ci/cc with 1 percent defec-
tive fuel. The resin bed is designed to reduce the concentration of ionic
130topos. particularly cesium, yttrium, and molybdenum by a minimum factor of

Because of the possibility of loss of resin through the inlet of this dem-
ineralizer during the process in which resin is removed, a resin strainer
has been installed in the inlet piping.

The cation bed demineralizer has suffici~nt capacity for apnroximately one
core cycle with one percent defective fuel rods.

9.3.4.2.3.13 Reactor Coolant Filters

Two reactor coolant filters are located on the letdown line. One filter is
located upstream of the mixed bed demineralizers, and the second is located
upstream of the volume control tank. The filters collect resin fines and
particulates from the letdown stream. The design flow capacity of each filter
is greater than the maximum purification flow rate.

Two local differential pressure indicators are provided for each reactor
coolant filter.
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9.3.4.2.3.14 Seal Water Injection Filters

Two seal water injection filters are located in paraliel in a common line to
the reactor coolant pump seals; they collect particulate matter that could be
harmful to the seal faces. Each filter is sizec to accept flow in excess of
the normal seal water flow requirements.

A differential pressure indicator monitors the pressure drop across each seal
water injection filter and gives local indication with high differential
pressure alarm on the main control board.

9.3.4.2.3.15 Seal Water Return Filter

The filter collects particulates from the reactor coolant pump seal water
return and from the excess letdown flow. The filter is designed to pass flow
in excess of the sum of the excess letdown flow and the maximum design leakage
from the reactor coolant pump seals.

A local differential pressure indicator is provided.
9.3.4.2.3.16 Boric Acid Filter

The beric acid filter collects particulates from the boric acid solution and
reactor makeup water for the reactor coolant makeup circuit. The blender con-
sists of a conventional pipe-tee fitted with a perforated tube insert. The
blender decreases the pipe length required to homogenize the mixture for
taking representative local sample. A sample paint is provided in the piping
just downstream of the blender,

23.8.2.3.37 Letdown Controls

Two letdown orifices and a control valve are arranged in parallel and serve to
reduce the pressure of the letdown stream to a value compatible with the
letdown heat exchanger design. One of the orifices and the control valve are
sfzed such that either can pass normal letdown flow: the other orifice can

pass less than the normal letdown flow. One or both standby letdown controls
may be used with the normally operating control valve in order to increase let-
down flow such as during reactor heatup operations and maximum purification.
This arrangement also provides a full standby capacity for control of letdown
flow. The letdown controls are placed in and taken out of service by remote
manual operation of their respective isolation valves.

A flow monitor provides indication in the control room of the letdown flow
rate and high alarm to indicate unusually high flow,

A low pressure letdown controller controls the pressure fownstream of the
letdown heat exchanger to prevent flashing of tha 'etdown liquid. Pressure
fndication and high pressure alarm are provided sn the main contvol bogrd.
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After the Residual Heat Removal System is placed in service and the reactor
coolant pumps are shut down, further cooling of the pressurizer liquid is
accomplished by charging through the auxiliary spray line from the Residual
Heat Removal System. Coincident with unit cooldown, a portion of the reactor
coolant flow is diverted from the Residual Heat Removal System to the Chemical
and Volume Contro! System for cleanup. Demineralization of ionic radioactive
impurities and stripping of fission gases reduce the reactor coolant activity
level :ufficiontly to permit personnel access for refueling or maintenance
operations.

9.3.4.3 Safety Evaluation

The classification of structures, components and systems is presented in

Section 3.2. A further discussion on seismic design categories is given in

Section 3.7. Conformance with NRC General Design Criteria for the plant

;zst:ns.sconpononts and structures are important to safety as presented in
ction 3.1.

9.3.4.3.1 Reactivity Control

Any time that the plant is at power, the quantity of boric acid retained and
ready for injection always exceeds that quantity required for the normal cold
shutdown assuming that the control assembly of greatest worth is in its fully
withdrawn position. This quantity always exceeds the quantity of boric acid
required to bring the reactor to hot shutdown and to compensate for subsequent
xenon decay. An adequate gquantity of boric acid is also available in the
refueling water storage tank to achieve cold shutdown.

When the reactor is subcritical; {.e., during cold or hot shutdown, refueling
and approach to criticality, the neutron source multiplication is continuously
monitored and indicated. Any appreciable increase in the neutron source
multiplication, including that caused by the maximum physical boron dilution
rate, is slow enough to give ample time to start a corrective action to prevent
the core from becoming critical (the boron dilutfon accident is discussed in
Section 15.4.6). The rate of boration, with a single boric acid transfer pump
operating, is sufficient to take the reactor from full power operation to 1
percent shutdown in the hot condition, with no rods inserted, in less than 90
minutes. In less than 90 additional minutes, enough boric acid can be injected
to compensate for xenon decay, although xenon decay below the equilibrium
operating level will not begin unti) approximately 25 hours after shutdown.
Additional boric acid is employed if it is desired to bring the reactor to
cold shutdown conditions.

Two separate and independent flow paths are available for reactor coolant
boratfon; i.e., the charging line and the reactor coolant pump sea! injection
line. A single failure does not result in the fnability to borate the Reactor
Coolant System,

[f the normal charging line is not available, charging to the Reactor Coolant

System is continued via reactor coolant pump seal injection, by the standby
makeup pump, at the rate of approximately 5 gpm to each reactor coolant pump.
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Table 9.3.2-3

Types of Analyses Provided in the Conventional Systems Sampling Panel
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Component

22. Air diaphragm
operated globe
valve INRS93

b

fir disphragm
operated A"\ltw‘
valve INVIZ3B
(INV1228
analogous)

Failure Mode

k) Fails
closed

Fails open

Fails
closed

Failure Mode and

Active Components

CVCS Operation Function

Boron Concentration
Control - boron ther
mal regeneration

Borun Concentration
Control boron
storage

Charging and Volume
Control letdown

flow

TABLE 9.3 .4-3 (Page 17)

Effects Analysis Chemical and Volume Control Systes
Norma! Plant Operation and Load Follow

*Effect on System Operation

and Shutdown

Failure inhibits use of
BIRS for load follow
operation {boration) due
to flow isolation of shell
side of letdown reheat
heat exchanger Alternate
boration of reactor cool
ant for load follow may be
accomplished using RMCS of
cves No effect on operat
tion to bring reactor to
not standby conditien

Failure inhibits use of
BIRS for load follow
operation (dilution) due
to passage of CVCS letdown
flow through tube side of
letdown reheat heat ex
Alternate dilu
tion of reactor coolant

changer

may be accomplished using
RMCS of CVCS No effect
on operation to bring
reactor to hot standby
condition

Faitlure inhibits use of

the excess letdown fluid
system of the CVLS as an
alternate system Lhat may

**failure Detection Method

RCS boron level when
sampling letdown flow
It BIRS is operating,
BIRS operation indica
tion "borate) at (B and
letdown reheat heat
exchanger outlet tem
perature indication

( INRPS020) at (B

RCS boron level when
sampling letdown flow
If BIRS is operating,
BIRS operation indica
tion (dilute) at (B and
letdown reheat heat
exchanger outlet tem
perature indication
(1RNPS020) at CB

Yalve position indica
tion (closed to open
position change) at (B
and excess letdowr heat

exchanger oultlet pres

Remarks

Same remarks as
those stated for
item #7

vame remark as that
stated for item #/
in regard to valve
design




TABLE 9.3.4-3 (Page 23)

Failure Mode and Effects Analysis Chemical and Volume Control System

Normal PTant Operation and Load Follow

Active Components -

Component Failure Mode
b Fails
closed

J0. Motor operated a Fails open
globe valve
INVZ03A (INV

2028 analogous)

C

b

VCS Operation Function

Charying and Volume
Control! - charging
flow

Charging and Volume
Control charging
flow and seal water
flow

Charging and Volume
Control charging
flow and seal water
flow

*Effect on System Operation
and Shutdown

Same effect on system
operation as that stated
for item #28, failure
mode "Fails closed"

Failure has no effect on
CVCS operation during
normal plant
and load follow. How
ever, under accident con
dition requiring isola
tion of centrifugal
charging pump miniflow
line, failure reduces
redundancy of providing
isolatin of miniflow to
suction of pumps via seal
water heat exchanger

operation

Failure blocks miniflow

to VCT via seal water

heat exchanger Normal
charging flow and seal
water flow prevents dead
heading of pumps when used
Boration of RCS to a hot
standby concentration level
and makeup of coolant
during operations to bring
to hot standby con
is still possible

reactor
dition

**Failure Detection Method

b

Same method of detec
tion as those stated
above for item #28, fail
ure mode “"Fails closed”

Valve position indica-
tion (open to closed
position change) at CB

Valve position indica
tion (closed to open
position change) at (CB;
group monitoring light
(valve closed) and alarm
at CB; and charging and
seal water flow
(INVP5630) and high flow
alarm at (B

indication

Constant displacement
charging pump is nor
mally used to deliver
charging and seal

water flow




TABLE 9.3.4-3 (Page 25)

Failure Mode and Effects Analysis Chemical and Volume Control System

Active Components - Normal Plant Operation and Load Follow

*Effect on System Operation
Component Failure Mode CVCS Operation Function and Shutdown **Failure Detection Method Remarks

312. Air diaphragm 3 tairs closed A Charging and Volume Failure reduces redundancy Valve position indica 1 Same remark as that
operated globe Control charging of charging flow paths to tion (closed to open stated for item #4
valve INV39A flow RCS. No effect on CVCS position change) at CB in regard to design

operations during normal of valve
plant operation, load fol-

low, or hot standby opera

tion Normal charging flow

path remains available for

charging flow

Fails open Charging and Volume Same effect on system Yalve position indica
Control charging operation and shutdown tion (open to closed
flow as that stated above for position change) at CB

item #31, failure mode
“Fails open" if alternate
charging line is in use

33. Motor operated a Fails open Charging and Volume Failure results in Valve position indica
globe valve Control charging inadvertent operation tion (open to closed
INV3I7A flow of auxiliary spray position change) at (B

that results in a reduc and PRI pressure
tion of PRI pressure dur recordino (INCCR5160) and
ing normal plant opera low pressure alarm at
tion and load follow B

PRI heaters operate to

maintain required PR!

pressure Boration of

RCS to a hot standby con

centration level and

makeup of coolant during

operation to bring reactor

to hot standby condition

is still possible




34. Relief Valve

INV205

35. Relief Valve
INV30S

TABLE 9.3.4-3 (Page 26)

Failure Mode and Effects Analysis Chemical and Volume Control System
Active Components - Normal Plant Operation and Load fcllow

*Effect on System Operation

Failure Mode CVCS Operation Function and_Shutdown **Failure Detection Method  Remarks
b. Fails closed. b. Charging an Volume b. Failure has no b. Valve position indica-

Control - charging effect on CVCS operation tion (closed to open

flow. during normal plant op- position change) at CB.

eration, load follow and
hot standby operation.
Valve may be used during
cold shutdown operation to
activate auxiliary spray
for cooling down the
pressurizer after opera-

tion of RHRS.

a. Fails open. a. Charging and Volume a. Failure results in a por- a. Local pressure indica-
Control - charging tion of seal water return tion (INVPG5550 and
flow. flow and centrifugal INVPG5560) in discharge

charging pump miniflow line of centrifugal
being bypassed to VCT. charging pumps.

Boration of RCS to a hot
standby concentration
level and maekup of cool-
ant during operations to
bring reactor to hot
standby condition is
still possible.

a. Fails open. a. Charging and Volume a. Failure results in a por- a. Local pressure indica-
Control - charging tion of charging flow and tion (INVPG5540) in dis-
flow and seal water seal water from constant charge line of constant

flow. displacement pump being displacement pump.
: bypassed to VCT. No
effect on normal plant

Rev.

Radioactive fluid
contained.

Constant displacement
pump may be flow iso-
lation by closing of
manual gate valves in
discharge and suction
lines of pump.

11
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9.4 AIR CONDITIONING, HEATING COOLING AND VENTILATION SYSTEMS
9.4.1 CONTROL ROOM AREA VENTILATION

9.4.1.1 Design Bases

The Control Room Area Ventilation and Air Conditioning Systems are designed to
maintain the environment in the control room, control room area, and switchgear
rooms, as indicated on Figures 9.4.1-1 thru 9.4.1-10 within acceptable limits

for the operation of unit controls, for maintenance and testing of the controls
as required, and for uninterrupted safe occupancy of the control room area during
post-accident shutdown. Refer to Section 6.4 for further information regarding
control room habitability.

The control room, and other support areas as shown on Figures 9.4.1-1 thru
9.4.1-4 are designed to maintain approximately 74°F and 50 percent maximum
relative humidity. The battery rocm is designed to maintain approximately 80°F.
The mechanical equipment room is designed to maintain a maximum temperature.

of 100°F. A1] other areas, as shown on Figures 9.4.1-1 thru 9.4.1-4 are
designed to maintain a maximum temperature of 85°F. These conditions are
maintained continuously during all modes of operation for the protection of
instrumentation and controls, and for the comfort of the operators. Outdoor
design temperatures meet or exceed those given in Table No. 1, Chapter 23 of
the ASHRAE 1977 Fundamentals Handbook.

Continuous pressurization of the control room and the control room area is
provided to prevent entry of dust, dirt, smoke, and radioactivity originating
outside the pressurized zones. Pressurization is maintained slightly positive
relative to the pressure outdoors and in surrounding buildings.

Outdoor air for pressurization is taken from either of two locations such that
a source of uncontaminated air is available regardless of wind direction.

One fresh air intake is located at the intersection of column lines DD and 45,
and the other is at the intersection of column lines DD and 69. Both intakes
are at elevation 594+0. Each intake is located on the outside of the Reactor
Building diametrically opposed to that unit's vent. Normally air is taken from
both intakes. All outside air is filtered as described in Section 12.3.3.

Each outside air intake location is monitored for the presence of radioactivity,
chlorine, and productis of combustion. Isolation of the outside air intake occurs
automatically upon indication of high radiation level, high chlorine concentration
or smoke concentration in the intake. Should both intakes close, the operator will
override the intake monitors and by inspection of the control room readouts select
the }?ast contaminated intake. This will ensure pressurization of the control room
at all times.

Each outside air intake is provided with a tornado isolation damper to prevent

depressurization of the control room and the control room area during a tornado
having a maximum wind speed of 360 mph, a translational velocity of 70 mph and

9.4
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The Fuel Area Ventilation System will operate whenever irradiated fuel handling
operations above or in the fuel pool are in progress.

The Fuel Handling Area Ventilation System is located completely within a Seismic
Category I structure and ail essential components {exhaust filter trains, exhaust
fans, exhaust ductwork) are fully protected from floods and tornado missile damage.
The outside air intake opening for the ventilating air supply unit is protected

by missile shields above and in front of the opening.

9.4.2.2 System Description

The Fuel Handling Area Ventilating System is shown on Figures 9.4.2-1, -2, and -3,
and consists of the following components: (per unit basis)

1. One 100 percent capacity ventilation supply air handling unit and associated
dampers and ductwork.

-.  Two 100 percent capacity Exhaust Systems complete with filter trains and
associated fans, dampers, ductwork, supports and control systems.

Outside air is supplied to the fuel handling area by a supply system consisting
of one 100 percent capacity fan with heating and cooling coils, filter section

[ and associated ductwork. The air handling unit supplies approximately 26,200
cfm. The filter section contains filters having an efficiency of approximately
30 percent based on the ASHRAE test method with atmospheric dust in accordance
with ASHRAE Standard 52.68. This portion of the system has no standby capacity.

The Fuel Handling Area Ventilation Exhaust System for each unit consists of
four-50 percent capacity filter trains. This portion of the Fuel Handling

Area Ventilation System is an engineered safety feature. Each filter train is
constructed as described in Section 12.3.3. Two 50 percent capacity filter trains
are paired to operate as a single 100 percent capacity exhaust system with the
two sets of filter trains receiving separate emergency power. Total exhaust

flow is approximately 33,130 cfm.

Each of the 50 percent capacity filter trains is equipped with a bypass section.
The normal mode of operation for the filter trains is in the bypass position.
Radiation detection is provided in the duct system header, upstream of the filter
train inlet to monitor radioactivity. Upon indication of high radioactivity in
the exhaust duct system, the bypass dampers will automatically close and the
filter train inlet dampers will automatically open to direct air flow through
the filter trains. Any time irradiated fuel handling takes place, the exhaust
air flow is directed through the filter trains. The operator will manually
switchover from the bypass mode to the filter mode from the control reom. Air
from the Fuel Handling Area Exhaust System is directed to the unit vent, where
it is monitored before release to the atmosphere.

The Fuel Handling Area Ventilation Supply and Exhaust Systems are designed such
that a minimum of ten air changes per hour over the fuel pool are afforded to
continuously purge the area of heat, humidity, and particulate matter.
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During normal plant operation the air flow rate through each filter train is
approximately 30,000 cfm. During accident conditions the air flow rate through
each filter train is reduced to 6,540 c¢fm (Unit 1 side) minimum and 6,230

(Unit 2 side) minimum.

The Auxiliary Building Filtered Exhaust System filter trains are described in
Section 12.3.3.

9.4.3.2.4 Auxiliary Shutdown Panel Rooms Air-Conditioning System

The Auxiliary Shutdown Panel Ruoms Air-Conditioning System is shown on Figures
9.4.3-2, 9.4.3-6, and 9.4.3-7.

The four auxiliary shutdown panel rooms are located on floor elevation 543+0
of the Auxiliary Building. A separate 100 percent capacity air conditioning
unit is provided to serve each of the four rooms. The system is designed to
maintain a ma<imum temperature of 78°F and a minimum temperature of 65°F.
Electrical power to the air conditioning units is provided from the electrical
power train associated with the room it serves. This assures the availability
of at least one train of the auxiliary shutdown panel rooms.

The air conditioning units are of the self-contained design utilizing water from
the Nuclear Service Water System for condenser water. The Nuclear Service Water
System is described in Section 9.2.1. Each air conditioning unit has a filter
section consisting of filters having an efficiency of approximately 30 percent
based on the ASHRAE test method in accordance with ASHRAE Standard 52.68. The
auxiliary shutdown panel room air conditioning units are controlled by room
thermostats.

9.4.3.2.5 Radwaste Area Ventilation System

Outside air is supplied to the hot machine shop, waste shipping, drum storage,
and laundry areas of the radwaste area by one 100 percent capacity air handling
unit consisting of a filter section, hot water preheat and service water cooling
coils, (non=nuclear safety related) centrifugal fan, zone electric duct heaters
and associated ductwork. The filter section contains prefilters and final fil-
ters having efficiencies of approximately 30 percent and 45 percent respectively
based on the ASHRAE test method in accordance with ASHRAE Standard 52.68. A cool-
ing water three-way mixing valve provided to maintain space temperature. The
hot water coil tempers the incoming air and is controlled by a leaving air tem-
perature controller. Electric duct heaters controliled by zone thermostats main-
tain zone conditions.

Qutside air is supplied to the office, personnel decontamination, and lab areas
by two 50 percent capacity air handling units consisting of chilled water cool-
ing and hot water preheat coils, filter sections, centrifugal fans, zone electric
duct heaters, and associated ductwork.

The filter section contains prefilters and final filters having efficiencies
of approximately 30 percent and 85 percent respectively based on the ASHRAE
test method in accordance with ASHRAE Standard 52.68. A cooling water three-
way mixing valve is provided for each air handling unit. The hot water preheat
coil tempers the incoming air and is controlled by a leaving air temperature
controller. Electric duct heaters controlled by zone thermostats maintain space
temperatures.

4-9 Rev. 11
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The Diesel Building Ventilation System is designed to maintain the building
temperature between 60°F minimum and 110°F maximum when the diesel is not
operating, and between 60°F minimum and 120°F maximum when the diesel is
operating. Outdoor design temperatures meet or exceed those given in Table
No. 1, Chapter 23 of the ASHRAE 1977 Fundamentals Handbook.

A1l essential fans, dampers, ductwork, and supports are designed to withstand
the safe shutdown earthquake.

Essential electrical components required for ventilation of the Diesel Building
during accident conditions are connected to emergency Class 1E standby power.

The Diesel Building Ventilation System is located completely within a Seismic
Category I structure. The ventilation air supply and exhaust openings are fully
protected from tornado missile damage.

9.4.4.2 System Description

The Diesel Building Ventilation System is shown on Figure 9.4.4-1 and consists
of the following subsystems:

1. Normal Ventilation System
2. Emergency Ventilation System

The Normal Ventilation System for each diesel enclosure consists of one 100
percent capacity fan, shutoff damper, electric duct heater, filter section and
associated ductwork. The filter section contains filters having an efficiency
of approximately 30 percent based on the ASHRAE test method with atmospheric
dust in accordance with ASHRAE Standard 52.68. The Normal Ventilation System
has no standby capacity and operates only during normal plant operation (diesel
off-cycle). The normal ventilation fan will be cycled off and the shutoff
damper closed when its associated diesel is started, either for test purposes
or by an Engineered Safety Features Actuation signal.

The Emergency Ventilation System for each diesel enclosure consists of two

50 percent capacity fans, ductwork, and modulating return air and outside air
dampers arranged to maintain space temperature between 60°F and 120°F when

the diesel is operating. As the space temperature rises, proportioning controls
are provided to modulate the outdoor air dampers toward the open postion and the
return air dampers toward the closed position. Excess make-up air to the diesel
enclosure is relieved through automatic (pressure-operated) relief dampers.

The enclosures containing the diesel generator starting and control circuits
meet NEMA 12 standards (drip and dust proof). These enclsoures protect the
electrical equipment from dust and other contaminants.

9.4.4.3 Safety Evaluation

The Diesel Building Ventilation System automatically maintains a suitable
environment in each diesel enclosure under all operating conditions. Since the
Diesel Building Ventilation System is duplicated for each diesel, a single
failure will not impair the safety function.
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9.4.5 CONTAINMENT PURGE VENTILATION SYSTEM
9.4.5.1 Design Bases

The Containment Purge Ventilation System is designed to maintain the environment
of the containment within acceptable limits for personnel access during inspection
testing, maintenance and refueling operations; and to limit the release of any
contamination to the environment.

’

The design bases include provisions to:

1 Clean up containment purge exha ‘st during refueling.

2 Supply fresh air for contamination control when the containment is or will
be occupied.

3. Supply fresh air for contamination control when the incore instrumentation
room is or will be occupied.

4 Exhaust containment air to the outdoors through the purge exhaust filter
trains whenever the Purge Air Supply System is operated.

5 Assure isolation of the system penetrations in the containment vessel.

Only Item 5 above is a safety-related function.

Each containment penetration for the Purge Ventilation Supply and Exhaust Sub-
systems is provided with two isolation vaives, one on each side of the containment
wall. This meets the single failure criterion. See Section 6.2.4 "Containment
Isolation Systems” for a complete description of the penetration assemblies
including isolation valves.

The Containment Purge Ventilation System is not an Engineered Safety Feature.

9.4.5.2 System Description

The Containment Purge Ventilation System is shown on Figure 9.4.5-1 and -2, and
consists of the following subsystems: (per unit basis)

Containment Purge Supply System
Containment Purge Exhaust System
Incore Instrumentation Room Purge Supply System
Incore Instrumentation Room Purge Exhaust System

WM

Outside air is supplied to the Containment by the Containment Purge Supply sys-
System. The system consists of two 50 percent capacity air handling units.

| Total supply capacity is approximately 25,000 cfm. Each air handling unit
consists of a filter section, hot water heating coil, shutoff damper, and fan.
The filter section contains filters having an efficiency of approximately 30
percent based on the ASHRAE test method with atmospheric dust in accordance
with ASHRAE Standard 52.68. This equipment is located outside the Reactor
Building in the Auxiliary Building at elevation 611+0. There is one supply
duct penetration through the Reactor Bui'ding wall into the annulus area. There
are four purge air supply penetrations through the containment vessel, twc to
the upper compartment and two to the lTower compartment. Two normally closed
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isolation valves at each penetration through the containment vessel provide
containment isolation. One normally closed isolation damper at the Reactor
Building wall provides annulus isolation.

Purge air is exhausted from the containment through the Containment Purge Ex-
haust System to the unit vent where it is monitored for radicactivity level by
the unit vent monitor prior to release to the atmosphere. The Containment Purge
Exhaust System consist of two 50 percent capacity filter trains and fans. Total
exhaust capacity is approximately 25,000 cfm. This equipment is located
outside the Reactor Building in the Auxiliary Building at elevation 594+0.

There is one purge exhaust duct penetration through the Reactor Building wall
from the annulus area. There are three purge exhaust penetrations through the
containment vessel, two from the upper compartment and one from the lower
compartment. Two normally closed isolation valves at each penetration through
the conta’nment vessel provide containment isolation. One normally closed
isolation damper at the Reactor Building wall provides annulus isolation.

The upper compartment purge exhaust ductwork is arranged to draw exhaust air into
a plenum around the periphery of the refueling canal, effecting a ventilation
sweep of the canal during the refueling process. The lower compartment purge
exhaust ductwork is arranged so as to sweep the reactor well during the refueling
process (see Figure 9.4.5-2).

The Incore Instrumentation Room Purge Supply System consists of one 100 percent
capacity air handling unit. Supply capacity is approximately 1,000 cfm. The
air handling unit consists of a filter section, hot water heating coil, and fan.
The filter section contains filters having an efficiency of approximately 30
percent based on the ASHRAE test method with atmcspheric dust in accordance
with ASHRAE Standard 52.68. This equipment is located outside the Reactor
Building in the Auxiliary Building at elevation 594+0. There is one purge
supply penetration through the Reactor Building wall and one through the
containment vessel. Two normally closed isolation valves at the containment
penetration provide containment isolation. One isolation damper at the

Reactor Building wall provides annulus isolation.

The Incore Instrumentation Room Purge Exhaust System consists of one 100 per-
cent capacity filter train and fan. Exhaust capacity is approximately 1,000
cfm. Purge air is exhausted to the unit vent where it is monitored for radio-
activity level by the unit vent monitor prior to release to the atmosphere.
This equipment is located in the Auxiliary Building at elevation 594+0. There
is one purge exhaust penetration through the Reactor Building wall and one
through the containment vessel. Two normally closed isolation valves at the
penetration through the containment vessel provide containment isolation. One
isolation damper at the Reactor Building wall provides annulus isolation.

During normal operation, purge air is supplied to reduce potentially high air-
borne radioactivity concentrations only when sustained periods of containment
access are required. This is expected to be four times per year - twice with
the reactor in the hot standby condition and twice with the reactor at cold
shutdown. Purging of the containment during refueling will last approximately
four weeks, while the other three purges are expected to last less than three
days each. Purging of the incore instrumentation room will be as necessary
for access during inspection, testing, and maintenance.
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The containment purge supply fans, purge exhaust fans, and filter trains are
controlled in two trains. The controls are designed to have simultaneous start-
ing and stopping of the matching supply and exhaust equipment. Controls are
also provided to reduce purge flow rate. The controls for the Incore Instru-
mentation Room Purge System are designed to have simultaneous starting and
stopping of the supply and exhausi equipment. The controls are also designed
to initiate an automatic shutdown and containment isolation upon receipt of a
containment isolation signal.

The containment purge exhaust system filter trains are described in Section
12.3.3.

9.4.5.3 Safety Evaluation

Each Containment Purge Ventilation System supply and exhaust penetration through
the containment vessel is equipped with two normally closed isolation valves,
each connected to separate control trains. A failure in one train will not
prevent the remaining isolation valve from providing the required isolation
capability. The isolation valves and containment penetrations are the only
portions of the Containment Purge Ventilation System that are engineered safety
features, and are discussed in Section 6.2.4. Design specifications for the
purge system isolation valves are presented in Table 9.4.5-1.

The containment purge exhaust system is isolated on high radiation or high
relative humidity signals. Relative humidity is controlled and monitored
upstream of the containment purge exhaust filter trains. Electric preheaters
maintain < 70% relative humidity.

Since containment purge system operation is intermittent, relative humidity is
monitored in the vicinity of the carbon adsorbers. Carbon adsorbers are
heated as necessary to maintain a suitable "storage" environment (< 70%
relative humidity). High carbon adsorber bed relative humidity is alarmed.

A fuel handling accident inside the containment has been analyzed assuming the
Purge System is in operation during refueling operations. This analysis is
described in Section 15.7.4.

9.4.5.4 Inspection and Testing Requirements

The nonessential components are not normally in operation and are accessible
for periodic inspection. Essential components and controls are tested during
preoperational tests and periodically thereafter as required by the Technical
Specifications.
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9.4.6.2 System Description

The Containment Ventilation System is shown on Figures 9.4.6-1, -2 and -3 and
are composed of the following subsystems:

Lower Containment Ventilation System

Control Rod Drive Mechanism (CRDM) Ventilation System
Incore Instrumentation Room Ventilation System

Upper Containment Ventilation System

Containment Auxiliary Charcoal Filter System
Containment Chilled Water System

U EB WM -

The Lower Compartment Yentilation System consists of four 33 1/3 percent cap-
acity fan-coil units, associated dampers, a common plenum and ductwork system.
The four fan-coil units are located in two annular concrete chambers around the
periphery of the lower compartment. Three of the fan-coil units are normally
required Lo operate to maintain conditions in the lower compartment with one
unit on standby. Lower compartment air passes directly through each active
fan-coil unit where it is cooled and supplied to the various areas of the lower
compartment through a common duct distribution system as shown in Figure 9.4.6-1.
Vane-axial booster fans are provided to ensure design air flow to the pipe tun-
nel in the Jower extremity of the lower compartment and to the instrumentation
area under the reactor vessel. A cooling water throttling valve for each fan-
coil unit is automatically controlled by area thermostats located near the return
air openings to each fan-coil unit and set to maintain the lower compartment
temperature at 100°F. Backdraft dampers are provided in the discharge duct of
each fan-coil unit to prevent back-flow through the standby unit.

The Control Rod Drive Mechanism (CRDM) Ventilation System consists of four 33 1/3
percent capacity vane-axial fans and associated dampers and ductwork. Three

fans will normally operate with one on standby. The CRDM fans, located in the
lower compartment outside the primary shield wall, pull the cooling air through
the CROM shroud and return it to the intake side of the active lower compartment
fan-coil units through a common duct system. Each CROM ventilating fan is pro-
vided with a backdraft damper located in the duct on the discharge of the fan

to prevent back-flow through the standby fan.

The incore instrumentation room is a dead-ended space in the lower compartment
of the containment. The Incore Instrumentation Room Ventilation System consists
of two 100 percent capacity fan-coil units and common duct distribution system,
located inside the conditioned space. One fan coil unit will normally operate
with the other on standby. A cooling water throttling valve for each fan coil
unit is automatically controlled by return air thermostats set to maintain the
instrumentation room at 90°F. Backdraft dampers are provided in the discharge
duct of each fan coil unit to prevent back-flow through the standby unit.

The Upper Compartment Ventilation System consists of four 33 1/3 percent cap-
acity fan-coil units and associated return air fans located in the upper com=
partment. Three fan-coil units with their respective return air fans are re-
quired to operate to maintain conditions in the upper compartment during normal
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reactor operation with one fan-coil unit and associated return air fan on stand-
by. A cooling water throttling valve for each fan-coil unit is automatically
cogtro]]ed by return air thermostats set to maintain the upper compartment at
90°F.

The Containment Auxiliary Charcoal Filter System consists of two 50 percent
capacity fan-filter units and associated duccwork located in the lower compart-
ment for reduction of airborne contamination. The number of containment
auxiliary charcoal filter units in operation (one or two) depends on the air-
borne activity levels observed. With the addition of booster fans, inlet
plenums and temporary ductwork, airborne contamination generated during
maintenance may be exhausted to and filtered by these units.

Each containment auxiliary charcoal filter train consists of the following com-
ponents.

1. Prefilter section containirg filters having an efficiency of approximately
75 percent based on the ASHRAE test method with atmospheric dust in accordance
with ASHRAE Standard 52.68.

2. High efficiency filter section containing filter having an efficiency of
approximately 99.97 percent in removing 0.3 micron particles when tested
with dioclylphtalate (DOP) smoke in accordance with the Instruction Manual
for the installation, operation and maintenance of penetrometer, Filter
Testing, DOP, Q107, Manual No. 136-300-175A, dated January, 1965, U. S.
Army Edgewood Arsenal.

3. Carbon Adsorber section of the carbon tray design in accordance with AACC-CS-8T.

The Containment Chilled Water System consists cf three 50 percent capacity
centrifugal water chillers and chilled water pumps, associated piping and
valves. Major equipment is located in an adjacent yard structure. The sys-
tem supplies a lower compartment header serving the lower compartment and in-
core instrumentation room fan-coil units and the reactor coolant pump motor
heat exchangers as shown in Figures 9.4.6-2 and 3. The Containment Chilled
Water Systerm is not available on the Blackout Power System. During a loss
of offsite power, the Containment Chilled Water System is isolated and cool-
ing water is supplied by the Nuclear Service Water System.

9.4.6.3 Safety Evaluation

The Containment Ventilation System orovides adequate capacity to assure that
proper temperature levels are maintained in the containment under operating con-
ditons. Sufficient redundancy is included to assure proper operation of the
system with one active component out of service.

The Containment Ventilation System is so arranged that all components of each
subsystem are located wholly in the upper or lower compartment eliminating the
need for ductwork penetrating the divider barrier thus enhancing the barrier
integrity.

The Containment Ventilation System is not considered an engineered safety feature
and no credit has been taken for the operation of any subsystem or component in
analyzing the consequences of any accident.
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radioisotopes following a LOCA by filtering ana recirculating a large volume of
annulus air relative to the volume discharged for negative pressure maintenance;
and (3) provide long-term fission product removal capacity by decay and filtration.

This system is provided with two independent, 100 percent capacity ventilation
filter systems complete with fans, filters, dampers, ductwork, supports and con-
trol systems for each unit. This meets the single failure criteria. Switchover
between redundant trains is accomplished manually by the operator. Electrical
and control component separation is maintained between trains.

All essential system components, including fans, filter trains, dampers, duct-
work, and supports are designed to withstand the Safe Shutdown Earthquake.

Essential electrical components required for ventilation of the annulus during
accident conditions are connected to emergency Class 1lE standby power.

9.4.9.2 System Description

The Annulus Ventilation System is shown on Figure 9.4.9-1 and consists of
redundant ventilation subsystems for each unit. Each ventilation subsystem
consists of a filter train, fan, dampers, associated ductwork, supports and
control systems. The Annulus Ventilation System filter trains are described
in Section 12.3.3.

The Annulus Ventilation system functions to discharge sufficient air from the
annulus to effect a negative pressure with respect to the containment and the
atmosphere 60 seconds following a LOCA. Subsequent to attaining a negative
pressure, additional air is discharged as necessary to maintain the pressure
at or below -0.5 inches water gauge. In order to mix the inleakage in as
large a volume as possible, a large flow of air is displaced from the upper
level of the annulus and passed through the filter train before being returned
to the annulus at a low level. Both the suction and return air flow is accom-
plished using ring-type distribution headers in the annulus.

The Annulus Ventilation System is activated by the safety injection signal (Ss).
Upon receipt of this signal the recirculation dampers and discharge dampers are
aligned to exhaust 9000 cfm to the unit vent until the annulus negative pressure
is >0.5 inches water gauge. The recirculation dampers and discharge dampers
then modulate to exhaust air as required to maintain the annulus negative
pressure at -0.5 inches water gauge.

Computer code CANVENT has been developed by Duke Power Company to analyze the
thermal effects of a lToss-of-cooiant accident (LOCA) in a Westinghouse "ice
condenser" containment. CANVENT is capable of evaluating the following factors:

(a) Steady state (pre-LOCA) radial temperature distributions corresponding to
fixed outside Reactor Building and inside containment temperatures.

(b) Radial temperature distributions in the steel containment and concrete
Reactor Building during post-LOCA transient.
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Redundant valves feed the Auxiliary Building fire protection header.

Fixed Water Sprinkler Systems are provided for the following areas in the Aux-
iliary Building:

a. RHR pump rooms
b. Component cooling water pumps (733+0 and 750+0)
c. Centrifugal Charging pump rooms
d. Charcoal filters in all Auxiliary Building filter trains.
e. Auxiliary feedwater pump rooms. The Reactor Building fire protection
header is pressurized by activation of a remote manual valve located
in the Auxiliary Building.
. Battery Room Corridor (554 + 0)
g. Cable Room Corridor (574 + 0)
Reactor Building fire protection consists of manual hose stations and fixed
water sprinklers on separate headers to protect charcoal filters and each of
the reactor coolant pumps as well the pipe corridor of the Reactor Building.
Fixed water sprinkiers are provided in the annulus.
The Diesel Generator Buildings are protected by automatic CO, Systems with
appropriate personnel alarms to warn of pending discharge. Manual hose stations,
supplied from the Nuclear Service Water System, are also provided in the Diesel
Generator Building.
The Turbine, Service and Administration Building fire protection is provided
from manual hose stations and automatic sprinkler or deluge systems in the
following areas:
a. On the turbine mezzanine and basement floors
b. Main turbine piping
€. Main turbine oil tank
d. Main turbine oil transfer tank
e. 0il purifiers
[ g Feedwater pump turbines

g. Hydrogen seal oil units
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the pressurized fuel oil return from the bypass headers to the day tank. The
main circulation headers are fitted with a relief valve which prevents the
engine fuel oil pressure from exceeding 40 psig and which discharges back to
the day tank.

The day tank is surrounded by a fire wall which serves as a containment in
the event of leaks or ruptures. The containment crain line is isolated by

a normally closed, solenoid-operated valve. A high level signal from a level
transmitter located within the containment opens this valve, allowing the

0il to drain to the suction side of the lube o0il transfer pump which is sim-
ultaneously activated and delivers the oil to a waste oil storage tank.

An inspection program outlined in the Technical Specification ensures that the
quality of the fuel oil delivered to the site and stored on site is maintained.

Tu prevent settling, stratification and deterioration of the fue. .il during
extended periods, a system is provided to recirculate or transfer filtered
fuel oil. Four fuel oil tanks (two haif capacity storage tanks per redundant
diesel) are centrally located and integrally connected with normally closed
isolation valves and check valves to prevent backfilling and possible con-
tamination of fuel oil between tanks. A manually operated, positive displace-
ment recirculation pump takes suction from the flush mounted sample con-
nection on the bottom of the storage tank and discharges the fuel oil at a
rate of 25 gpm through a simpiex filter with alternate bypass line to the
storage tank fill connection. The simplex filter has a particle removal
rating of 25 microns. The filtering and recirculation process is performed
on a tank by tank basis with the frequency of operation dependent on the re-
sults of the fuel oil inspection program outlined in the Technical Specifica-
tion. Since two half capacity storage tanks are provided per diesel, one

tank will be aligned to supply fuel o0il to its respective diesel while isolat-
ing the second tank through administrative control. The contents of the iso-
lated storage tank would be filtered and recirculated. Prior to realigning
the tank to its respective diesel, a period of not less than 24 hours is re-
quired to allow any stirred sediment to settle.

Should the recirculation system be operating in the event of a LOCA, a re-
dundant, safety related interlock is provided to shutdown the recirculation
pump to prevent possible stirring of sediment. A redundant safety related
interlock is also provided to shutdown the recirculation pump should the

fuel oil in the storage tanks drop below Technical Specifications level to
preclude loss of fuel oil in the event of a recirculation system pipe rupture.
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Fuel o011 amenders are added as necessary to extend oil 1ife by preventing
oxidation, stratification, etc. A sample is used to inspect the oil for
water content or degradation and if degradation is determined, the oil may
be pumped out for disposal. Accumulated water in the fuel o0il storge tanks
will be removed by the recirculation system through a sample connection pro-

vided on the recirculation pump discharge as required by the Technical Speci-
fications.

The day tank vent an. fuel oil storage tank vents and fill connections which
are expesed outdoors, are protected from tornado missiles due to the construc-
tion of the vents using heavy gauge pipe. Should a tornado missile strike a
vent or fill connection the pipe will bend without crimping to relieve the
impact load. The day tank vent terminates 4 feet above grade elevation and
the fuel oil storage tank fill and vent lines terminate 3 feet and 1'-7"
respectively above grade elevation to prevent entrance of water. Each fill
connection is provided with a locking dust cap and each vent line is down
turned. The storage tanks can be filled and vented through the manway should
the fill or vent lines become impaired.

9.5.4.2.2 Component Descriptions

Fuel is recirculated within the storage facility to prevent deterioration at
the rate of 25 gpm at 32 psi by a recirculation pump. The pump is driven by
a 3 HP, 575 volt, 3 phase, 60 Hz motor whose power source is the 600 VAC Unit
Normal Auxiliary Power Supply (Section 8.3.1.1.1.5).

The fuel oil booster pump is designed to deliver fuel oil to the engine during
the startup period (approximately 11 seconds) at 8 gpm. The pump is driven

by a 2 HP, 120 volt DC motor whose power source is the 125VDC Diesel Essential
Auxiliary Power System (Section 8.3.1.1.3.11).

9.5.4.2.3 Instrumentation and Alarms

Each diesel generator engine is provided with sufficient instrumentation

to monitor the operation of the fuel oil system. A1}l alarms are seperately
annunciated on the local diesel engine control panel which also signals a
general diesel trouble alarm in the control room. There are two redundant
safety related interlocks provided on the fuel oil recirculation system. One
interlock is provided to shutdown the recirculation pump in the event of a
LOCA. The second interlock is provided to shutdown the recirculation pump
should the fuel oil Tevel in the storage tanks drop below Technical Specifica-
tions level. The fuel oil system is provided with the following instrumenta-
tion and alarms:

Fuel oil storage tanks -

Low level and high level annunciators

Tech spec low-low 'evel alarm

Level indication, 0-100%

The capability for use of a stick gauge to measure the fuel oil level
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tanks the vent and fill lines terminate 3 feet and 1'-7" respectively
above grade elevation. The fill connection is provided with a Tocking dust
cap and the vent is down turned.

Each diesel is provided with a 700 gallon capacity lube 0il sump tank. The
sump tank has a normal operating volume of 600 gallonz and is equipped with
a low level alarm which is set approximately 6% inches below the normal oper-
ating level. From the low level alarm point to the minimum operating level
there are approximately 400 gallons. With an established oil consumption
rate of 1.2 gallons per hour at full load, this volume is sufficient to
operate the diesel in excess of seven days without requiring replenishment.

Should it become necessary to make additions of Tube 0il to the diesel, lube
0il is available in an 8,000 gallon storage tank located underground and out-
side the Diesel Buiiding. A manually operated, positive displacement clean
lube oil pump takes suction from the storage tank and discharges lube oil
through a simplex filter (particle removal rating of 17 microns) to the in-
tended diesel. The pump suction is raised 6 inches above the storage tank
floor to prevent any accumulated water from entering the diesel lube o0il

sump tank. Accumulated water in the bottom of the storage tank is removed
through a sample connection flush on the bottom of storage tank.

The lube 0il in the clean Tube 0il storage tank is inspected monthly to de-
termine the purity of the oil. Parameters monitored include viscosity,
neutralization number, and percentage of water. Any accumulated water de-
tected in the bottom of the storage tank will be removed. If degradation
of the oil is detected, the oil may be pumped out for disposal.

: Lubricating oil leakage is detected by:

L Routine surveillance
2. Low lube 0il sump levels alarm
3. Low lube 0il pressure and alarm

System leakage into the lube o0il system through the jacket water is min-
imized by the normal operating pressure of the lube o0il being higher than
the jacket water pressure. 0il leakage from the diesel is collected in a
sump in the diesel room.

The truck fill connection for clean lubricating oil is locked and is keyed

differently from other fill connections. Administrative controls govern
the issuance of this key.
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instruments is controlled by the Preventive Maintenance Recall program. This
rrogram insures that instruments are periodically calibrated and tested,
assuring reliability. !

9.5.7.3 Safety Evaluation

The Diesel Generator Engine Lube Qi1 System is a Duke Class C piping system
with the exception of the Clean and Used Lube 0il Transfer System which is

2 Duke Class G piping system. The two systems are seperated by Duke Class C
isolation valves. The diesel engine and engine mounted components are con-
structed in accordance with IEEE Standard 387. The off engine essential
equipment and components and the nonessential (i.e., Clean and Used Lube 0il
Transfer System) equipment and components are designed in accordance with
the requirements of the codes listed in Table 3.2.2-2. Each diesel generator
unit is housed separately in a Seismic Category I structure which forms half
of the Diesel Building, and the units themselves are fully independent and
redundant for each nuclear unit.

The results of a failure modes and effects analysis are presented in Table
9.5.7-1.

The exterior of carbon steel tanks and other underground carbon steel com=-

ponents is sandblasted to a SSPC-SP10-63, Near White Metal Blast Cleaning.

A coal tar epoxy coating which meets the requirements of Corps of Engineers
Specification C-200 and Government Specification MIL-P-23236 is applied to

exterior surfaces at a dry film thickness of 16 mils. This coal tar epoxy

is also applied to the exterior of stainless steel piping.

In addition to being coated, the external surfaces of buried metallic piping
and tanks are protected from corrosion by an impressed current cathodic pro-
tection system in accordance with NACE Standard RP-01-69 (1972 Revision)
Periodic moi.itoring, as described by the maintenance procedure, will remove
any accumulated moisture from the tanks.

The goverror lube oil coolers on the diesel generator engines (Delaval RV
16-4) are located at an elevation below the governor lube 0il level, thereby,
not affecting the starting reliability of the engines.

The interior of the clean lube oil storage tank is not coated since the
presence of lube oil will act as a deterrent to internal corrosion. During
the surveillance intervals for sampling the lube 0il in the storage tanks,
as outlined per the Technical Specification, any accumulated water will be
removed.

9.5.7.4 Tests and Inspections

System components and piping are tested to pressures designated by appropriate
codes. Inspection and functional testing are performed prior to initial op-
eration; thereafter the system will be tested in accordance with the Technical
Specifications.
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i) Loss of Cake
If the "Essential Power Circuit" fails indicating a loss of condensate
motive power, or the individual filter effluent flow reaches a preset low-
low minimum before the holding pump starts, an alarm will sound and the
unit must be backwashed and precoated.

j)  Programmer Malfunction
When any automatically sequenced valve or pump fails to provide a correct
feedback within a preset adjustable time, an alarm will sound.

k) High backwash tank level
Alarm on high backwash tank level.

1) Low backwash tank level
Alarm on low backwash tank level and trip the backwash tank pumps.

m) High decant monitor tank level
Alarm on high decant monitor tank level.

n) Low decant monitor tank level
Alarm on low decant monitor tank level and trip the backwash decant pump.

10.4.7 CONDENSATE AND FEEDWATER SYSTEMS

10.4.7.1 Design Bases

The Condensate and Feedwater Systems are designed to return condensate from
the condenser hotwells through the condensate polishing demineralizers and
the regenerative feedwater heating cycle to the steam generators while main-
taining proper water inventories throughout the cycie.

The entire Condensate System is non safety-related. The portions of th Feed-
water System that are required to mitigate the consequences of an accident and
allow safe shutdown of the reactor are safety-related. The safety-related
portions of the system are designed in accordance with the following design
bases:

1) The system is designed such that failure of a feedwater supply line coin-
cident with a single active failure will not prevent safe shutdown of the
reactor.

2) The system components are designed to withstand the effects of and per-
form their safety functions during a safe shutdown earthquake.

3) Components and piping are designed, protected from, or located to protect
against the effects of high and moderate energy pipe rupture, whip, and
jet impingement.

4) The system is designed such that adverse environmental conditions such as
tornados, floods, and earthquakes will not impair its safety function.
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f) Three stages of intermediate pressure feedwater heaters (C, D, and E)
g) Piping, valves, and instrumentation.

The hotwell pumps take suction from the condenser hotwell. During normal oper-
ation, two hotwell pumps will be operating with the third on standby. After

the hotwell pumps, the condensate flows to the conaensate polishing demineral-
izers. Normally, four of the five polishers will be in operation with the fifth
on standby. Downstream of the condensate polishing demineralizers, the conden-
sate is divided equally between the three condenser steam air ejectors where it
is used as a coolant in the CSAE inner and after condensers. All three ejectors
are normally in service with each air ejector removing noncondensable gases from
one of the three condenser shells. After the CSAE's the condensate flows in
parallel through the gland steam condenser and the blowdown recovery heat
exchangers. The condensate then passes through two stages of low pressure
feedwater heating to the suction of the condensate booster pumps.

During normal operation, two condensate booster pumps will be in operation
with the third on standby. Downstream of the condensate booster pumps, the
condensate passes through three stages of intermediate pressure feedwater
heating before combining with the C heater drain pump flow and discharging to
the suction of the feedwater pumps.

The Feedwater System consists of:

a) Two 50% capacity steam generator feedwater pumps

b) Two stages of high pressure feedwater heaters (A and B)
c) Piping, valves, and instrumentation.

The pumps casings are made of ASTM-A296-CA6NM steel. The impellers are con-
structed from ASTM-A315-CA1l5 steel. The heaters have shells of carbon steel
and tubing of stainless steel. The piping is carbon steel.

Normally, both feedwater pumps will be operating with each pump handling half
the feedwater flow. Downstream of the feedwater pumps, the feedwater passes
through two stages of high pressure feedwater heating to a final feedwater
header wher2 the final feedwater temperature is equalized. The feedwater is
then admitted to the steam generators through 4 steam generator feedwater
lines, each of which contains a feedwater control valve and a feedwater flow
nozzle. Feedwater flow to the individual steam generators is controlled by

a three element feedwater control system using feedwater flow, steam generator
water level, and main steam flow as control parameters for steam generator
feedwater control valves (1CF28, 1CF37, 1CF46, and 1CF55).

The Auxiliary Feedwater System is the assured source of feedwater to the steam
generate,s during accident conditions. The primary safety function of the Feed-
water S stem is to isolate the steam generators on a feedwater isolation signal.
A feedwater isolation signal initiates isolation of each steam generator in
order to:
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1) rapidly terminate feedwater flow and steam blowdown inside the contain-
ment following a main steam or feedwater line break inside the containment,

2) prevent loss of steam generator water inventory due to a pipe rupture
outside the containment, and

3) . prevent overfilling the steam generators should the normal means of con-
trolling steam generator level malfunction.

Feedwater isolation is actuated by any one of the following signals:

1) safety injection,

2) reactor trip coincident with low reactor coolant average temperature,
3) steam generator level high-high.

A feedwater isolation signal closes the feedwater isolation valves (CF33, 42,
51, 60), feedwater reverse purge valves (CF87, 88, 89, 90), feedwater contro)
valves (CF28, 37, 46, 55), feedwater control bypass valves (CF30, 39, 48,

57), feedwater preheater bypass valves (CA149, 150, 151, 152), feedwater by-
pass tempering flow valves (CA185, 186, 187, 188), and fezedwater pump discharge
isolation valves (CF10, 17). In addition, a safety injection signal or a steam
generator high-high water level signal will trip the feedwater pumps.

The Auxiliary Feedwater System is discussed in Section 10.4.9, and the supply
of condensate available for emergency purposes is discussed in Sections 9.2.6
and 10.4.9.

10.4.7.3 Safety Evaluation

The safety-related portion of the Feedwater System is designed in accordance
with the design bases presented in Section 10.4.7.1. The system has been
analyzed to assure it meets these bases. Any failure in the non-safety class
portions of the Condensate and Feedwater Systems does not prevent safe shut-
down of the reactor.

The Condensate and Feedwater System is designed to automatically maintain the
water level in the steam generators during steady state and transient operating
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g) Steam generator feedwater control valves
Feedwater flow to the individual steam generators will be controlled by a
three alement feedwater control system using feedwater flow, steam genera-
tor water level, and main steam flow as control parameters for steam
generator feedwater control valves 1CF28, 1CF37, 1CF46, and 1CF55.

h) Steam generator feedwater control valve bypass valves
The bypass valves around the steam generator feedwater control valves
will be manually controlled by the operator from the control room at low
load.

1)  Hotwell low level
Normal hotwell makeup control valve 1CS47 will open on low hotwell level.
Hotwell recirculation makeup control valves 1CS33 and 1CS57 will open on
Tow=Tow hotweli level.

J) Hotweil high level
Hotwell high level control valve 1CM33 will open on high hotwell level.
This valve will also be controlled off of high hotwell pump discharge
pressure,

10.4.8 STEAM GENERATOR BLOWDOWN SYSTEM

10.4.8.1 Design Bases

The design bases for the Steam Generator Blowdown System are:

a.

Maintain proper steam generator shell side water chemistry (see Table
10.3.5-1) by removing non-volatile materials due to condenser tube leaks,
primary to secondary tube leaks, and corrosion that would otherwise
become more concentrated in the shell side of the steam generators.

Size all equipment to handle the maximum allowable blowdown flowrate from
all steam generators simultaneously. Maximum allowable blowdown flowrate
is specified by the steam generator manufacturer based on steam generator
blowdown nozzle errosion condiserations.

Provide equipment and flowpath to allow purification and recovery of
steam generator blowdown for reuse in the condensate cycle.

Provide equipment and flowpath to allow discarding of blowdown.
are not in use.

Provide a continucus sample for measurement of the radioactivity
and conductivity of the steam generator blowdown.

Isolate the blowdown lines leaving the containment on a containment
isolation signal and on an auxiliary feedwater automatic start signal.
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g. Seismic quality group classifications, and code requirements of the

Steam Generator Blowdown System and components are provided in lable
3. 8. 2=&.

10.4.8.2 System Description

A separate Steam Generator Blowdown System (BB) serves each of the two units
at Catawba. The separate units' BB Systems are similar but ao differ slightly
and are shown on Figures 10.4.8-1, 10.4.8-2, 10.4.8-3, 10.4.8-4.

The BB System is used in conjunction with the Condensate System (CM) to maintain
proper secondary side water chemistry. Non-volatile solids resulting from
corrosion, steam generator tube leaks, or condenser tube leaks tend to concentrate
in the steam generators. The BB System is designed to contro)l the concentration
of these impurities by continuously removing a portion of fluid from the

shell side of the steam generators. This blowdown is either discarded or
purified for makeup to the CM System.

The BB System consists of the following:

One steam generator blowdown tank

Two 100% capacity steam generator blowdown pumps

Two 100% capacity steam generator blowdown recovery heit exchangers
Two 100% capacity steam generator blowdown demineralizer prefilters
Two 100% capacity steam generator blowdown demineralizers

Piping, valves, and instrumentation

o anocwe

The blowdown tank, pumps, demineralizer prefilters, and the shell of the
blowdow:: recovery heat exchangers are constructed of carbon steel. The blow-
down demineralizer and the blowdwon recovery heat exchanger tubes are stainless
steel. System piping and valves consist of carbon steel and stainless steel.
Table 10.4.8-2 presents the BB System component design data. System safety
class requirements are presented in Table 3.2.2-2.

The BB System begins at the steam generator blowdown nozzles where blowdown

flow is extracted from the steam generators. The blowdown is withdrawn from

just above the steam generator tube sheets by internal blowdown headers. The
Unit 1 BB System connects to both of two blowdown nozzles on each steam generator.
The Unit 2 BB System connects to one of two available blowdown nozzles on each
steam generator This difference results from different mode! steam generators
being used in the two units and the different internal blowdown header design
associated with each model steam generator.

On Unit 1, the piping from each blowdown nozzle contains a globe valve which

is used to balance flow between the two blowdown nozzles on each steam generator.
Downstream of these globe valves, the two lines from each steam generator join
into a common header. On Unit 2, the piping connects tc just one nozzle per
steam generator, and an isolation valve is provided. The blowdown header from
each steam generator then runs from inside containment, out through containment
isolation valves, and eventually to the steam generator blowdown tank in the
Turbine Building. Two parallel blowdown flow control valves per header are
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provided to control blowdown flow rate from each steam generator. These valves
are located close to the blowdown tank and are positioned manually by the
operator from the Control Room. Maximum allowable blowdown flowrates are
specified in Table 10.4.8-1. During most modes of operation, the fluid in

the blowdown headers will be two-phase.

Downstream of the blowdown flow control valves, the blowdown flashes to the
steam generator blowdown tank. The blowdown tank separates the water and
steam phases of the blowdown. The steam phase is normally routed to the "D"
heater extraction lines to recover thermal energy and conserve condensate.

Alternately, the steam from the blowdown tank can be vented to atmosphere.
Blowdown tank pressure will ride on the pressure of the receiver of discharge
since the steam is cascaded from the tank to the discharge receiver. The
blowdown tank is protected from overpressurization by a safety valve located
on top of the tank. "D" heaters and "D" heater extraction lines are protected
from overpressurization from the blowdow~ tank by a safety valve located in
the steam vent line near "D" heaters. Blowdown tank level is automatically
controlled by valve BB39 which is located downstream of the blowdown de-
mineralizers.

The water which is separated from the flashed fluid in the blowdown tank is
pumped from the tank by one of two 100% capacity blowdown pumps. Each blowdown
pump provides its own seal water from the pump discharge through a seal water
cooler. The blowdown pumps are provided minimum flow protection by a common
flow element and control lToop which modulates valve BB86 on low flow to maintain
100 gpm through an operating pump. This minimum flow path discharges back to
the blowdown tank.

Blowdown pump discharge is routed to the blowdown recovery heat exchangers.

Two 100% capacity heat exchangers are provided with one normally in use and

the other isolated but available as an alternate. The blowdown recovery heat
exchangers are regenerately cooled by flow from the Condensate System (CM)

to recover thermal energy and reduce blowdown temperature to a point suitable
for demineralization or discharge to the turbine building sump. Normally,
blowdown will be cooled, demineralized, and discharged to the condenser hotwell
to conserve condensate quality water. However, a bypass line is provided
upstream of the heat exchangers to allow bypass flow around the prefilters and
demineralizers and allow blowdown pump discharge directly to the turbine
building sump. A bypass is also provided downstream of the heat exchangers to
bypass flow around the prefilters and demineralizers and directly t the turbine
building sump a“ter being cooled by the blowdown recovery heat exchangers.
These bypass lines join into a common header and intersect the common demineralizer
effluent line upstream of valve BB39.

New Page
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Downstream of the blowdown recovery heat exchangers, blowdown flow is routed
to two 1005 capacity demineralizer prefilters, which serve to remove corrnsian
products from the blowdown stream. These cartridge type filters are arranged
in parallel with one normally in operation and one isolated. The prefilters
will become highly radiactive during plant operation with any steam generatcw
tube leaks and are shielded accordingly.

Downstream of the blowdown demineralizer prefilters, blowdown flow is routed

to two 100% capacity mixed bed demineralizers. The blowdown demineralizers are
arranged in parallel with one normally in operation and one isolated. The
blowdown demineralizers are nonregenerative, i.e., when the ion erchange
capacity of the bead resins is depleted, the resins will be discharged and
replaced with new resins The demineralizers are designed for manual opera.ion
during all operating modes. Run length between resin replacement will vary
depending on operating conditions but shouid normally be between cne and three
months. The demineralizers will become highly radiocactive during plant cperaticn
with any steam generator tube leaks. Shielding is provided around the deminer-
alizers. All normally used valves, instrumentation and controls are located
outside of the shield walls to minimize operator exposure to radiation. Resin
traps are provided in the deminer ‘zer effluent lines to catch any resins
resins released due to faulted demineralizer resin retention strainers. The
resin traps are located within the demineralizer shield walls to provide
radiation shielding if the released resins are radioactive.

Instrument air and demineralized w. er is supplied to the demineralizers for

use in resin fill, resin mix, slow fill, and resin removal modes of operation.
Pressure regulators, valves, and instrumentation are provided to control
instrument air and ademineralized water supply during these operating modes.

The resins which are removed from the demineralizers following depletion =an be
sluiced to the condensate polishing demineralizer backwash tank or to a portable
cask liner located near the polishers.

Downstream of the blowdown demineralizers, the individual effluent lines join
into a common header. This header joins with the demineralizer bypass header
upstream of blowdown tank level control valve BB39. 08B39 automatically modulates
to regulate flow from the blowdown tank to maintain tank leve! at set point.
Downstream of BB39 the flow path splits and blowdown can be routsd to either
the condenser hotwell or the turbine buildin m). Normally, biowdown will be
routed through a blowdown recovery heat e» r. a prefilter, a demineralizer,
and discharged to the condenser hotwel! «. ‘@r, during operation with high
blowdown impurities or the blowdown " rs unavailable, it may be
desirable or necessary to bypass the rs and route the blowdown to
the Turbine Building sump for disposa

Motor operated or pneumatic isolation valves are provided at various points
throughout the system to allow blowdown flow path determination from the
Control Room. Containment isolation valves are provided for each steam gen-
erator blowdown header at the containment penetrations These containment
isolation valves automatically close on a phase A containment iselation signal
or an auxiliary feedwater auto-start signal.
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Samples are taken from the BB System at several points by the Nuclear Sampling
cystem (NM) and conventional Sampling System (CT) Local grab samples are
also provided at various points through the system.

The NM System takes samples of each steam generator's shell side water in the
vicinity of the downcomer and also samples blowdown from each steam generator
blowdown header. Radiation monitor 1EMF34 located in the NM System continuously
monitors steam generator blowdown fluid and will automatically close the
blowdown flow control valves BB24, 65, 73, 156, 157, 158, 159, blowdown tank
steam vent to atmosphere isolation valve BB27, and blowdown pump discharge to
Turbine Building sump isolation valve BB48 if activity of the blowdown fluid is
too great. Blowdown can be continued during periods of high activity by
overriding the radiation monitor, opening the blowdown flow control valves, and
routing blowdown tank steam and water to the "D" heaters and condenser hotwell,
respectively.

The Liquid Radwaste System (WL) has a connection to each steam generator
blowdown header upstream of the containment isolation valves. These connections
are piped to the steam generator drain pump which can be used to drain the

steam generators. The WL System is normally isolated from the BB System by two
WL isolation valves per line which are locked closed.

The Steam Generator Wet Lay-up Recirculation System (BW) is connected to each
steam generator blowdown header in the doghouse downstream of the containment

isolation valves. The BW System is normally isolated from the BB System by
isolation valves which are locked closed. During steam generator wet lay-up
recirculation, water will be recirculated through the steam generators by
pumping into the steam generators through the blowdown headers and withdrawing
water through the auxiliary feedwater nozzles

The BB System contain Duke Class B, F and G piping. Class B pining is provided
inside containment and through containment penetrations. Class F piping is
provided in the doghouse and Auxiliary Building, and Class G piping is provided
in the Turbine Building. The presence of Duke Class B (ASME Section III-Class
2) piping and the system containment isolation function requires the system to
be designated "Nuclear Safety Related.”
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10.4.8.3 Safety Evaluation

The Steam Generator Blowdown System is designed to operate manually and on

a continuous basis as required to maintain acceptable steam generator secondary
side water chemistry. The presence of ASME Section III - Class 2 piping and
the system containment isolation function requires the sytem to be desirizated
“"Nuclear Safety Related". A1l blowdown lines which penetrate the Containment
are isolated automatically upon containment isolation signal and auxiliary
feedwater automatic start sigral. The portion of the system inside the con-
tainment and the portion utilized as containment isolation are designed in
accordance with applicable safety class requirements. A failure analysis is
presented in Table 10.4.8-3.

The Steam Generator Blowdown System is designed to prohibit radio-

active discharge to the environment from the blowdown liguid. During times
of abnormally high primary-to-secondary leakage, blowdown is terminated by
the radiation monitors. At this point the operator analyzes the situation
and aligns the Steam Generator Blowdown System in the proper mode

of operation.

In addition to the Condensate Cleanup System, Component Cooling System, and
Containment Isolation System, the Steam Generator Blowdown System also inter-
faces with the Steam Generatur Wet Layup System (BW). The BW System is used
to maintain satisfactory secondary side water chemistry during periods of

wet layup.

The primary and secondary water chemistry specifications are given in Tables
10.4.8-4 and 10.4.8-5, respectively, to show the compatibility with primary-
to-secondary system pressure boundary material. This subject is discussed
extensively in Section 5.4.2.1




10.4.8.4 Tests and Inspections

Tne equipment will be tested by the manufacturer in accordance with the
various applicable code requirements. Proper operation fo the System is
verified during unit startup. During normal operation of system, periodic
checks of operating conditions 'i1]1 detect any deterioration in the
performance of system components

The Containment Isolation valves are functionally tested per the Catawba
Nuclear Station Pump and Valve Inservice Testing Program.

10.4.8.5 Instrumentation Applications

10.4.8.5.1 Flow Instrumentation

Flow instrumentation is provided in each of the blowdown lines to give
control room indication of each steam generator blowdown flow Flow rate

can be set in the control room by adjusting a manual loader which throttles
blowdown control valves in each of the blowdown lines to the desired flew rate.

Flow instrumentation is provided in the steam generator blowdown pumps
discharge header to open the valve in the recirc line if flow becomes too
low. Also flow instrumentation is provided in this line to indicate flowrate
to the BB demineralizers or Turbine Building sump. Flow instrumentation is
provided in the Blowdown tank steam vent line to indicate steam flowrate
leaving the tank.

10.4.8.5.2 Level Instrumentation

Level instrumentation is provided in the steam generator blowdown tank

to throttle the contrel valve located in the steam generator blowdown pump
discharge header to keep a set level in the tank. If the level becomes too
high, each of the blowdown flow control valves is automatically shut. If

the level becomes too low, blowdown tank level control valve BB39 is
automatically closed and the steam generator blowdown pumps are tripped. Local
level indication is given

10.4.8.5.3 Pressure Instrumentation

Pressure instrumentation is provided on the steam generator blowdown tank
to provide pressure indication and high pressure alarm and trip.

Pressure instrumentation is provided in the discharge of
blowdown pump to give lccal indication of pump discharge

Differential pressure is indicated and hi differential 18

an
7!
icross the BB demineralizer prefilters, BB demineralizers, an demii

resin tr aPpsS

ire Page Revised
Rev. 11




Temperature Instrumentaticon

Temperature instrumentation is provided in each blowdown line to give control
room indication of blowdown temperature Blowdown temperature to the BB
demineralizers is indicated and high temperature gives an alarm. High-high
ter erature isolates the BB demineralizers from flow.

10.4.9 AUXILIARY FEEDWATER SYSTEM

Design Bases

The Auxiliary Feedwater System (CA) assures sufficient feedwater supply to the
steam generators (S/G), in the event of loss of the Condensate/Feedwater System,
to remove energy stored in the core and primary coolant. The CA System may aiso
be required in some other circumstances such as evacuation of the main control
room or cooldown after a loss-of-coolant accident for a small break, including
maintaining a water level in the steam generators following such a break.

fThe two units are provided with separate CA Systems.

The CA System is designed to start automatically in the event of loss of offsite
electrical power, trip of both main feedwater pumps, safety injection signal, or
low=low S/G water level; any of which may result in, coincide with, or be caused
by a reactor trip. The CA System will supply sufficient feedwater to maintain
the reactor at hot standby for two hours followed by cooldown of the Reactor
Coolant System (NC) to the temperature at which the Residual Heat Removal System
(ND) may be operated.

Three CA pumps are provided, powered from separate and diverse power sources,
Two full capacity motor driven pumps are powered from two separate trains of
emergency on-site electrical power, each normally supplying feedwater to two
steam generators One full capacity turbine driven pump, supplying feedwater
to two steam generators, is driven from steam ccntained in either of the two
steam generators. Only one of the three CA pumps must function to supply the
minimum total feedwater requirements to at least two intact steam generators
at a pressure corresponding to the lowest S/G safety relief valve set pressure
plus 3% accumulation at the S/G CA nozzles Design data for the CA pumps are
shown in Tables 10.4.9-1 and 10.4.9-2. A minimum of 240,000 gallons feedwater
supply 15 required for the design basis hot standby followed by normal cooldown
to conditions at which the ND System may be operated.

For a transient or accident condition, the minimun CA flow must be delivered
within one minute of any actuation signal to start the CA pumps. The minimum
flow is considered the flow delivered cnly to steam generators effective in

A

>
cooldown and does not include flow delivered to a steam generator involved
n a feedline or CA line break The minimum f

lowrate is established by West-
inghouse on the basis of providing adequate protection for the core and to

.

3ssure order| ~00 | down There are two minimum CA f w requirements, dependa-
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stringent and conservative acceptance criteria for more probable events such
as loss of normal feedwater or station blackout than for more unlikely events
such as fire, sabotage, control room evacuation, loss of all A.C. power, feed-
line break. For standard plant 412, Westinghouse has determined minimum CA
flow requirements of 600 GPM @ 120°F for loss of normal feedwater and 470 GPM
@ 120°F for more severe events or for plant cooldown following a period of

hot standby. Maximum CA temperature at Catawba may reach 138°F based on max-
imum operating condenser pressure of 243 inches Hg volume. The Westinghouse require-
ments based on 120°F are adjusted to the basis of 138°F. Based on a supply
temperature of 138°F, minimum CA flow requirements are 613 GPM for loss of
normal feedwater and 480 GPM for more severe events or for plant cooldown
following a period of hot standby.

Standards for nuclear safety related systems are met for the CA System ex-
cept for the condensate quality feedwater sources. The nuciear safety re-
lated portion of the CA System is designed for seismic and singie failure

requirements. The CA System will provide the required flow to two or more
steam generators regardless of any single active or passive failure in the
long term. Safety classifications of the Auxiliary Feedwater System com-

ponents are presented in Table 3.2.2-2.

The use of redundancy, diversity, and separation has been incorporated into
the design of the CA System to ensure its capability to function. Redundancy
is provided by using two full capacity motor driven pumps and one full cap-
acity turbine driven pump. Diversity is provided by using several water

sources, two types of pump drivers, and adequate valving for source selec-
tion, isolation, and cross-connection. Separation is provided with sepa-
rated power, instrumentation, and control subsystems with appropriate
measures precluding interaction between subsystems. Independent piping
subsystems are incorporated ‘nto the design and protected at interconnec-
tion points with appropriate isolation and/or check valves All of the nec-
assary instrumentation, controls, and valves for the motor driven CA pumps
are powered by the train of emergency A.C. electrical power associated with
each pump. The controls for the turbine driven pump are also powered by a
third emergency D.C. electrical power supply. Separation, diversity, and
redundancy are provided throughout the design of the CA System to allow the
system to perform its safety-related function in the event of a single fail-
ure coincident with a secondary pipe break and the loss of offsite electrical
power

For the postulated non-seismic event of loss of all offsite and all onsite
emergency A.C. electrical power, the CA System will perform its safety re-
lated function with the limitation that no single failure that would prevent
the single A.C. power independent turbine driven pump subsystem from fun-
ctioning occurs during this limiting event.

Jesign features and operational precautions are provided to preclude the
possibility of hydraulic instability (water hammer) in both the CA System and
the Condensate/Feedwater System during all anticipated operating transients
The conditions necessary to produce water hammer in the main feedwater piping
and/or steam generators must occur simultaneously as either low S/G tempera-
ture and ex*remely low S/G level (below the level which initiates the CA

1

system) or low S/G temperature and low S/G pressure Although piping and

Rev




valve, and a check valve. The turbine and motor driven pump discharge lines

to each individual steam generator join into a single line outside contain-
ment. These individual lines penetrate the containment and enter each steam
generator through the auxiliary feedwater nozzle. Piping and valves are pro-
vided to allow interconnection between each steam generator main feedwater

line and the corresponding auxiliary feedwater nozzle to allow feeding the

steam generators through the auxiliary feedwater nozzles during some modes of
operation. These lines, the main feedwater bypass line and the main feedwater
tempering flow line, are safety related at their intersection with the CA System
and contain safety related valves. Failure of these lines and valves has been
postulated in accordance with safety evaluation criteria and does not prevent
the CA System from performing its safety related function. The mair feedwater
bypass line is provided to allow main feedwater to feed the steam generators
through the auxiliary feedwater nozzles during hot standby, startup, low power
operation, and cooldown This is done in an effort to minimize the possibility
of steam generator water hammer during these modes of operation The main feed-
water tempering flow 1ine 1s provided to allow main feedwater to feed the steam
generators through the auxiliary feedwater nozzles during normal operation. A
small tempering flow is provided te "he auxiliary nozzles at all times when the
main feedwater bypass line is isolated, except when a feedwater isolation signal
is activated. This flow cools the inner surfaces of the auxiliary nozzles and
adjacent connecting piping and maintains the water temperature in the piping
connecting to the nozzles at approximately feedwater temperature, which should
cause the thermal stresses induced in the nozzles and connecting pipe to be
reduced when main feedwater flow is transferred to the auxiliary nozzles. Isol-
ation valves in the main feedwater bypass lines and tempering flow lines close
automatically on a feedwater isolation signal. Ouring normal operation, these
valves are controlled manualiy from the control room The auxiliary feedwater
pump discharge lines to the upper surge tank are provided for minimum flow and
testing purposes. Self-contained automatic recirculation valves are provided

to assure individual pump minimum flow when needed during operation

Flow of the auxiliary feedwater to each steam generator is monitored and
controlled in each of the motor driven and turbine driven pump discharge
lines. Flow is modulated by air operated control valves provided in each
discharge line Upon loss of air, these valves will fail open. Valve
travel stops are set at predetermined positions to provide pump runout
protection and to optimize the system resistance for various accident cases.

Any condition which could cause low steam generator pressure can cause the
CA pumps to operate beyond design capacity if automatic runout protection

is not provided. A condition which could cause this is a steamline or feed-
line break or main steam system equipment malfunction which cannot be iso-
lated To prevent excessive runout and yet maintain at least minimum C
flow to at least two effective steam generators during the operator del
period, the following measures have been i1ncorporateu:

A
A
1)

The motor operated isolation valves on the motor driven pump dischar
lines to steam generators B or C will close individually and automa-
tically if the turbine driven pump is operating and the motor driven
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Partial or complete '.,ss of source due to air leakage into the system
from a pipe crack, or failure to isolate a depleted source.

Partial loss of source due to steam void formation in the suction pip-
ing caused by excessive friction loss associated with a high flow rate,
failure Jr spurious operation of a valve causing partial closure, or
bending or partial obstruction in the pipe.

The detection scheme incorporates three differential pressure switches lo-
cated in the Auxiliary Building in a vertical leg of the common condensate
supply pipe to all three CA pumps. Upon two out of three indication of

low suction pressure, the transfer logic will be activated. T"2 instrumenta-
tion and controls for this function meet the standards for nuclear safety
related systems, including requirements for redundancy and separation. If

the station normal auxiliary electrical power is available during the initiating
occurrence, a maximum 30000 gallons additional condensate supply is available
from the condensate storage tank. If the two makeup demineralizers are avail-
able, a maximum condensate supply of 950 GPM is available for the short term or
475 GPM for an indefinite period. Additional condensate may also be provided
from condensate sources associated with the other unit, if these sources are
available, operable, and a loss of normal station auxiliary electric power has
not occurred.

A separate plant subsystem has been incorporated into the Catawba design to
allow a means of limited plant shutdown, independent from the control room
and auxiliary shutdown panels. This system, known as the Standby Shutdown
System, provides an alternate means to achieve and maintain a hot shutdown
condition following postulated fire and sabotage events. This system is in
addition to the normal shutdown capabilities available. The Standby Shut-
down System (except for interfaces to existing safety related systems) is
designed in accordance with accepted fire protection and security require-
ments and is not designed as a safety related system. The Standby Shutdown
System utilizes the turbine driven CA pump to provide adequate secondary
side makeup independent from all A.C. power and normal sources of water.
During this mode of operation, the turbine driven subsystem operates re-
motely controlled from the Standby Shutdown Facility. If the turbine has
not started automatically prior to the security event, it may be manually
started and receives suction water from condensate sources. If condensate
sources are depleted or lost, the turbine will automatically transfer suc-
tion to an independent source initiated by train A of the condensate source
loss detection logic and battery-powered motor-operated valves The indepen-
dent source of water is the buried piping of the Condenser Circulating
water System, which contains sufficient water in the imbedded pipe, inac-
cessible for sabotage, to enable the plant to be maintained at hot standby
for at least 3% days. In this manner, sufficient CA flow may be maintained
even if all normal and emergency A.C. power is lost, and all condensate

and safety-grade water sources are lost due to sabotage. All components
necessary for function in this manner are protected in vital, high security
areas of the plant.

Provisions have been incorporated into the Catawba CA System design to allow
the system to withstand the effects of a fire involving the system and near-
by surroundings The motor driven pump subsystem and the turbine driven pump
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subsystem are separated by 3 hour fire barriers into two fire zones. The tur-
bine driven pump constitutes one zone, and the two motor driven pumps con-
stitute the second zone. The instrumentation necessary for loss of condensate
detection logic is separated such that train A instrumentation is located in
the turbine fire zone, and the train B instrumentation is located in the motor
driven pump fire zone. This measure prevents loss of supply water to a sub-
system if a fire damages instrumentation in the other subsystem.

The CA System is designed to supply 40°F to 138°F water to the $/G nozzles in
the pressure range from the ND System cut-in conditions (equivalent to approx-
imately 110 psig S/G secondary side pressure) to the relieving pressure of the
lowest safety relief valve (1210 psig).

10.4.9.3 Safety Evaluation

For the design bases considerations given in Section 10.4.9.1, sufficient feed-
water can be provided at ~equired temperature and pressure even if a secondary
pipe break is the initiating event, any one CA pump fails to start, and no
operator action is taken for up to 30 minutes following the event. Because the
Auxiliary Feedwater System is the only source of makeup water to the steam gen-
erators for decay heat removal when the Main Feedwater System becomes inoperable,
it has been designed with special considerations. The use of redundancy, div-
ersity, and separation has been incorporated into the design of the CA System

to ensure its capability to function.

Redundancy is provided by using two full capacity motor driven pumps and one
full capacity turbine driven pump. Diversity is provided by using several water
sources, two types of pump drivers, and adequate valving for source selection,
isolation, and cross-connection. Separation is provided with separated power,
instrumentation and control subsystems with appropriate measures precluding
interaction between subsystems. Independent piping subsystems are incorporated
into the design, protected at interconnection points with appropriate isolation
and/or check valves to ensure a high degree of piping separation, redundancy,
and diversity. A CA System component failure analysis is presented in Table
10.4.9-3. Transients and accidents requiring the CA System to function, dis-
cussed in Chapter 15, demonstrate that the CA System satisfies the design bases
described in Section 10.4.9.1.

Following a loss-of-coolant accident, the CA System may be used for supplying
water to the steam generators to develop a water head and thereby prevent
potential tubesheet leakage from the primary to the secondary side of the

steam generators. The two motor driven pumps will be used for this purpose

as steam for the turbine driven pump may or may not be available. In the event
of failure of one of the motor driven pumps, the water supply to two of the
steam generators would be temporarily unavailable. By opening the crossconnec-
tion valves between the motor driven pump discharge lines, the one operating
motor driven pump may be used to fill and maintain level in all four steam
generators.
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Table 10.4.8-1

Maximum Allowance Blowdown Flowrate

Westinghouse has imposed restrictions on the allowable flowrate through the
steam generator blowdown nozzles. Exceeding the specified maximum for an
extended period of time can resuit in erosion or possibly mechanical vibration
of the blowdown pipe inside the steam generator. As it is impractical to
repair a damaged internal blowdown pipe, the specified maximum valves should
be observed.

On Unit 1, maximum allowable blowdown flowrates vary with unit load and are
specified as follows:

Load (%) Max. allowable flowrate per steam generator

0 69,500 1bm/hr
50 63,400 1bm/hr
100 57,600 1bm/hr

On Unit 2, the maximum allowable blowdown flowrate per steam generator is
55,000 1bm/hr for a cummulative time of 1 year and 25,000 1bm/hr for the
remainder of the steam generator service life. These maximum values apply at
all loads. No such cummulative time limitations apply to the Unit 1 steam
gererators.
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Table 10.4.8-2 (Page 1)

Steam Generator Blowdown System Component Design Parameters

STEAM GENERATOR BLOWDOWN PUMPS

Number Per Unit 2

Type Vertical Inline
Design Pressure, PSIG

Design Temperature, °F

Head at Design Flow, Ft 500
Temperature of Pumped Fluid, °F 110-365
Capacity at Design Head, GPM 360

STEAM GENERATOR BLOWDOWN TANK

Number per Unit 1
Volume, Gallons (approx.) 3000

1 Normal Operating Pressure, PSIA 1.3-160
Design Pressure, PSIG 205
Design Temperature, °F 390
Construction Material Carbon Steel

: STEAM GENERATOR BLOWDOWN RECOVERY HEAT EXCHANGERS

Number per Unit 2
Manufacturer Josesph Qat Corp.
Type CGU
Tube Side:
Design Pressure, PSIG 485
Design Temperature, °F 430
Design Flow, ibm/hr 203,000

[nlet Temperature, °F 365
Qutlet Temnerature, °F 130
Foulinj Factor 001
Pressure Drop at Design Flow,

PSI 8.1
Material Stainless steel

Shel! Side

Design Pressure, PSIG 380
Design Temperature, °F 180
Design Flow, 1bm/hr 1,985,000
Inlet Temperature, °F 110
Qutlet temperature, “F 134.4
Fouling Factor )005

Pressure drop at design flow,

Material Carbon steel



Table 10.4.8-2 (Page 2)

Steam Generator Blowdown System Component Design Parameters

STEAM GENERATOR BLOWDOWN DEMINERALIZER PREFILTER

Number per Unit 2
Manufacturer Pall Trinity
Type Cartridge
Design Pressure, PSIG 485
Design Temperature, °F 430
Design Flow, GPM 500
Retention Size, Microns 2-10
Clean Pressure Drop at DEsign Flow,

PSI 2
Cartridge Structural Design Max.

Pressure Drop, PSI 75
Material of Construction Carbon Steel

STEAM GENERATOR DEMINERALIZER

Number per Unit 2
Manufacturer Graver
Type Mixed-bed, non-regenerative
Design Pressure, PSIG 485
Design Temperature, °F 430
Operating Temperature, °F 130
Design Flow, GPM 500
Clean Pressure Drop at DEsign Flow,
PSI 5
Flow Loading at Design Flow, GPM/ft2 17.7
Total Resin Volume, Ft3 85
Anion to Cation Ratio 1:3
Resin Bed Depth, in. 36
Material of Construction Stainless Steel

STEAM GENERATOR BLOWDOWN DEMINERALIZER RESIN TRAP

Number per Unit 2
Manufacturer Muelier
Type Y=strainer
Design Pressure, PSIG 485
Design Temperature, °F 430
Design Flow, GPM 500
Clean Pressure Orop at Design Flow,

PSI 1
Retention Size, Mesh 100
Material of Construction Carbon Steel
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labie 10.4.8-3 (Page 1)

Failure AQ411?131 Steam Grﬁrrdtu! 5}nwdgwn System

Faillure L(:Hbf‘(iUt‘lu,t‘t; Action

(1) Rupture of blowdown |1ne Hot water under pressure partially flashes Same action taken
between steam generator to steam Pressure i1n lower compartment for small steam break
and isolation valve inside increases, and vapor passes through ic eds
containment Water level in affected steam generator

increases Radioactivity present in steam
generator remains inside containment

Rupture of blowdown line Hot water under pressure escaped 1nto When the leak 1s
from outside containment Doghouse or Turbine Building and partially discovered, the operator
to flash tank flashes to steam Some of the radioactive closes blowdown isolation
material in Blowdown is carried out with valves
building ventilation exhaust

Rupture of blowdown 1ine Water or steam under pressure escapes When the leak 1s
down stream of flash tank into Turbine Building and water 1s discovered, the operator
collected by floor drains closes all blowdown
isolation valves

if instrument aiy Ihe following valves will fail as listed No action i1s required

be low from the operator
1BB6S Fai Close Blowdown will be
1BB69 Fail Close reestablished once
iBB24 Fai Close instrument air 1s
1BB73 Fail Close obtained
1BB39 Fai Open
1BB86 Fai Open
1BB27 Fai Close
1BB48 Fai Close
1BB156 Fai Close
188157 Fai Close
1BB158 Fai Close
1BB159 Fai Close
IBB175 Fail Open




Failure

(5) One blowdown pump is
inoperable.

Table 10.4.8-3 (Page 2)
Failure Analysis, Steam Generator Blowdown System

Con: S

1BB178 Fail Open
iBB188 Fail Close

No activity will be released to the atmosphere
if a primary to secondary leak is present.

Second blowdown pump can be used.

Action

Second blowdown pump
is aligned vor operation.
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Table 10.4.9-1
Auxiliary Feedwater System
Motor Oriven Pump Design Data

Quantity per Unit

Type

Fluid

Design temperature, °F

Design flow rate, GPM @ 134°F
Design head, ft. H,0 @ 134°F
NPSH requried, at design flow,

Rated RPM

lype
Rated
Rated

Service Factor

?
4

Centrifugal, Horizontal

led,
600

3600

Power Requirements 4000 VAC,

electric

motor




Table 10.4.9-2
Auxiliary Feedwater System
Turbine Driven Pump Design Data

Quantity per Unit . 1
Type Centrifugal, Horizontal
Fluid Water
Design temperature, °F 160
Design flow rate, GPM @ 134°F 1000
Design head, ft. H,0 @ 134°F 3217
NPSH required, at design flow, ft. H,0 @ 134°F 15
Rated RPM 3600
Driver:
Type Direct coupled, Single stage turbine
Rated BHP 1160
Rated RPM 3600
Steam inlet pressure, max/min, psig 1210 - 110
Back pressure, psig 3

The auxiliary feedwater pump turbine is qualified to Seismic
Category I.
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Table 10.4.9-4 (Page 2)
Auxiliary Feedwater System
Instrumentation and Control

Control
Indicators Room

Condensate sources low level indicating lights X
Local/remote control "indicating 1ights X
Loss of condensate source indicating lights

Auxiliary feedwater pump loss of condensate source
indicating lights

Auxiliary feedwater pump suction valves CA7A,
CA9B, CA1lA, CA15A, CA18B, CA85B, CAll6A
open/close position

Nuclear service water supply valves
RN250A, RN310B open/close position

Auxiliary feedwater flows to
A,B,C,D steam generators

Individual auxiliary feedwater pump discharge flows
Main feedwater pressure

Upper surge tank level

Auxiliary feedwater condensate storage tank level
Hotwell level

Condensate storage tank level

Nuclear service water pond level

Auxiliary feedwater pumps running lights

Auxiliary feedwater pumps automatic start
defeat indicating lights

Auxiliary feedwater pumps recirculation flow
indicating lights




l

|

Table 10.4.9-4 (Page 3)
Auxiliary Feedwater System

Instrumentation and Control

Controls
Motor driven pump A stop/start
Motor driven pump B stop/start
Turbine driven pump stop/start
Individual valve position controls for pump
discharge flow control valves CA36, CA40,
CA44, CA48, CA52, CAS6, CA60, CAb4
Individual auxiliary feedwater motor operated
isolation valves CA38A, CA42B, CA46B, CAS50A,
CA54B, CAS8A, CAB2A, CA66B open/close
Local/remote control transfer switch

Auxiliary feedwater condensate storage tank
supply valve CA6 open/close/auto

Upper surge tank supply valve CA4 open/close
Condenser hotwell supply valve CA2 open/close

Auxiliary feedwater pump suction valves
CA7A, CA9B, CAllA open/close

Nuclear service water supply valves
RN250A, RN310B, open/close/auto

Turbine speed control
Turbine trip and reset control

Auxiliary feedwater turbine main steam supply
valves open/close

Main feedwater bypass to auxiliary feedwater
nozzle isolatior valves open/close

Auxiliary feedwater pump suction valves
CA15A, CA18B, CA85B, CAll6A open/close/auto

Auto start defeat switch (motor driven pumps only)

Control

Room

X
X

Local
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Table 10.4.9-4 (Page 4)
Auxiliary Feedwater System
Instrumentation and Control

Specific control room alarms for the Auxiliary Feedwater System:

Low hotwell level
Low upper surge tank level |
Low-low auxiliary feedwater condensate storage tank leve) ‘

Aux. Feedwater System Loss of Condensate source

Turbine stop valves not open

Control room control overridden by local panel control

Any auxiliary feedwater pump discharge motor operated isolation valve not open

Any nuclear service water supply valve not closed (RN250A, RN310B, CAl15A,
CA188, CA85B, CAll6A)

High temperature alarms for pump and driver bearings and motors

Any auxiliary feedwater pump suction valve CA7A, CA9B, CAllA not open

Low auxiliary feedwater condensate storage tank level

Low auxiliary feedwater condensate storage tank level coincident with low upper
surge tank level

Less than recommended inventory in upper surge tanks

Loss of condensate source
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11.2.2 SYSTEM DESCRIPTION AND FUNCTIONS

11.2.2.1 General Description

Portions of the Liquid Radwaste System common to both units (shared) are shown
on Figures 11.2.2-1 through 11.2.2-9. Those portions contained separately in
each unit are shown on Figures 11.2.2-10 through 11.2.2-16 for Unit 1 and
11.2.2-17 through 11.2.2-23 for Unit 2.

Of prime importance to successful Liquid Radwaste System operation is the
segregation of input streams so that large quantities of water with little or
no radioactivity content can be swiftly monitored and released, while small,
controlled quantities of dirty, contaminated, water can be collected, pro-
cessed, and recycled or released. [Deaerated, recyclable water can be simply
collected and re-used.

The Liquid Radwaste System, as delineated in ANSI N199, begins at the inter-
faces with the Reactor Coolant System pressure boundary and at the second
vaive in lines from other systems, or at those sumps or floor drains provided
for liquid waste with the potential of containing radioactive material and
terminates at the point of controlled discharge to the environment, or at the
point of interface with the Solid Radwaste System, and at the point of recycle
back to storage for reuse.

The Liquid Radwaste System includes all piped agueous equipment flush and
drain lines with the exception of corrosion inhibited water drains, all floor
drains, decontamination sink drains, ultrasonic cleaner drains, laundry drains,
and ventilation equipment drains in the Auxiliary and Reactor Buildings. The
Liguid Radwaste System does not include any sanitary sewer drains whatsoever.
Drains from components containing corrosion inhibited water are piped to the
component cooling drain sumps in the KC System.

The WL System is designed to collect liguid wastes as follows:

a. Deaerated recyclable liguids containing fission product gases and other
radioactive materials including tritium are collected in the reactor
coolant drain tank in the Reactor Building or the waste drain tank in the
Auxiliary Building.

b. Aerated recyclable liquids containing radioactive materials including
tritium are collected in the waste evaporator feed tank.

c. Liquids from the floor drains in the Reactor Building and radiation areas
of the Auxiliary Building that are potentially radiocactive, but generally
suited for plant discharge without treatment, are collected in the floor
drain tank, either directly or via floor drain sumps A and B, the contain-
ment floor and equipment sumps A and B, and incore instrumentation sumps
of both units.

d. Liquids from Auxiliary Building floor drains in areas other than radia-
tion areas are considered clean and are collected in floor drain sumps C
and D. They are discharged to the Turbine Building sump through a
monitor which alarms upon detectable radioactivity, diverting the flow to
the floor drain tank for processing.
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The normal radioactivity concentration from the containment ventilation unit
condensate drain tank is expected to be undetectable. The radicactivity set-
point for the CVUCDT monitor is 1E-6 3Ci/ml, the minimum concentration detec-
table by the monitor. The basis for this setpoint is to assure that any
detectable radioactive liquids present in the CVUCDT are monitored to deter-
mine if processing by the Liquid Radwaste System is required.

13.8.1.2.1.4 Nuclear Service Water (NSW) Monitors

The nuclear service water monitors consist of two off-line gamma detectors (high
range and low range) for each NSW train that continuously monitor the NSW return
flow from the containment spray heat exchangers. Radiodctivity in excess of a
preset level in the NSW return flow from a containment spray heat exchanger is
indicative of a heat exchanger tube leak (e.g., during post-LOCA recirculation
of the containment sump). High NSW activity is alarmed in the control room to
alert the operator to isolate the affected heat exchanger.

The normal radioactivity concentration in the NSW system is expected to be
undetectable. The radioactivity setpoint for the NSW monitors is 1E-6 aCi/ml,
the minimum detectable by the monitors. The basis for this setpoint is to
limit the activity released to the environment from the NSW system to a value
as low as reasonably achievable.

13.5.1.2.1.5 Component Cooling Water Monitors

The component cooling water monitors are off-line gamma detectors that continu-
ously monitor the component cooling water at the downstream side of the two
component cooling water heat exchangers. Radioactivity in the component cooling
water is indicative of primary coolant in-leakage through a heat exchanger
served by the Component Cooling Water System. In the event radioactivity in
excess of a preset limit is detected in a train of the Component Cooling Water
System, the associated component cooling water monitor actuates an alarm in

the control room and closes the vent valves of the associated component cooling
water surge tank. The radiocactivity alarm alerts the operator to locate and
isolate the faulty heat exchanger.

The normal concentration of activity in the Component Cooling Water System
varies with the amount of activated Na=24. The radioactivity setpoint for the
component cooling water monitor is 1E-3 aCi/ml. The basis for this setpoint is
to respond to inleakage of radioactivity. The Component Cooling Water System
is a closed system. This setpoint may be higher to allow for fluctuation in
the concentrations of activated Na-24.

11.5.1.2.1.6 Boron Recycle Evaporator Condensate Monitor

The boron recycle evaporator condensate monitor is an off-line gamma detector
that continuously monitors the recycle evaporator condensate demineralizer out-
let flow. The recycle evaporator effluent normally flows to the reactor makeup
water storage tank, however, if radiocactivity in excess of a preset limit is
detected (1.e., the effluent activity is not within the Technical Specification
Timits fur reactor makeup water), the boron recycle evaporator condensate moni=
tor actuates an alarm in the control room and initiates automatic realignment
of the flow to the recycle evaporator feed demineralizer.
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12.5.2.1.1 Laboratory Equipment

Instruments for radicactivity measurement and analysis are located in the count-
:nqirool and include the following, with nominal operational characteristics as
ndicated:

A multi-channel gamma analyzer, using Ge(Li) or HP Ge detector with at least
12X efficiency, is used for identification and measurement of gamma emitting
radionuclides in samples of reactor primary coolant, liquid and gaseous waste,
airborne contaminants, etc.

Several automatic and manual alpha-beta gas flow proportional and GM counter=
scalers (nominal 40 cpm bkgd) are used for gross beta measurements of surface
contamination.

An alpha-beta low background gas flow proportional counterscaler (nominal 1.00
cpm bkgd) is used for gross alpha measurements such as uranium or plutonium
in reactor primary coolant samples or alpha contamination from surface or air

samp les.

A dual channel liguid scintillation counter for tritium and high energy beta
counting (high efficiency) is used for measurement of tritium and high energy
beta in react~r primary coolant, liquid and gaseous wastes, onsite environ-
ao?t:l samples, etc., and for gross measurement of beta activity other than
tritium,

A shielded body-burden, and thyroid-burden analyzer (sensitivities <1/10 MPOB
for radionuclides of interest) is located in the Administration Building and

is used for bioassay purposes (i.e. measurement of possible deposited activity),
for determination of internal dose.

12.5.2.1.2 Portable Radiation Monitoring Instruments and Equipment

Portable radiation survey and monitoring instruments for daily routine use are
selected to cover the entire range from background to high levels for the rad-
fation types of concern. They are generally located in the Health Physics oper-
ations office and include the following instruments and nominal characteristics:

Beta-gamma survey meters (Geiger counters, nominal 0-100 mR/hr) used for
detection of radioactive contamination on surfaces and for low level dose
rate measurements.

Low and high range beta gamma ionization chamber survey meters (nominal

0 mR/hr = 1000 R/hr) used to cover the general range of dose rate measure-
ments necessary for radiation protection purposes.
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Neutron rem dosimeter instruments (nominal O mrem/hr = 5 rem/hr) used to
measure the sum of thermal, intermediate, and fast neutron dose rates for
radiation protection purposes

Respiratory protective equipment such as full-face masks, self-contained
breathing apparatus, and chemical cartridge respirators are used following
the guidance of applicable approval regulations contained in NUREG 0041,
Regulatory Guide 8.15 and 10CFR20.103

survey equipment for use in emergency situations is stored in emergency
kits and is located in such areas as the Control Room and the emergency
control center Respiratory protective equipment is stored in the res-
piratory facility, the Control Room and the emergency control centers

Various portable airborne gaseous, particulate, and iodine samplers are also
svailable for routine use as well as an assortment of special purpose and emer-
gency type radiation survey instruments (including bubblers for tritium, gas
sample containers, low volume samples ~2 cfm, ~100 percent efficiency particulate
filters silver zeolite cartidges and activated charcoal cartridges) All of
this equipment is normally kept in the Health Physics operations office. Neces-
sary emergency instruments are also located in the control room and at a remote
issembly point.

In addition to the portable radiation monitoring instruments, fixed monitoring

instruments, i.e. beta-gamma count rate meters (Geiger counters, thin side
window, 0-50,000 cpm) are available for use in the Radiation Control Area.
Appropriate monitoring instruments are also available at various locations
within the Radiation Control Area for contamination control purposes Portal
monitors are also utilized for personnel contamination control purposes

Personnel Monitaring Equipment

Fixed monitering instruments, i.e., beta-gamma count rate meters are located

at exits from the Radiation Control Area. These instruments are intended for
use to prevent any contamination on personnel, materials, or equipment from
being spread into the unrestricted/secondary systems areas of the station. Ap-
propriate monitoring instruments are also used at various maintenance locations
or other work areas within the Radiation Control Area for contamination control
purposes Portal monitors are utilized as appropriate, to monitor personnel
leaving the Restricted Area and to monitor persons leaving the station,

Personnel monitoring equipment consists of thermoluminescent dosimeters, (TLD's),
and self-reading pocket dosimeters which are worn by those persons who ordinarily
work in the Radiation Control Area, whose jobs require frequent access to this
area, or whose jobs involve significant levels of radiation exposure as required
by 10CFR20 [n addition, wrist badges, and/or finger tabs are readily available
for use for measurement of extremity dose This personne!l monitoring equipment
ssued from the health physics badging area located 1n the Service Building

Neutron radiation monitoring for individuals will be saccomplished by calculated




CNS

dose equivalents obtained by neutron dose equivalent rates as measured by
neutron survey instruments anu known personnel occupancy times. This is in
accordance with Regulatory Guide 8.14. The neutron spectrum is accounted for
by a neutron survey instrument which takes into account .025 ev (thermal) to
10 Mev (fast) neutrons.

The TLD has a sensitivity of a few millirem and covers a broad range up to one
thousands of rem. Personnel monitoring instrumentation is maintained, cali-
brated and subjected to a continuing quality control program. The QC program
includes the use of a computer program that compares monthly TLD values and
seif-reading pocket dosimeter totals covering the same monitoring period and
lists those correlations that are unacceptable so that effective retesting and
replacement of equipment can be done as necessary, thus helping to maintain a
high level of personnel monitoring equipment performance. Periodic NBS traceable
calibrations, instrument checks and evaluations, and other manual checks are
also performed. Luke Power Company also participates ir NRC approved perfor-
mance testing programs. Self-reading pocket dosimeters and related instruments
are also subject to periodic leak test and calibration.

Personnel monitoring badges are supplied by a centralized inhouse personnel
dos imetry service which meets all applicable requirements for sensitivity,
range, and accuracy of measurement. Conformance with appropriate standards is
also required. This service has the response capability for both routine and
emergency purposes. This service is performed in accordance with Regulatory
Guide 8.3.

Auxiliary counting and gamma analysis equipment and a body burden analyzer for
routine screening of personnel for internal exposure are provided in the Tow
background counting area in the Administration Building. Outside services for
radiobioassay and whole body counting are utilized as required for backup and
support of this program. The station equipment is sufficiently sensitive to
detect in thyroid, lungs or whole body a few percent of the permissible body/
organ burden for those gamma emmitting radionuclides expected. This method is
in accordance with Regulatory Guide 8.9.

12.5.2.1.4 Instrument Calibration and Operational Checks
In conformance with Regulatory Guide 1.33 all of the aforementioned instruments
are subjected to initial operational checks and calibration and to a continuing

quality control program to assure the accuracy of all measurements of radio-
activity and radiation levels.

12.5-6 Rev. 11



Q
471.12

el
471.12

J
471.12

cNs

are also used in conjunction with the above and keys are issued to authorized
station personnel for access to the Radiation Control Area of the plant and to
limited access areas within the Radiation Control Area, under certain conditions.

Section 12.1.1 defines the Duke Power Company overall ALARA program. Inplant
procedures involving radiological conditions are written such that keeping ex-
posures ALARA is a major consideration. The guidance of Regulatery Guides 8.2,
8.8, and 8.10 are utilized in formulating the radiological protection program
and are used in the preparation and review of operating procedures. The know-
ledge and experience gained from other Duke Power Company operating nuclear
stations, as well as other utilities, are factored into the program, also.

A1l persens entering the Radiation Control Area of the station must wear the per-
sonnel monitoring equipment (TLD and/or film badges, dosimeters, etc.) prescribed
by the Station Health Physicist in accordance with NRC Regulations and must com-
ply with applicable Radiation Work Permits.

Personnel whose jobs require them to frequently enter the Radiation Control Area
of the station for inspection purposes ordinarily are assigned a personnel mon-
itoring badge and a self-reading pocket dosimeter. Personnel working under a
specific Radiation Work Permit, in a job situation where a sizeable fraction

of the quarterly allowable dose may be received in a relatively short period

of time, are additionally assigned a high range self-reading pocket dosimeter
and/or extremity monitoring equipment, depending on job conditions. Extremity
monitoring equipment is issued for jobs or situations where the extremity dose
is expected to be limiting or controlling or in excess of the whole body dose.
High range dosimeters are issued for jobs where the dose received in a short
period of time is expected to be greater than 500 mrem (the range of the usual
dosimeters). In other words, the additional required personnel monitoring equip-
ment beyond that routinely used, is job coupled and depends on radiological con-
ditions as evaluated and determined by the Station Health Physicist for those
persons working under a specific Radiation Work Permit.

Individual Occupational Radiation Exposure records are filed and retained for
each individual in accordance with the recommendations of Regulatory Guide 8.7.
Personnel exposure and monitoring reports will be submitted in accordance with
the Technical Specifications and Regulatory Guide 1.16.

The Radiation Exposure Control (REC) computer program provides useful infor-
mation needed to efficiently and effectively maintain dzily personnel dose
records. Tiie Radiation Exposure Control (REC) computer nrogram maintains per-
sonnel dose information equivalent to the information reuuired on a NRC-5 form.
The Job Exposure Control computer program categorizes dose according to work
group and job function. The REC program also provides a report listing those
cases where poor correlation is encountered between TLD badge results and
pocket dosimeter totals reported for the same time period. These computer pro-
grams are designed for conformance with Regulatory Guide 1.156 and facilit-te
conformance with Regulatory Guides 8.2, 8.8, 8.10, and the Juke ALARA program.

Duke employees and contract service employees issued a personnel monitoring badge
are given a body-burden analysis when the badge is initially issued and when em=
ployment is terminated or alternatively, when the person is transferred to a non-
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Personnel permitted unescorted access to the Restricted Area will be given H.P.
training and a written test and will be re-evaluated annually and retrained as
necessary, in accordance with Section 19.12 of 10CFR19 and Regulatory Guides
8.13, 8.27, and 1.33.

The following radiation-safety requirements are provided to ensure that adequate
safeguards are used for handling and storing sealed and unsealed source, special
nuclear and byproduct materials. The Station Health Physicist is notified prior
to ordering radioactive sources and other such materials so that the necessary
arrangements for adequate protective measures and ALARA considerations can be
made. Upon receipt of radiocactive material at the site, Health Physics is
immediately notified. Health Physics then properly monitors, records, delivers,
opens, labels or posts, and assigns a custodian, before the source is stored or
used. The custodian is responsible for the safekeeping, uroper use, storage,
and handling of all radioactive material assigned to him. He also accounts for
the material at regular intervals whenever an inventory check is made by Health
Physics.

Al)l radioactive material is stored in appropriate locations in the RCA desig-

nated by the Station Health Physicist, and is posted or labeled in accordance

with 10CFR20 regulations. Sealed sources containing more than license-exempt

quantities of activity are leak-tested once every six months. This testing is
performed by Health Physics. The Station Health Physicist is informed of any

change in storage locations or change in custodian.

The Station Health Physicist is notified prior to shipment of radioactive mat-
erial from the station. All shipments are monitored to ensure proper packaging
and labeling, and tc complete the shipment-record forms and logs, in accordance
with Department of Transportation (DOT) and NRC regulations and other require-
ments.

All contaminated material and equipment to be removed from the RCA or transfer-
red to another location within the RCA for storage, repair, or use, are first
monitored and tagged by Health Physics. Material or equipment sent to the hot
tool crib is monitored only; however, the material is marked to designate it for
contaminated use only. Handling and control of contaminated material and equip-
ment is affected by the use of tags and labels. Contaminated material and equip-
ment are properly packaged to prevent the spread of contamination.
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Position

+ Assistant Engineer

R. C. Simpson

Table 13.1.3-1 (Page 36)

SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

General Qualifications

Academic Experience

B.S.N.E., University Duke Power Fire

of Virginia (5-81) Fighting Schoo!.

Charlotte Fire
E.I.T. (4-81) Academy (1-84)

Nuclear Qualifications

Academic Experience
Nuclear Preparatory Two years, Junior
and Nuclear Engineer, Startup,
Fundamentals Duke Primary Systems,
Power, Technical Catawba (7-83)

Training Center (1-84)

Research Reactor Three months Assistant
Training, N.C. State Engineer, Operations
University. (12-83) Procedures and Fuel
Introduction to Handling Catawba (6-84)
Systems specific,

Catawba (2-84)
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Table 13.1.3-1 (Page 40a)
SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

General Qualifications Nuclear Qualifications
Position Academic Experience Academic Experience

Shift Supervisor

Stacy S. Cooper

Additional operating
(cont.)

experience at McGuire
Nuclear Station (through
6/82) - 3 weeks

Rev. 11
New Page



Position

Shift Supervisor

John M. Hill

Table 13.1.3-1 (Page 41)

SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

General Qualifications

Academic

1968 Graduated Green-
ville Tech. Education
Center, Diploma in

Air Conditioning, Re-

frigeration and Heating

1969 - US Navy
Electrician's Mate
"A" School (6 months)

1970 - US Navy
Submarine School
(2 months)

1978-82 Attending
York Technical
College

Completed Duke
Power Management/
Supervisor course
at Lake Hickory
in 1981

Experience

1968 - Electrician on
USS Busnwell (AS15)

Qualified Duke Power
Fire Brigade (Catawba
Nuclear Station)

Nuclear Qualifications

Academic

1970 - US Navy Nuclear

Power School Bain-
bridge, MD (6 months)

1970 - US Navy Nuclear
Prototype West Milton,

NY (6 months)

1975 - Westinghouse
NSSS Design Training
(1 week)

1975 - Nuclear Power
and Nuclear Funda-
mentals (5 months)

1976 - Research
Reactor Training at
NC State (3 weeks)

1978 - Cold Certifi-
cation Training for
McGuire Nuclear Sta-
tion (6 months)

1978 - Simulator
Training (Duke Power)

1981 - Catawba
Nuclear Station
Specific Procedures
and System Training
(3 months)

Experience

1971-75 Electrical
Operator, USS

George Washington
(SSBN 598)

1975-78 Utility
Operator McGuire
Nuclear Station

1978-80 NCO
Catawba MNuclear
Station

1980 to present
Assistant Shift
Supervisor Catawba
Nuclear Station

1981 - 3 weeks at
McGuire Nuclear
Station to observe
startup and plant
operation

Additional operating
experience at McGuire
Nuclear Station
(through 6/82) -

3 weeks
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Table 13.1.3-1 (Page 4la)

SUMMARY OF QUALIFICATIONS FOR_KEY PLANT PERSONNEL

General Qualifications Nuclear Qualifications

Position Academic Experience Academic Experience

Assistant Shift Supervisor
John M. Hill Currently attending
{cont. ) Catawba 5th Shift

training




fable 13.1.3-1 (Page 44a)

UMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

General Qualifications Nuc lear qyd‘lflldt|uﬂa

Academic Experience Academic t xperience

yhitt ‘min-vvl O

Phillip J. Loss Received Associate Currently attending Performed ~ 5 Reactor

(cont.) of Science degree (AS) Catawba Nuclear Plant Shutdowns in
1980, York Technical Station 5th Shift Control Room at Oconee
College Training (1 week of Nuclear Station

each 5 weeks on Catawba
Duke Power Management Nuclear Station Systems Performed 1 refueling
courses at Catawba and other SRO training) as Utility Operator
Nuclear Station and 2 refuelings as Control
Lake Hickory Operator at Oconee
Nuclear Station

Asst Shift Supervisor,
Catawba Nuclear Station
1979~ 1980

9 months setting up
shifts at Catawba Nuclear
Station and training

new operators on shift

> years working and
supervising Procedure
development and
review process

2 weeks at Three Mile
Island as Technical
Consultant

Shift Supervisor at
Catawba Nuclear Station
1980-Present

Rev. 11
New Paqe




Position
Shift Supervi

Charlie

SOV

Skinner

fable 13.1.3-1 (Page 45)

SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

General Qualifications

A(ddem[g

High School Graduate
May 1963

Graduate of Machinist
Mate "A" School

Graduate of US Navy
Air Conditioning and
Refrigeration School

Graduate US Navy Sub-
marine School,
Groton, Conn.

(3 months)

Completed course
Electronics Technol-
ogy and Computer
Science; DeVry
Institute of Tech-
nology, Chicago,
I1linois 1974

Received Associates
of Applied Science
degree in Business
Administration from
Gaston College,
1979

Experience

US Navy Health
Physics training
and practical
experience deal-
ing with nuclear
weapons, radio-
chemistry and gen-
eral radiation
control procedures

US Navy firefight-
ing and damage
control training

Served aboard USS
Nathan Hale SSBN
623 in the Auxil-
iary Machinery
Division

Attended US Na.y
training schools on
propulsion and
auxiliary equipment
too numerous to
list

Worked as air
conditioning and
refrigeration re-
pairman and in-
staller 1970-1972

Nuclear Qualifications

Academic

Compieted Basic Nuc-
lear Power School

(US Navy) at Bain-
bridge, MD (6 months)

Navy Reactor Proto-
type Training at

S3G, Saratoga Springs,
New York (6 months)

Completed SRO Certi-
fication training at
Zion, Illinois

{3 months - 1974)

Completed Catawba
Specific Procedures
and System Training
(3 months - 1981)

Experience

Served on US Navy
Nuclear submarines
for 9% years in the
Machinery Division

Qualified through
Engineering Watch
Supervisor on the
submarines, USS
Pollack SSN60O3,
USS Lapon SSN661
and USS Sea Devil
SSN664

Worked at McGuire
Nuclear Station 4
years developing
procedures for plant
operation May 1974 -
April 1978. U0, ANCO,
NCO Assistant Shift
Supervisor

Supervised ice loading
crews during ice load-
ing at McGuire Nuclear
Station for Unit 1

Several months as
Supervisor of Document
Development Group,
Catawba Nuclear Station

Rev. 11




Table 13.1.3-1 (Page 45a)

SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

General Qualifications Nuclear Qualifications

Position Academic Experience Academic Experience

Shift Supervisor

Charlie
(cont. )

SKInner

Completed several
Duke Power Manage-
ment courses at
McGuire Nuclear
Station, Catawba
Nuclear Station
and Lake Hickory

Duke Power Fire
Brigade Member at
Oconee Nuclear
Station and Catawba
Nuclear Station

Duke Power First
Aid, CPR and
respirator training
and qualification
at McGuire Nuclear
Station and Catawba
Nuclear Station

Extensive procedure
writing and review,
Catawba Nuclear
Station

2 weeks at Three
Mile Island as
Technical Consultant
during entry to
natural circulation
mode

August 1981 to present
Assigned to Special
Projects Group; Sched-
uling, tracing and
writing Operations
Management Procedure
and Abnormal Plant
operating procedures




Table 13.1.3-1 (Page 46a)

SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

Nuclear Qualifications

Position Academic Experience Academic Experience

Assistant Shift Supervisor

Mike Janeski Attended CNS 5th Assistant Shift
(cont.) Shift Training Supervisor CNS
9/81 present 9/82
Completed RO Cold
Certification on
MNS (5 months)
Classroom Simulator
1979

R(‘»v il
New Page




fable 13.1.3-1 (Page 47)

SUMMARY CF QUALIFICATIONS FOR KEY PLAWT PERSONNEL

General Qualifications Nuclear Qualifications

Position Academic Experience Academic Experience

Shift superviscr

Michael J. Brady High School - 1965 Air Force - 1965-69 NP/NF at Technical Utility Operator
fraining Center - 1975 at McGuire 1975-78
Associate of Applied Riverbend Steam 5Sta-
Science Degree - tion 1970-73 RRT at Raleigh - Supp lement Oconee
Gaston College, 1979 1975 Shift Crew during
Belews Creek Steam Refueling Unit #2
Completed several Duke Station 1973-75 SPS at McGuire - (6 weeks 1976)
Power Management Super- 1977
visor courses at Catawba Duke Power - 12 years Assistant Control
Nuclear Station and SRO Level Cold Certi- Operator at
Lake Hickory Duke Power Fire fication at McGuire - Catawba 19/8-79
Fighting School - 1978
Charlotte Fire Cold Certification
Academy SPS at Catawba - Observation Training
1981 at Oconee Nuclear
Duke Power First Aid, Station (4 weeks 1978)
CPK and Respirator
fraining Control Operator at
Catawba 1979-80

Assistant Shift
Supervisor at
Catawba 1980-Present

McGuire/Catawba
Simulator Instructor
1981-1982
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Position

Assist

I

a

Table 13.1.

3-1 (Page 60)

SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

General Qualifications

Academic

ng_ihit(.)qygvyiEQr

Williams

3 yrs. Auburn
University (1968-1972)

Winthrop College
2 semesters (1982)

U.S. Navy Machinist
Mate School (4 Mo.)
1972.

Various Naval
fraining Schools

Experience

6 mo. Submarine
Repair Shop

Naval Health Physics
Training & Experience

Duke Power Fire
Brigade Training,
Charlotte Academy.

Duke Power First Aid,
CPR and Respiratory
Training & Qualification

Duke Power Company
total experience
4 yrs. Sept. 82.

Nuclear Qualifications

Academic

U.S. Naval Basic
Nuclear Power School
(6 mo.) 19/72.

U.S. Naval Prototype
S/W Idaho (6 mo.)

Completed CNS ISS
class of 8 wks. 1979.

Research Reactor,
2 Wk. 1979

Completed CNS Specific

Procedures & Systems
fraining (3 mo.) 1981.

Attended 5th Shift
raining, CNS.

pleted SRO Cold
ertification on MNS
5 mo. classroom and
simulator, 1980.

Experience

3.5 years Fast Attack
Submarine E.R.S.

Shipyard Overhaul and
Reactor Refueling

CNS NEO 2.2 Yr. 1978-80.

CNS ANCO, 1 Yr. 1981.

MNS Cold Certification
observation 80 hrs.,
1980.

MNS 0JT in plant
experience 1 wk
presently attending
CNS NCO 2/82, Feb. '83
Asst.
Feb.

Shift Supv.
'83 present.




Position

Table 13.1.3-1 (Page 63)

SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

General Qualifications

Academic

Assistant Shift Supervisor

H. Rybczyk

Received B.S. History
1971, Central Conn.
State College

Completed Duke Power
Leadership Training
Course

Experience

Qualified FBM Nuclear
Submarines, 1973.

Naval Fire Fighting
and Damage Control
schools.

Duke Power Fire
Fighting School
(Charlotte Fire
Academy ).

Qualified Duke Power
Fire Brigade (CNS).

Duke Power Multimedia
First Aid, CPR, Res-

pirator Training and

Qualification.

Naval Health Physics

Training and experience.

Total Duke experience
4.8 yrs., Sept. 1982.

Nuclear Qualifications

Academic

U.S. Navy Nuclear
Power School (6 mo.)

U.S. Naval Nuclear
Power Prototype IDAHO
(6 Mo.)

Nuclear Preparatory
(6 mo.) 1979.

Introduction to System
and Specifics (ISS)
1979 (6 wks).

Research Reactor
Training (1 wk) 1979.

Relay Training
(20 hrs.) 1980.

RO Cold Certification
Training and Qualif.

on McGuire 1980

(5 mo. classroom and

simulator).

Experience

Completed Navy
Qualification as
Engine Room Supervisor.

Utility Operator 1 Yr.
1978-1979.

Cold Certification
Observation ONS (80 hrs.)
1980.

In plant experience MNS
(3 mo.) 1981-82.

Nuclear Control Operator
1980-2/83

Control Room habitability
review

Asst. Shift. Supv.
Feb. '83 Present.

Rev. 11



Position

Assistant Shift Supervisor

H. Rybczyk

General Qualifications

Table 13.1.3-1 (Page 64)
SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

Academic

Nuc lear Qualifications

Experience Academic

5th Shift training and
training on various
plant systems.

Experience
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SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

General Qualifications

Academic

A;5)§g3nt Shift Supervisor

A

Miller

US Navy Machinist
Mate School 13 wks.

Completed Duke Power
Leadership Training
Course

US Naval Bearing and
Lubrication School
(1 wk.) 1977

US Naval Machine Tool
Operator (4 wks.) 1977

US Naval Lithium Bromide
Air Conditioning School
(2 wks) 1978

Comnleted 30 hrs. toward
Mechanical Engineering
Technology as of Sept.
1982

Experience

Qualified on Fast
Attack Submarines '/76

Qualified Submarine
Repair

Quality Assurance
Inspector For 5Sub
Safe and Nuclear

Systems while on

Submarine Tender

(1 yr.)

Naval Health Physics
Training and Experience

Naval Fire Fighting
School (Several wks)

Nuclear Refueling Team
for the Submarine
(4 mo.) 1978

Coordinator for cali-
bration of Gauges and
lest Equipment (1 Yr)
1977

Ships Machinist (2 yrs)

Nuclear Qualifications

Academic

US Naval Nuclear Power
School (6 mo.) 1973

US Naval Nuclear Power
Prototype SIC Center
(6 mo.) 1974

Completed Nuclear Prep
& Fundamentals (3 mo.)
1979

Completed Introduction
to Systems and Specifics
of Catawba (6 wks)

Research Reactor
Iraining (1 wk) 1979

Relay Training (2 wk)
1979

RO Cold Certification
ITraining and Qualifi-
cation on McGuire 1980
(5 mo. classroom and
simulator)

Systems and Procedures
SpEL.iYiLa (3 mo) 1981

Experience

Completed Navy Engine
Reom Supervisor
Qualificatien for

Nuc lear

Utility Operator
1978~

79

Submarines.

ANCO 1980-1981 (1 yr.)

Cold Certification
Observation ONS (80 hr.)

1980

In plant experience MNS

(2 mo.)

Performing "CNS"
Procedure Writing and
Review. (1

Nuc lear
Operator CNS Jan

Feb.

1983

Yr)

Contro

1981

Assistant Shift Supv.

Feb.

‘83 -

Present.

{1 Yr.

)




Position

Assistant Shift Supervisor

A. Miller (Cont'd)

Table 13.1.3-1 (Page 65a)

SUMMARY OF QUALIFICATIONS FOR KEY PLANT PERSONNEL

General Qualifications

Academic Experience

Duke Power Fire
Fighting Schools
(Charlotte Fire
Academy )

Qualified Duke Power
Fire Brigade (CNS)

Duke Power First Aid
CPR and Respirator
Training and
Qualification

Duke Power Company
(5 Yrs 9 Mos.) June 84

Nuclear Qualifications

Academic Experience

Fifth Shift Training -
Training on various
Systems.
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CNS

14.2 TEST PROGRAM (FSAR)

14.2.1 SUMMARY OF TEST PROGRAM AND OBJECTIVES

The general objectives of the initial test program at Catawba Nuclear Station
is to provide assurance that:

(a) The station nas been adequately designed and constructed.
(b) A1l contractual, regulatory and licensing requirements are satisfied.
(c) The station will not adversely affect the public health and cafety.

(d) The station can be operated in a reliable, dependable manner so as to
perform its intended function.

(e) Operating and emergency procedures are appropriate to the extent practicable.
(f) Personnel have acquired an appropriate level of technical expertise.

The initial test program at Catawba Nuclear Station is divided into two major
portions. The first phase of testing is the preoperational test phase and
includes all hot and cold functional testing required prior to fuel loading.
The second phase of testing is the initial startup testing phase and includes
initial fuel loading and all subsequent testing through the completion of
power escalation testing.

Preoperational tests are performed following completion of construction flush-
ing and hydrostatic testing, system turnover and initial calibration of required
instrumentation. The major objective of preoperational testing is to verify
that structures, systems and components essential to the safe operation of the
plant are capable of performing their intended function. Summaries of these
individual preoperational tests are provided in Section 14.2.12.

Preoperational testing for satisfying FSAR testing commitments will be
completed prior to fuel loading. Tests currently identified which have
portions of the test which may be completed following fuel loading are Spent
Fuel Cooling System (Table 14.2.12-1, page 34), Rod Control System Functional
Test (Table 14.2.12-1, page 7), Ice Condenser Region Functional Test (Table
14.2.12-1, page 26), and Chemical and Volume Control System Functional Test
(Table 14.2.12-1, page 6). These tests will be completed prior to initial
criticality. Tests currently identified which have portions of the test which
may be completed during power escalation testing are Piping Systems Thermal
Expansion Test (Table 14.2.12-1, page 4), Piping Systems Vibration Test (Table
14.2.12-1, pages 37 and 38), Reactor Coolant Hot Functional Test (Table
14.2.12-1, pages 3 and 3a), Feedwater and Condensate Systems Functional Test
(Table 14.2.12-1, page 10), and Condenser Circulating Cooling Water Systems
Functional Test (Table 14.2.12-1, page 11).

Other preoperational tests which are not required prior to fuel loading and

which are not safety related, such as Administrative Building Ventilation Tests,

may be completed following fuel loading. Tests (or portions of tests), for

which abstracts are provided), which do not satisfy any regulatory requirement

and which are not required by regulatory guides are identified in Tabl; 14.§i12'1.
14.2-1 ev.



CNS

Each procedure is approved prior to use by the Station Manager; or by the
Operations, Maintenance or Technical Services Superintendents as previously
designated by the Station Manager. Approved safety-related test procedures
which satisfy FSAR testing commitments will be made available for review

60 days prior to their intended use.

14.2.3.3 Changes to Procedures

Changes to nrocedures are classified as two types: minor and major. A minor
change is a change to an approved procedure which corrects errors in the ap-
plicable approved procedure of a typographical or editorial nature. A major
change is any change to an approved procedure determined not to be a minor change.

A minor change may be made by an individual with no special reviews or approvals
Minor changes, by definition, cannot alter the intent or methodology of the

test procedure as originally approved. Because of this, minor changes require
no additional review or approval. A major change to a procedure is handled in
an identical manner as the original review and approval of a procedure-see
Section 14.2.3.2.

Procedure Format

The format for test procedures will be uniform to the extent practicable and
will consist of the following sections: Purpose, references, time required,
orerequisite tests, test equipment, limits and precautions, required station
(or unit) status, prerequisite system conditions, test method, data required,
acceptance criteria, procedure and enclosures. Procedures are written in suf-
ficient detail to permit qualified personnel to perform the required tasks.

Data sheets in procedures used to verify the acceptability of Engineered Safe-
guards pumps and fans will include all essential information to allow ex-
trapolation of performance from test conditions to post accident design con-
ditions Adequate documentation is provided by the test procedure to allow
determination of system operating configurations at the time test data is ob-
tained

CONDUCT OF TEST PROGRAM

Administrative Procedures

All aspects of the startup test program are conducted under appropriate adminis-
trative procedures. The use of properly reviewed and approved procedures are
required for all preoperational and startup tests. The results of each pre-
operational test are reviewed and approved by the responsible group superin-
tendent before they are used as the basis of continuing the test program. The
results of startup testing will be reviewed and approved by the Superintendent
of Technical Services prior to proceeding to the next s1gnifticant power piateau.
In addition, the results of each individual startup test will receive the same
review as that described for preoperational tests. All modifications to safety
related systems which are found necessary are reviewed and approved by the
responsible group superintendent and the station manager

14.2-4




Table 11.2.2-5 (Page 1)

Tanks Outside Containment Which Contain Potentially
Radioactive Liquids

TANK SYSTEM F IGURE LOCATION LEVEL HIGH LEVEL OVERF LOW
(Building - INDICATION ALARM
Elevation, ft)
Volume Control NV 9.3.4-2 AB-560 Yes Yes Input diverts to Recycle Holdup Tank
on High Level
Boric Acid NV 9.3.53 AB-560 Yes Yes Overflows to Waste Evaporator Feed
Tank
Boron Recycle Holdup NB 9.3.5-4 AB-543 Yes Yes Overflows to Waste Evaporator Feed
Tanks A & B Tank Sump A
Reactor Makeup Water Storage NB 9.3.57 YD Yes Yes Overflows to Containment Spray and
Residual Heat Removal Pump Room Sump
Upper Head Injection Water NI 6.3.2-5 UHI-550 *3 Yes Overflows to Upper Head Injection
Accumulator Surge Tank .
Upper Head Injection Surge NI 6.3.2-5 UH1-586 Yes Yes Overflows to Upper Head Injection
Nitrogen accumulator
Laundry and Hot Shower Wi 11.2.2-3 AB-543 Yes Yes Overflows via vent to Floor Drain
Sump B
Waste Monitor Tanks A & B Wi 11.2.2-3 & 4 AB-543 Yes Yes Overflows via vent to Floor Drain
Sump B

* Normally full, this status is determined by level indication in the associated surye tank

Rev. 11



TABLE 14.2 7-1 (Page 2a)
COMPLIANCE WITH REGULATORY GUIDES

Regulatory Guide

Compliance

Affected
Section(s) Exception Taken

Justification

App. A 4. c Pseudo- e jected-rod measurements will
App. AS. 2 not be performed on Unit 2.

Demonstration of proper process or
effluent monitoring system response
based on correlation with indepen-
dent laboratory analysis will be
conducted only for those monitors
for which process or effuent levels
exceed the minimum sensitivity of
the detector.

oo
~N e

.h Demonstration of the operability of

.r reactor coolant/secondary purification

a.a. and clean up systems. Formal testing
will not be performed.

App. A4 Specific testing to demonstrate the
operability of control rod sequences
and inhibit/blocking functions over
the reactor power level range during

low power testing will not be performed.

App. A4 Specific testing to demonstrate the
capability of primary containment
ventilation during low power testing
will not be performed.

The calculational codes and analytical
methods used for nuclear analysis of the
reactor core are presented in FSAR Section
4.3.3. The validity of these codes and
safety analysis assumptions for ejected rod
worth will be verified as part of the ex-
tensive startup testing on Unit 1. The core
design and contrel rods utilized on Unit 2
are identical to those for Unit 1. Control
rod bank worths measurements should be suf-
ficient to verify adequacy of ejected rod
predictions. Therefore, without any gross
errors in the measured bank rod worths, the
Unit 2 pseudo ejected rod worth should be
within the safety analysis assumptions.

During initial startup testing historical
data has shown that process and effluent
monitors may not experience levels in ex-
cess of the minimum sensitivity of the
monitor. A meaningful correlation with
laboratory analysis is not possible for
these monitors.

Refer to responses to Q640.52 items
A4 h A4 r. ,6 A5 aa

Refer to Q640.52 item 4.1 response.

Refer to Q640.52 item 4_j response.

Rev. 11



TABLE 14.2.7-1 (Page 3)

COMPLIANCE WITH REGULATORY GUIDES

Affected
Regulatory Guide Comp 1 1ance Section(s) Exception Taken Justification

1.68 Rev. 2 Partial App. A S Tests and acceptance criteria will be “ontrol system testing should verify proper
developed to demonstrate the ability control of process variables within the design
of major principal plant control control deadband, not over the rarje of design
systems to automatically control pro- values of process variables. Proper control
cess variables within design limits of process variables will be demonstrated
around the nominal reference value. during power escalation over the range of

0 to 100X F.P.

Partial App. A S5 a Power coefficient measurements will NSSS vendor does not recommend performing this
not be performed at 100% power but test at 100% power due to potential of violating
will be performed at 90X power instead. axial flux difference Technical Specification.

App. A 5.0 Departure from nucleate boiling ratio fixial, Radial, and Total Peaking will be
(DNBR), maximum average planar |inear directly measured and verified during power
heat generation rate (MAPLHGR), and escalation tecting and will be used to verify
minimum critical power ratio (MCPR) DNBR and linear heat rate margin by analysis.
will not be directly verified dur-
ing power escalation testing.

Partial App. A ST Core thermal and nuclear parameters The reactor core will be under xenon transient
will not be demonstrated to be in conditions at this time. There would be in-
accordance with predictions following sufficient time to gather data under transient
a return of the rod to its bank position. conditions. There are no NSSS vendor predictions

for this configuration.

App. A S5 g Special testing to demonstrate control Refer to Q640.52 item 4.1 response.
rod sequencers/withdrawal block
funtions operation will not be per-
formed.

App. A S5.h Rod drop times will not be measured Measuring rod drop times at power would re-
at power. Quire disabling all position indication for

the rods in violation of plant Technical
Specifications.
App. A S5.i Test to demonstrate incore/excore From vendor predictions the Xenon .. 1 power

instrumentation sensitivity to
detect rod misalignment will 7ot be
performed at full power.

distributions at 50% and 100% are similar.
The performance of this test at 50% should
adequately demonstrate the capability and
sensitivity of incore/excore instrumentation
to detect control rod misalignments equal to
or less than Technical Specifications.

Rev. 11



TABLE 14.2.7-1 (Page 3a)

COMPLIANCE WITH REGULATORY GUIDES

Affected
Regulatory Guide Comp)iance Section(s) Exception Taken Justification
App. A 5 k Special testing to demonstrate ELCS Refer to Q640.52 item 5. k response.
operation will not be performed
during low power ascension testing.

Partial App. A 5.1 Specific testing to demonstrate Refer to Q640.52 item 5.1 response.
capabilities of RHR systems will not
be performed during power ascension
testing.

Partial App. A S m Differential pressure measurements will Measured Reactor Coolant System loop flows
not be made across the core or major will be compared with predicted Reac’or
reactor coolant system components. Coolant System loop flows. Any gross devia-

tion of actual loop or core pressure drops
from predicted values will be identified by
detection of the corresponding deviation of
measured flow from prediction.
Idle loop flows will not be determined Tech. Specs. does allow for less than full
during power ascension testing. flow operation.
Specific measurements for vibration Refer to Q640.39 and Q640.52 item 5. m
levels of reactor coolant system responses.
components will not be performed
during power ascension testing.
App. A 5.0 Calibration and demonstration of the Refer to Q640.52 item 5.0.
response of reactor coclant system leak
detection systems will not be performed
during power ascension.
App. A.5.p Vibratior monitoring of reactor vessel Refer to Q640.39 response.
internals will rot be performed during
power ascension testing.
App. A.5.q Proper operation of failed fuel detection Refer to response Q640.52 item 5. q.
systems will not be performed during
power ascension testing.
App. A S.r A verification of computer inputs and Inputs and calculations which do not serve

performance calculations which are
utilized to ensure compliance with
provisions of the station operating
license or accident analysis bases
will be performed.

to ensure compliance wilh provisions of
the station operating license or accident
analysis bases do not need to be verified.

Carryover
Rev. 11



Preoperational and Startup Test Schedule

Unit 1 Unit 2
Reactor Coolant System Hydro Test Compliete 2/85
Begin Hot Functional Testing Complete 5/85
Initial Fuel Loading 6/84 10/85
Commercial Operatioan 3/85 9/86




Table 14.2.12-1 (Page 3a)

REACTOR COOLANT SYSTFM HOT FUNCTIONAL TEST
Astract

Acceptance Criteria

1.

Pressurizer level and pressure control during heatup, hot operation, and
cooldown maintains NC system parameters within Technical Specification
limits.

The ability to maintain charging, letdown, and seal injection flow is
demonstrated through performance of the Chemical and Volume Control Sys-
tem Functional Test.

Control of reactor coolant system cooldown rate within the Technical
Specification limits is demonstrated.

Concrete temperature adjacent to main steam line penetrations do not
exceed 150°F.

“Main steam, steam dump, and feedwater systems operate within design limits

as specified by Duke Power Company Design Engineering Department System
Descriptions.

Condenser vacuum is maintained within normal operating limits, as spec-
ified by Duke Power Company Design Engineering Department.

Feedwater heater controls systems and hotwell level controls function
within limits as specified by Duke Power Company Design Engineering De-
partment Specifications.

The main steam isolation valves close in <5 seconds, and part-stroke
capability is successfully demonstrated.

The main steam safety valve setpoints are within the limits provided by
Duke Power Company Design Engineering Department.

Rev. 11



Table 14.2.12-1 (Page 6)

CHEMICAL AND VOLUME CONTROL SYSTEM FUNCTIONAL TEST
Abstract

Purpose

To demonstrate the capability of the Chemical and Volume Control System to
provide required flows, pressures, temperatures, and proper flow paths for
charging, letdown, seal water, and make-up to the Reactor Coolant System.
To demonstrate operability of the features necessary for sampling, chemical
addition and control of the primary system.

Prerequisites

The Reactor Coolant System Hot Functional Test is in progress. Chemical and
Volume Control System components and piping are cleaned, flushed and hydro
tested. System instrumentation and controls are available and calibrated.
Component cooling and Nuclear Service Water Systems are operable to the extent
required to operate the system.

The proper functioning of the sampling features may be tested prior to the
Hot Functional Test, as the systems are filled and hydro tested.

Test Method

The capacities of the letdown paths and the reactor coolant filter differential
pressure are measured. Letdown temperature and pressure controller responses
are demonstrated. Proper operation of the excess letdown flow path is verified.
Demineralizer design flow rates and pressure drops will be demonstrated during
precritical testing. Charging pumps are tested for design flow rates and
pressure drops. Charging pumps are tested for capability to deliver varying
flow rates. Volume control tank level and pressure control indications and
alarm setpoints are checked. Operational calibration and operation of the
different modes of dilution and boration are verified. Flow rates within the
charging, letdown, seal water and make-up flow paths are measured and verified.
Emergency boration is verified along with boric acid transfer pumps discharge
pressure in recirculation. Boric acid tank low level and low temperature
alarms are verified. Auto-opening of INV455 (boric acid batching tank tempera-
ture control valve) upon a low temperature signal is also verified.

Operability and flow paths for sampling and chemical addition are verified
by the use of normal chemistry control procedures, and successful verifica-
tion is documented as a part of this test.

Acceptance Criteria

System flows, temperatures, and pressures are within limits specified by
Westinghouse, and are conservative with respect to values assured in Chapter
15. Level setpoints and alarms within the flow paths tested actuate at the
values specified by Westinghouse.

Sampling and chemical addition components function in accordance with design
system descriptions.

Rev. 11



Table 14.2.12-1

REACTOR PROTECTION SYSTEM FUNCTIONAL TEST
Abstract

Purpose

To demonstrate the capability of the Reactor Protection System to respond
properly to logic initiation signals prior to initial fuel loading.

Prerequisites

The instrument and protection systems are energized, calibrated and aligned in
accordance with the test documents.

Test Method

Proper operation of the Reactor Protection System is verified under various
logic conditions. Testing is performed utilizing signals or simulated signals
on each of the nuclear and process protection system analog inputs in accordance
with the applicable manufacturer's instruction manual. Response timing of
channels is verified through insertion of signal into the sensor and measuring
the time from when the process reaches its set point and the Reactor trip
breakers open. The response time of the below listed protection channels will
be tested.

Power Range Neutron Flux

Power Range Neutron Flux, high Negative rate
OTAT

OPAT

PZR pressure - low

PZR pressure - high

Low reactor cooclant flow

5/G water level lo-lo

RCP undervoltage

RCP underfrequency

< 5
4.
5
b.
7
8.

O W

Acceptance Criteria

Instrument channels and solid-state logic trains for reactor protection and
protection permissives function as specified hy Westinghouse. Annunciators,
channel status lights and permissive interlock lights function to indicate
the correct status of the input signal levels




Table 14.2.12-1 (Page 1N)

FEEDWATER AND CONDENSATE SYSTEMS FUNCTIONAL TEST
Abstract

Purpose

To demonstrate the ability of these systems {o provide a steady, properly
regulated supply of feedwater flow to the steam generators during normal and
upset conditions. To demonstrate the operability of the secondary Chemical
Addition and Sampling Systems. This test is considered to be non-safety
related.

Prerequisites

Support systems necessary to operate the condensate and feedwater systems are
sufficiently in service. Steam generators are in service at hot standby
temperature and pressure conditions for applicable portions of the procedure.

Test Method

Feedwater flow rates will be varied with the bypass feecdwater control valves

in manual to demonstrate manuai control of steam generator levels during hot
functional testing. Feedwater flow rates will be varied with the main feed-
water control valves in manual to demonstrate manual control of steam generator
levels during power escalation. Manual control of feedwater pump speeds will
be demonstrated during power escalation. Operabiliiy of the feedwater heaters
and feedwater heater drains will be verified during power escalation. The
ability to obtain samples at designated points in the system and to add chemi-
cals to control feedwater chemistry are verified by the use of normal station
chemistry procedures.

Acceptance Criteria

Valve operations which are required to supply the required flows are demon-
strated by operating the required valves from the Control room. The proper
response to feedwater isclation as described in Section 10.4.7.2 is verified.

Doghouse high water level alarms actuate in Control room upon simulatien of
high water level.

Samples are obtained from the feedwater and cnndensate systems. Chemical
Addition capability is verified to be operatle.

Rev. 11



Table 14.2.12-1 (Page 11)

CONDENSER CIRCULATING WATER SYSTEMS FUNCTIONAL TEST
Abstract

Purpose

To demonstrate pre-fuel load, the proper operation of pumps and towers. To
initially set flow the balance of the cooling towers.

To demonstrate during power escalation, the capability of the condenser
circulating water system to supply cooling water to the main and feedwater
pump turbine condensers to condense the turbine exhausi steam and to provide a
sufficient heat sink for the steam dump system. This test is considered to be
non-safety related.

Prerequisites

The condenser circulating water system is complete and filled. All support
systems are operational to the extent necessary to perform the test. Alarms
are calibrated and loop checked.

Test Method

Circulating pumps, cooling towers, and instrumentation are tested to demon-
strate proper operation. System flow rates are verified where applicable.
Initial flow balancing to the cooling towers will be performed by setting inlet
valve open limit switches and adjustable weir levels around the cooling tower
distribution flumes.

During power escalation the main and feedwater pump turbine condensers'
performance parameters will be monitored to show adequate heat removal
capability.

Acceptance Criteria

Circulating pumps can be started remotely and operated. Cooling tower fans
can be started remotely and operated. Instrumentation functions and provides
remcte indication of operating conditions. Initial flows are balanced by
adjustment of valve limit switches and adjustable weir levels.

Main and feedwater pump condensers maintain proper vacuum.

Rev. 11



Table 14.2.12-1 (Page 16)

NUCLEAR SERVICE WATER SYSTEM FUNCTIONAL TEST
Abstract

Purgose

To verify acceptable pump performance by obtaining at least three pcints on
the head/capacity curve and verifying against acceptance criteria.

Balance system flows to individual components with manually balanced flows to
assure minimum acceptable cocling flow to each essential component in each
of the following modes of operation:

Sump recirculation after containment spray (limiting mode, essential flows)
Blackout and shutdown after 4 hours (limiting mode, non-essential flows)

SI with a small LOCA or steam line break

Refueling mode

Balance return flows to each finger of the Standby Nuclear Service Water
Pond (SNSWP) during the Unit 2 functional test.

Verify Nuclear Service Water System (RN) pump motor cooler inlet isolation
valve interlocks.

Verify strainer backwash on simulated high strainer AP and associrated alarms.

Verify proper dynamic response (including setpoints) of the RN System to ]ake
isolation and resulting low level swapover to the SNSWP - generic demonstration
to be performed for one train only (not performed on Unit 2).

The following alarms are verified during the course of the test:

RN pit Tevel alarms
RN System low flow alarms
RN essential header pressure alarms

Proper system response at the proper setpoin® is verified for a simulated low
intake pit level for the train not used fcr the actual dynamic swapove: at
low intake pit level (this verification is performed for both trains of

Unit 2).

Prerequisites

All components and essential instrumentation of the Nuclear Service Water System
are installed and operational. Portions of the compnnents served by the
Nuclear Service Water System are installed and operational.

Test Method

The Nuclear Service Water Pumps will be run singularly to a’low data to be col-
lected in order to evaluate their performence.




Table 14.2.12-1 (Page 16a)

NUCLEAR SERVICE WATER SYSTEM FUNCTIONAL TEST
Abstract

with each RN Pump in operation with its respective train of components, manual
throttling valves and control valve travel stops w 1 be set. The RN System

will be lined up for its Sump Recirculation After Containment Spray mode (Mode 5).
Then, flows will be verified and others set with the RN System lined up for the
three (2) other modes.

The RN System will be lined up with its return flow to the SNSWP. Verification
that the flow to each finger of the pond is balanced will be performed during
the Unit 2 functional test. With each RN train in normal operation, the RN
pump motor cooler inlet isclation valves will be verified to have opened.

Also, a strainer simulated high AP will be given to verify initiation of an
automatic strainer backwash.

The Lzke Wylie source of cooling water will be isolated from the RN Pump Pit.
The RN Pump in operation will pump the pit level down. A dynamic low level
swapaver to the SNSWP will be verified. For the other RN Pump, a simulated
low pit level will be given to verify proper system response.

Essential alarms and annunciators initiated during any of the above tests will
be verified.

Acceptance Criteria

Each nuclear service water pump develops less than or equal to 226 feet of
head after adjustment for instrumentation error at a minimum flow of 9000 gpm
+ 1.9%. Flows to essential components are equal to or greater than the values
listed in FSAR Table 9.2.1-2 for modes 3-2, 4, 5, and 6.

Each nuclear service water pump motor cooler inlet isolation valve interlock
allows valve to open upon pump start.

Oynamic swapover is accomplished as described in FSAR Section 9.2.1.2.
the pump and pit tested.




Table 14.2.12-1 (Page 21)

125 VDC VITAL INSTRUMENTATION AND CONTROL POWER TEST
Abstract

Purgose

To demonstrate that the 125 VDC Vital Instrumentation and Control batteries
and chargers are capable of providing power during normal operation and under
abnormal conditions.

Prerequisites

Battery area ventilation must be adequate. Sufficient DC loads are available
to allow testing of the system.

Test Method

The system is energized for normal operation and a load equal to the maximum
accident-condition steady-state dc load as measured during the Engineered
Safety Features Actuation System Functional Test is applied. The capability
of each battery charger to individually maintain a float charge on its associ-
ated battery, while concurrently maintaining the maximum bus dc loads, is
demonstrated.

The capability of each charger to supply sufficient current to recharge a com-
pletely discharged battery within 24 hours while supplying the steady-state
loads of its own load group is verified.

The capability of the system to transfer each bus from battery charger to
battery power is demonstrated by de-energizing the chargers while the appli-
cable bus is carrying its normal station loads.

A battery service tect is performed in accordance with IEEE 450-1975.

The actual load on the vital buses recorded during the performance of the
Engineered Safety Features Actuation System functional test is compared with
the design loads for the system.

The operability of vital loads is verified at reduced system voltage by the
operation of selected equipment.

Acceptance Criteria

A1l battery chargers provide float charge while concurrently maintaining maxi-
mum bus loads. The system responds properly to loss of normal unit power by
maintaining power to the normal loads from the batteries. Batteries are capa-
ble of supplying dc power upon de-energization of their chargers. The battery
capacities as determined in the battery service tests are greater than or equal
to tle capacity necessary to carry the vital loads during the critical period
of the accident analysis.

No individual cell voltages shall reach a level of +1 volt or less during a
discharge test.

Rev. 11



125 VYDC VITAL INSTRUMENTATION AND CONTROL POWER TEST
Abstract

The battery chargers provide sufficient current to recharge a fully discharged
battery within 24 hours while supplying the steady-state loads of their own
load group, as described in the test method.




fable 14.2.12-1 (Page 24)

CONTAINMENT AIR RETURN AND HYDROGEN SKIMMER SYSTEM FUNCTIONAL TEST
Abstract

Eﬁygose

To demonstrate the capability of the system to respond to an actuation signal
as designed.

Prerequisites

The Containment Air Return and Hydrogen Skimmer System, solid state protec-
tion system, and associated support systems are functional to the extent re-
quired to test the system. The ice condenser inlet doors are blocked closed
to prevent operation.

Test Method

Each containment air return fan and hydrogen skimmer fan is operated. Auto-
matic operation of the Containment air return fans is verified for a simulated
high-high containment pressure signal (Sp). Proper operation of the 0.25 psid

permissive interlock is verifieaq.

Acceptance Criteria

Containment air return fan motor current and hydrogen skimmer fan current

are within the limits of Technical Specification 4.6.5.6. Automatic opening
of the containment air return fan damper and interlocks that prevent contain-
ment air return fan from starting with low ccntainment pressure function as
required by Technical Specification 4.6.5.2.
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ANNULUS VENTILATION SYSTCM FUNCTIONAL TEST
Abstract

Puggose

To demonstrate the capability of the Annulus Ventilation System to produce and
maintain a negative pressure in the annulus following a LOCA and to minimize
the release of radioisotopes following a LOCA by recirculating a large volume
of filtered annulus air relative to the volume discharged for negative pressure
maintenance.

Prerequisites

All essential system components, including fans, filter trains, dampers, and
Class 1E power systems are operational! to the extent necessary to perform the
test.

Test Method

Each ventilation train is operated in conjunction with its respective fan,
filter train, dampers, and associated ductwork to demonstrate required capacity
per ANSI N510-1980. Essential electrical components, switchovers, and starting
controls are demonstrated to be functional. The ability to obtain and maintain
the required negative pressure inside the annulus will be demonstrated. The
acceptability of the annulus ventilation system HEPA and charcoal filters will
be demonstrated per use of test procedures as specified in Regula‘ory Guide
1.52 Rev. 2.

Acceptance Criteria

1. Each train of the annulus ventilation system, operating independentiy of
the other train, is capable of achieving a system flow of 9000 cfm + 10%
when tested per the requirements of ANSI N510-1980.

2. HEPA filter banks demonstrated an efficiency of greater than or equal to
99.0% when they are tested in-place in accordance with ANSI N510-1980
while operating the system at a flow rate of 3000 cfm ¢+ 10%.

3.  Laboratory analysis of a representative carbon sample obtained in accordance
with Regulatory Position C.6.b of Regulatory Guide 1.52, Rev. 2 meets the
laboratory testing criteria of Regulatory Position C.6.a of Regulatory
Guide 1.52, Rev. 2.

4. Charcoal absorbers remove greater than or equal to 99.0% of a halogenated
hydrocarbon refrigerant test gas when they are tested in accordance with
ANSI N510-1980 while operating at 9000 cfm ¢ 10%.

5. The annulus ventilation system demonstrates the ability to achieve a
negative pressure of greater than or equal to 0.5 in W.G. within the time
period assumed by the station safety analysis. (This criteria may be
verified during the Integrated ESF Test).

Rev. 11
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ELECTRIC HYDROGEN RECOMBINER FUNCTIONAL TEST
Abstract

Purgose

To demonstrate the capability of each electric hydrogen recombiner to achieve
recombination temperatures at an air flow equal to or greater than the minimum
air flow assumed in Chapter 6 of the FSAR. The test also demonstrates the
proper functioning of controls, instrumentation, and indications necessary for
post-accident operation.

Prerequisites

The hydrogen recombiners and associated controls are functional to the extent
required to test the system.

Test Method

The electric hydrogen recombiners will be energized. Minimum acceptabie heater
sheath heatup rate required in order to satisfy Technical Specifications sur-
veillance requirements will be verified. The capability of the heaters to
maintain a temperature in excess of the recombination temperature as measured
on the heater sheath will be verified. Air flow to each recombiner will then
be measured. Following completion of the heatup test, heater resistance to
ground will be verified. The results of the heatup test will be used to
establish a reference power sett.ng for use in station operating procedures.

Acceptance Criteria

A flow rate greater than or equal to the value assumed in the FSAR analysis

is verified. Heater sheath heatup rate satisfies the surveillance requirement
of Technical Specifications. The ability to achieve and maintain heater sheath
temperatures above the hydrogen recombination temperature is verified. All
controls and indications which performs a safety-related function are verified
to operate as specified in Duke Power Company Design Engineering Department
system descriptions, and nost-heatup continuity and resistance to ground checks
are satisfactory.
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SAFETY INJECTION SYSTEM FUNCTIONAL TEST
Abstract

Purgose

To demonstrate the capability of the system to provide design flows during
each of the injection phases using centrifugal charging pumps, safety in-
jection pumps, accumulators and residual heat removal pumps. To demonstrate .
proper operation of all pumps and valve motors when supplied from normal
offsite power or emergency power sources. To demonstrate the capability to
obtain the necessary balanced flows to the Reactor Coolant System loops with
the safety injection pumps running in hot leg or cold leg recirculation.

Prerequisites

For the ambient temperature portion of the test, the system is cold and the
vessel head is removed. The hot temperature portion of the test is conducted
during the hot functional test program. The refueling water storage tank
contains sufficient water to perform the required testing, and the refueling
canal is available to accept excess water drained from the Reactor Coolant
System. Normal and emergency power sources are available to all safety in-
jection equipment.

Test Method

Each pump is tested separately with water drawn from the refueling water
storage tank. The overflow from the reactor vessel passes into the refueling
canal. Pump head and flow are determined during this period. Pumps are then
operated to determine a second point on the head/flow characteristic curve.
The safety injection pumps are each run in both hot leg and cold leg recir-
culation modes. Flows to each branch are balanced, with each branch flow
within the required range.

Each accumulator is filled and partially pressurized with the motor operated
discharge valve closed. The valve is opened and the accumulators allowed to
discharge into the reactor vessel. Additionally, the capability to operate

the valve under maximum differential pressure conditions of maximum expected
accumulator precharge pressure and zero RCS pressure is verified.

The Safety Injection System is aligned for normal power operation, with the
exception that the accumulators are not pressurized. A safety injection signal
("S" signal) is manually initiated, allowing all affected equipment to actuate.
Proper system alignment, flow capability and acceptable net positive suction
head performance under maximum system flow conditions are demonstrated. The
Safety Injection System is operated in its various modes of operation, using
the Refueling Water Storage Tank as the source of water. Proper system and
component response times are demonstrated in the Engineered Safety Features
Actuation System Functional Test
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UPPER HEAD INJECTION FUNCTIONAL
Astract

Purgose

To demonstrate that the upper head injection portion of the Safety Injection
System is capable of performing as required.

Prerequisites

The Reactor Coolant System is cold and the reactor vessel head installed with
the upper internals removed. The Reactor Coolant System water inventory is
sufficiently low and the reactor coolant piping vented to minimize pressure
buildup in the Reactor Coolant System during injection.

Test Method

Blowdown tests are performed by filling and pressurizing the upper head injection
water and nitrogen accumulators with the isolation valves closed. The isolation
valves are subsequently opened and the accumulator is allowed to discharge

into the reactor vessel.

Two blowdown tests are performed - one with low accumulator pressure (about
100 psi) and one with gas pressure in the normal operating range. The low
pressure test provides piping resistance information utilized in determining
the level set points for isolation valves closure. The high pressure test
provides verification of isolation valve operation under maximum differential
pressure and verification that the required volume of water is injected into
the Reactor Coolant System prior to isolation valve closure. During these
tests, the proper operation of alarms, indications and controls will be
verified.

The Tow pressure b.owdown test is performed on both units. The high pressure
test is performed only on the Unit 1 UHI System.

During Reactor Coolant System cooldown from hot conditions during Hot Functional
Testing, check valves operability is demonstrated by injection of small flow
of water upstream of the valve

Acceptance Criteria

The volume of water delivered to the reactor vessel is equal to or greater
than the value assumed in the analysis in FSAR Section 15.6.5. Check valves
are demonstrated operable at elevated temperatures.

Hydraulic isolation valve closure time is within the range assumed in the
Chapter 15 analysis

Alarms, indications and controls function as specified by Westinghouse and
in the Duke Power Company Design Engineering Department system description
document
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CONTAINMENT SPRAY SYSTEM FUNCTIONAL TEST
Abstract

Purpose

To demonstrate the capability of the system to respond to an actuation signal
and to provide the required flows. Also, Containment Pressure Control Cabinet
annunciator is verified on loss of control power.

Prerequisites

The refueling water storage tank is available and contains sufficient water
for demonstration tests. The system is aligned to isolate the spray nozzles,
obtain suction from the refueling water storage tank and recirculate water
back to the refueling water storage tank.

Test Method

With the spray nozzles bypassed, tle system is operated with suction from the
refueling water storage tank to demonstrate design flow rates to the spray
headers and to verify the pump head curve. Proper operation of the controls
and interiocks associated with valves relied on to effect a transfer to the
recirculation mode is demonstrated. Interlocks associated with the 0.25 psid
permissive are verified to function as designed.

Proper spray nozzle performance and orientation is visually verified by blowing
air through the spray ring headers and nozzles and observing the flow fiom the
nozzles.

An unobstructed flow path is verified by the overlapping of the water flow
test and the air test at the headers. Power is isolated to both trains of the
Containment Pressure Control Cabinets to verify Control Room annunciators.

Acceptance Criteria

Flow nozzles are unrestricted.

Pump head vs. flow performance meets or exceeds the manufacturer's performance
curve, within the error of the measurement. Pump performance in recirculation
mode meets or exceeds the requirements of Technizal Specification 4.6.2.b.

Interlocks which operate or prohibit operation of valves or components based
upon the position of valves or containment pressure are verified to operate
as designed.

System response to high-high containment pressure logic is verified during the
ESF Functional Test.

Control Room annunciators actuate when control power is isolated to the Contain-
ment Pressure Control Cabinets.

Rev. 11
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SPENT FUEL COOLING SYSTEM
Abstract

Purgose

To demonstrate the capability of the system to provide the proper flow paths
and flow rates required to remove decay heat from the Spent Fuel Pool. The
purification capability of the system is verified by demonstrating the proper
purification flow paths and flow rates.

Prerequisites

The component cooling water system is operational to the extent required to
operate the Spent Fuel Cooling System.

Test Method

The spent fuel cooling pipe anti-suction holes are visually verified to be
free of obstructions. Flow Paths and Flow Rates are verified for each of
two cooling paths from the fuel pool through the pumps, heat exchangers,

and returning to the Spent Fuel Pool. Proper operation of the Spent Fuel
Pool purification and skimmer loops is also demonstrated by verifying proper
flow paths. Operation of the spent fuel pool lTow level alarm at the proper
setpoint is verified.

Acceptance Criteria

The specified flow paths are verified.

Spent fuel cooling pump performance meets or exceeds design values listed in
FSAR Sectin 9.1.3. Spent fuel pool low level alarm actuates at a level equal
to or higher than the value assumed in FSAR Section 15.7.4.

The anti-siphon holes are free of obstructions.
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FUEL HANCLING AREA VENTILATION SYSTEM FUNCTIONAL TEST
Abstract

Purpose

. To demonstrate the ability of the system to maintain the fuel handling and
storage building at slightly less than atmospheric pressure, to control airborne
acitvity, and to maintain a suitable temperature in the area.

Prerequisites

The system is operable to the extent required to conduct this test. The unit
vent is capable of receiving air flow from the system.

Test Method

The system is operated in the normal filter train bypass mode. The ability of
the system to automatically direct air flow through the filter trains upon a
high radiation Tevel in the exhaust duct system is demonstrated. The pressure
in the fuel handling area is measured. The ability of the system to provide
cooling and heating of the area is demonstrated by changing the tempecature
error signal.

Acceptance Criteria

1. Each train operating independently of the other train, is capable of
| achieving a flow rate of 33,130 cfm ¢ 10% when tested per the require-
ments of ANSI N510-1980.

2. Satisfactory performance of all components, controls, alarms, and interlocks
required in order for the system to fulfill its required function, as
described in FSAR Section 9.4.2, is demonstrated.

3. HEPA filter banks demonstrated an efficiency of greater than or equal to
99.0% when they are tested in-place in accordance with ANSI N510-1980
l while operating each train at a flow rate of 33,130 cfm ¢t 10%.

4, Laboratory analysis of a representative carbon sample obtained in accordance
with Regulatory Position C.6.b of Regulatory Guide 1.52, Rev. 2 meets the
laboratory testing criteria of Regulatory Position C.6.a of Regulatory
Guide 1.52, Rev. 2.

5. Charcoal absorbers remove greater than or equal to 99.0% of a halogenated
hydrocarbon refrigerant test gas when they are tested in accordance with
l ANSI N510-1980 while operating each train at a flow rate »f 33,130 cfm ¢ 10%.

6. The Fuel Handling Area Ventilation System demonstrates the ability to
achieve a negative pressure of greater than or equal to 0.25 in W.G.
within the Spent Fuel Storage Pool area relative to the outside atmosphere.

7. The Fuel Handling Area Ventilation System responns to changes in the
temperature error signal by providing heating or cooling as appropriate,
to maintain the set temperature in the fuel handling area.

Rev. 11
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NUCLEAR SERVICE WATER STRUCTURE VENTILATION SYSTEM FUNCTIONAL TEST
Abstract

Purpose

To verify that the Nuclear Service Water Structure Ventilation System can
maintain the space temperature between 55°F and 104°F at design conditions.

Prerequisites

The structure and system must be complete to the extent necessary to perform
the test. For the summer heat load test, the Nuclear Service Water pumps must
he operable

:9ﬁt Method

The ventilation system will be operated at times when the external conditions
are expected to approach the two (2) external design day conditions, 10°F and
95°F Data will be recorded to verify that the internal environment is main-
tained within it's acceptable range. If the external design day conditions
are not reached, the internal versus external temperature data taken during
the test will be used to extrapolate to find the internal temperature which
would have been reached at the design external conditions.

Design Hot Day testing will not be done to Unit Two "A" and "B" Train, and design
Cold Day testing will not be done to Unit One "A" Train and Unit Two "A" and

‘8" Train. Instead, fan and unit heater performance data will be taken and
compared with acceptable performance on either train of Unit One for Hot Day
capabilities and with Unit One "B" Train for Cold Day capabilities.

Acceptance Criteria

The nuclear service water pump structure internal temperature remains between
55°F and 104°F at both the external design day conditions of 10°F and 95°F

For those trains in which design day testing is not being done, fan and heater
performance data is > ~10% of the tested train.
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EMERGENCY AC POWER SYSTEMS PREOPERATIONAL TEST
Abstract
Purpose

To demonstrate the proper operation of the essential 4160 volt, 600 volt and
125 volt A.C. power systems. To demonstrate proper operation of feeder
breakers, interlocks, and alarms. To verify proper voltages at load centers
during operation.

Breregu1site5

The systems to be tested are completed with no outstanding deficiencies or
discrepancies which could affect the test

Test Method

For each system, the feeder breakers are operated manually, associated inter-
locks and alarms are verified to operate when appropriate conditions are
simulated or reached during the test, voltages at load centers are measured to
assure proper operation within the design range.

Acceptance Criteria

Feeder breakers, interlocks and alarms which perform a safety-related function
operate in accordance with Duke Power Company Design Engineering Department
System Descriptions for the appropriate systems. Voltages measured at load
centers or panels are within the limits specified by Duke Power Company Design
Engineering Department for the appropriate system.
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HEAT TRACING SYSTEMS TEST
Abstract

Purpose

To demonstrate the ability of the heat tracing system to maintain proper
temperature control in the various piping systems (liquid and solid wastes,
chemical volume control and boron recycle).

Prerequisties

Heat tracing system installation and component checks completed. Associated
systems completed to the extent necessary to allow conduct of this test.

Test Method
Energize heat tracing system.

Monitor temperatures maintained by each heat tracing circuit with the system
in a static condition.

Place associated system pump in operation and establish flow path.
Monitor temperatures maintained by each heat tracing circuit.

Acceptance Criteria

Primary circuit maintains temperature 175 t 8°F for 12% boric acid or 85 ¢
5°F for 4% boric acid 1ines,

Backup circuit maintains temperature 160 t 8°F for 12% boric acid lining or 70
t 5°F for 4% boric acid lines.

Rev. 11
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CONTAINMENT VENTILATION AND PURGE FUNCTIONAL TEST
Abstract

Purpose

To demonstrate the capability of the Containment Ventilation System to provide
containment air recirculation, control rod drive mechanism cooling and
containment purging.

Prerequisites

A coolin? water supply is available for the fan-cooling units of the system.
For testing portions of the system as applicable, the control rod drive mech-
anisms are capable of being energized, and plant conditions are established as
required.

Test Method

Actual expected building heat loads are simulated during Reactor Coolant
System Hot Functiona® Testing and data is taken to demonstrate the capability
of the Containment Ventilation System to provide for containment recircula-
tion and heat removal, by testing operation of the axial fans, centrifugal
water chillers and the cooling coils, and by ensuring adequate flow is de-
livered to components and areas inside Containment as required.

Data will also be taken to verify that the control rod drive mechanisms
shroud ventilation units are capable of maintaining temperatures within the
shroud within design limits.

The capability of the containment purge exhaust filtration units to provide
filtration is verified by testing of the filtration units.

Proper operation of the containment purge supply and purge exhaust equipment
is demonstrated in normal and refueling modes.

Proper operation of Containment Ventilation and Purge System instrumentation,
interlocks, and alarms which perform a safety-related function is verified.

Acceptance Criteria

1. The Containment Ventiiation System components function in accordance
with Duke Power Company Design Engineerin? Department System Descrip-
tions. Adequate ventilation flow is provided to containment areas to
maintain or limit temperatures to design valves. System interlocks,
instrumentation and alarms operate as described in Duke Power Company
Design Engineering Department System Descriptions.

2. The filter unit must be structurally sound after filter installation
per applicable sections of ANSI N510-1980, Section 5, Table 2.

Rev. 11
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CONTAINMENT VENTILATION AND PURGE FUNCTIONAL TEST
Abstract

HEPA filter banks demonstrated an efficiency of greater than or equal
to 99.0% when they are tested in-place in accordance with ANSI N510-
1980 while operating the system at 12,500 cfm £ 10% per train

Charcoal absorbers remove greater than or equal to 99.0% of a halo-
genated hydrocarbon refrigerant test gas when they are tested in accor-
dance with ANSI N510-1980 while operating at 12,500 cfm = 10% per train.
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SEAL WATER INJECTION SYSTEM FUNCTIONAL TEST
Abstract

Purﬁose

To verify proper operation of the isolation valve seal water in jection system,
including interlocks and alarms. To measure the overall leakoff of the system

Prerequisites

The system is complete with no identified discrepancies which could affect
the test Valves supplied by the system are installed and operable

Test Method

The system alarms and interlocks which perform a safety related function are
tested by operation of components or simulation of sensor signals. Overall
system leakoff is Jetermined by measuring the CIV Leakages in valve subsets

and then totaling the subsets to obtain an overall average

Acceptance Criteria

Alarms and interlocks function as specified by Duke Power Company Design
Engineering Department. Total train leakoff does not exceed the following
makeup capacity

For train A, 1.3818 gpm with tank pressure 2 45.71 psigq.

For train B, § 1.3616 gpm with tank pressure 2 45.71 psig.
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INSTRUMENT AIR SYSTEM FUNCTIONAL TEST
Abstract

Purpose

To demonstrate that the system can supply instrument quality air at the
design capacity The test will also verify the correct compressor start,
loading/unloading and Station Air System backup pressure setpoints. The
Containment Leak Rate Test dessiccant air aryer discharge dewpoint tempera-
ture will be determined.

Prerequisites

The Instrument Air System is in normal operation.
fest Method

The start and loading/unloading pressure setpoints are verified with one
compressor in "BASE," one in "STANDBY 1," and the third in "STANDBY 2."

The system air pressure is lowered while pressures are recorded correspond-
ing to compressor starts and loading. The system air pressure is then al-
lowed to increase while pressures are recorded corresponding to the com-
pressor's unloading. Setpoints are verified using this same procedure with
compressors in each control combination.

Each compressor's flow capacity is determined by directing all the flow
from the compressor through a calibrated flow orifice. The refrigerant
air dryers and the CLRT air dryers discharge dewpoint temperature is de-
termined with design air flow rate through the air dryers.

The Station Air System crossover valve is demonstrated to automatically
open when Instrument Air System pressure is lowered to the design setpoint.

The Instrument Air System product air is verified to be of sufficient quality
by testing of air samples taken off locations near the end of main supply
headers, for a total of five samples. Samples are taken downstream of filter
regulators supplying individual instrument groups. The samples are examined
for particulate matter size and oil concentration.

Acceptance Criteria

The compressors start and load/unload in accordance with Duke Power Company
Design Engineering Department at the correct pressures. Refrigerant and CLRT
air dryers meet their maximum allowable discharge dewpoints with design flow
rate Station Air System crossover valve opens at the design setpoint t 10%.
The product air meets instrument air quality requirements as stated in the test
procedure The compressor performance mects or exceeds the acceptance flow
rate specified by Duke Power Company Design Engineering Department
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WASTE GAS SYSTEM FUNCTIONAL TEST
Abstract

Purpose

To demonstrate the operability of the Gaseous Waste Processing System in-
cluding its capability to remove and process gases from specified sources
including the volume control tank, boron recycle evaporator, reactor coolapt
drain tank, and waste evaporator.

Prerequisites

The system is complete, with no discrepancies which would affect the test.
A1l necessary supporting equipment is operational.

Test Method

The system will be operated to verify the flow paths from the sou~ces through
the system. Alarms and interlocks which perform a safety-related function
will be verified to operate properly. The ability of the hydrogen recombiner
to combine hydrogen and oxygen will be verified by operation of the recombiner.

Acceptance Criteria

Flow paths are verified to be unblocked. Alarms and interlocks function as
specified by Duke Power Company Design Engineering Department.

The hydrogen recombiner successfully combines hydrogen and oxygen when op-
erated within normal Timits.

Rev. 11
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AUXILIARY BUILDING FILTERED EXHAUST AND SHUTDOWN VENTILATION TEST
Abstract

Purpose

To verify proper operition of alarms, interlocks and controls. To verify the
capability of the filtration units to fulfill their design function.

Prerequisites

The system is complete with no outstanding discrepancies which would affect
the test. Supporting systems are complete to the extent necessary to operate
the system.

Test Method

The system will be operated in both normal and LOCA (Ss) modes. Flow rates
will be verified during operation. Switchover on receipt of a simulated

LOCA (Ss) signal will be verified. Proper operation of alarms and interlocks
will be verified by simulation of the appropriate conditions or injection of
simulated sensor signals. Filtration units will be tested to verify their
capabilities in accordance with ANSI N510-1980.

Acceptance Criteria

System alarms and interlocks function as specified by Duke Power Company De-

sign Engineering Department. Filtered exhaust flow rate is 30,000 cfm ¢ 10%.
System realigns to draw suction only from safety-related equipment rooms upon
receipt of LOCA (5s) signal and flow is 30,000 cfm £ 10%.

HEPA filter banks demonstrated an efficiency of greater than or equal to
99.0% when they are tested in-place in accordance with ANSI N510-1980 while
operating the system at a flow rate of 30,000 cfm ¢ 10% for Unit 1.

Charcoal absorbers remove greater than or equal to 99.0% of a halogenated
hydrocarbon refrigerant test gas when they are tested in accordance with ANSI
N510-1980 while operating at a flow rate of 30,000 c¢fm ¢t 10% for Unit 1.

For the interim flow balance for this system, the Unit 2 filtered exhaust fans

will exhaust 30,000 cfm + 0% - 35%. Once the interim barrier is removed, the
system balance will be changed. Exhaust flows will be 30,000 cfm ¢t 10%.

Rev. 11
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REFUELING WATER SYSTEM FUNCTIONAL TEST
Abstract

Purpose

To demonstrate the operability of the refueling water storage tank heaters,
in both automatic and manual modes. To demonstrate the operability of level,
temperature and flow alarms.

Prerequisites

The refueling water storage tank, heaters and electrical circuits are com-
plete with no outstanding exceptions which would affect the test.

Test Method

The operation of both sets of refueling water storage tank heaters is ver-
ified by energizing the heaters in each mode of operation. Current flow is
verified to both sets of heat rs. Control of the heaters in the automatic mode
is verified by input o a test signali. The operation of the heaters is veri-
fied as this test signal is varied. Level, temperature and flow alarms are
verified to operate in accordance with designs.

Acceptance Criteria

The heater banks are verified to energize and deenergize at the proper set-
points in each mode of _peration as specified by Duke Power Company Design
Engineering Department. The low recirculation flow, low recirculation line
temperature, low refueling water storage tank temperature, low level, low-low
level and puncture alarms all actuate as specified by Duke Power Company Design
Engineering Department.

Rev. 11
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AUXILIARY SHUTDOWN PANEL TEST
Abstract

Purpose

To verify automatic valve realignment following transfer of control to
auxiliary shutdown panel A (B). To demonstrate operability of auxiliary
shutdown panel A (B) controls and isolation ¢f control room following
transfer of control to LOCAL. To demonstrate operability of control room
controls and isolation of auxiliary shutdown panel A (B) following control
transfer back to the control room.

To demonstrate that the unit can be operated from the auxiliary shutdown

panels prior to loading fuel. Ouring the Reactor Coolant System Hot

Functional Test (HFT), from a hot standby condition, the ability to establish

a heat transfer path to the ultimate heat sink using the Residual Heat Removal
System and lowering the Reactor Coolant System temperature by 50°F is demon-
strated. Instrumentation on the auxiliary shutdown panels is verified operable
during this test.

Prerequisites

A1l systems interlocked or that can be controlled from auxiliary shutdown
panel A (B) are available as required for this test.

For the demonstration portion during HFT, Hot Functional Testing is in pro-
gress with primary system at approximately 400°F.

Test Method

Prior to HFT, control is transferred to auxiliary shutdown panel A (B) and
these controls are verified to be operable. A1l automatic interlocks are
verified. Controls are verified by cycling valves and running Boric Acid
Transfer Pump 1A (B). The remainder of the pumps and Pressurizer Heater

Bank 1A (B) control circuits are verified operable with associated breakers
in the "TEST" position. At the same time, main control room controls are
verified to be isolated. Upon transfer back to the main control room, con-
trol is verified to be regained and auxiliary shutdown panel A (B) control

is isolated. This is accomplished in the same manner as the previous section.

During HFT, with the primary system at approximately 400°F, control is trans-
ferred to the auxiliary shutdown panels. Also, Reactor Coolant temperature
and pressure is lowered sufficiently to permit operation of the Residual Heat
Removal System from the auxiliary shutdown panels. While using the Residual
Heat Removal System the Reactor Coolant temperature is reduced at least 50°F.

Rev. 11
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UNIT LOAD TRANSIENT TEST
Abstract

Purpose
To demonstrate satisfactory unit response to a 10 percent load change.

Prerequisites

The various control systems have been tested and are in automatic. All pres-
surizer and main steam relief and safety valves are operable. The control rods
are in the maneuvering band for the power level existing at the commencement

of the test. Unit conditions are stabilized and all pertinent parameters to

be measured are connected to high speed recorders.

Test Method

Turbine output is manually reduced at a rate sufficient to simulate a step
load change equivalent to approximately a 10 percent load decrease. After
stabilization of systems, output is manually increased at a rate sufficient to
simulate a step load change equivalent to approximately a 10 percent load
increase. Pertinent parameters affected by a load change are measured and
recorded. At various power levels, as required by the test procedure, the
test 15 repeated.

Acceptance Criteria

Neither the turbine nor the reactor trips, and no initiation of safety injection
is experienced. No pressurizer, main steam relief or safety valves 1ift.

No operator action is required to restore conditions tc steady state. Parameters
affected by the load change do not incur sustained or divergent oscillations.

Rev 11
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FEEDWATER TEMPERATURE VARIATION TEST
Abstract

Purpose

To demonstrate the ability of the unit to sustain a reduction in feedwater
temperature from opening a feedwater heater train bypass valve. To evaluate
interaction between control systems and to evaluate system responses to the
transient to determine if any control system changes are required to improve
transient response. This test is not required to be completed to escalate to
the next testing plateau.

Prerequisites

The unit is at stea
and main steam safe
automatic mode:

dy state conditions at the specified power level. Pressur
ty valves are operable. The following systems are in the

Reactor Rod Control
Pressurizer Pressure Control
Pressurizer Level Control
Steam Dump Control

Feedwater Pump Speed Control
Steam Generator Level Control

OB W
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Pertinent plant parameters (such as feedwater temperature, feedwater and steam
flows, flux, steam generator and pressurizer levels, feedwater pump speeds)
are connected to recording devices.

fest Method
The A-B heater train bypass valve is opened. Pertinent plant parameters are
recorded and the data evaluated to determine control system responses to the

transient

Acceptance Criteria

Turbine generator and reactor do not trip due to Reactor Coolant System
1

transients Safety injection is not initiated. Main steam and pressurizer
safety valves do not 1ift No sustained or divergent oscillations occur in t
parameters affected by the feedwater temperature variation

e
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Table 14.2.12-2 (Page 32)

LOSS OF CONTROL ROOM TEST
Apstract

Purgose

To demonstrate that the unit can be brought to ot standby conditions from
a moderate power level using Auxiiiary Shutdow) Panei conirols and only the
minimum shift crew required for operation. To demonstrate that hot standby
conditions can be maintained from outside the control room. This test is
not required to be completed to escalate to the next testing plateau.

Prerequisites

Power escalation testing is in progress with the reactor 2t a moderate ouwer
level (10-25%) sufficientiy high that plant systems are in normal configura-
tion with the turbine - generator i operatiosn. A'! personnel in the control
room area not actively participating in the test :s wel| as those performing
the test are identified and their authority and re:iponsibility documented in
the test procedure.

Test Method

The control room is evacuated of no/mal operating personnel follewing the
Normal Loss of Control Room operating procedire. Additional operators, not
actively participating in the test, remain in the control room to monitor
unit behavior. The reactor is tripped and the unit is brought to hot standby
conditions using local controls and indications ind maintained at this condi-
tion for at least 30 minutes. The Reactor Cool:nt System temperature will
then be reduced by at least 50°F. Control is then transferred back to the
control room and power escalc¢tion testing continued.

Acceptance Criteria

The unit is satisfactorily brought to hot standby conditions from a moderzte
power level and maintained at this conaition Yor at least 30 minutes from
outside the control room. The Reactor Co¢ ant 5ystem temperature car De
reduced by at least 50°F from outsice the control room Unly the minimum

number of personnel required to be assigned to the unit at any one time take an

active part in this demonstration.
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PRESSURIZER FUNCTICNAL TEST
Abstract

Purpose

To establish the continuous spray flow rate, determine the effectiveness of the
pressurizer normal control spray and of the pressurizer heaters, and verify the
response time of the pressurizer power operated relief valves.

Prerequisites

The Reactor Coolant System is at hot standby temperature and pressure. The
Reactor Coolant System is 1ined up for normal operation in accordance with

applicable operating procedures. All reactor coolant pumps are operating.

Each bank of pressurizer heaters is operable.

Test Method

While maintaining pressurizer level constant, spray bypass valves are adjusted
until a minimum flow is achieved which maintains less than a 125°F temperature
difference between the spray line and the pressurizer steam space.

To determine pressurizer heater and spray capability, the main pressurizer
spray valves are closed. All pressurizer heaters are then energized and the
time to reach a 2300 psig system pressure is measured and recorded. Ful)
spray is initiated through each spray valve individually and in parallel.
Pressure versus time is recorded for each transient. The transient is termin-
ated at a Reactor Coolant System pressure of 2000 psig by shutting the spray
valves.

With the Unit at normal operating no load temperature and pressure, each PORV
shai] be cycled for repsonse time testing. The 2185 psig interlock closes
the valve and original conditions are re-established.

This test is performed following initial fuel loading due to the need to estab-
Tish the effectiveness of actual spray flow with core pressure drop acting as
the driving head. This test is a prerequisite test for initial criticality.

Acceptance Criteria

For setting of continuous spray flow, the flow through each bypass valve is
established such that the temperature difference between the spray line and
the pressurizer steam space is less than 125°F,

For pressurizer PORV response times, each PORV reponse time is <2 seconds.

For spray and heater response tests, the response to induced transients is
within limits specified in vendor guidelines.
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SUPPORT SYSTEMS VERIFICATION TEST
Abstract

Purpose

To verify that temperatures within rcoms containing engineered safety fea-
tures pumps and motors are maintained within design limits during power oper-
ation by normal operation of the cooling systems serving those areas.

Prerequisites

Unit in power operation at the power level specified in the procedure.

Test Method

Temperature readings will be taken within the roams in the auxiliary build-
ing which contain engineered safety features pumps. These readings wil) He
compared with the design limits for these rooms.

Acceptance Criteria

Temperature readings do not exceed the design limits specified by Duke Power
Company Design Engineering Department.
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TABLE 15.0.12-1 (Page 1)
OFFSITE DOSES (Rem)

FSAR Exclusion Area Boundary Low Population Zone
Accident Section wWhole Body Thyroid Whole Body Thyroid
Main Steam Line Break 15.1.5
Case 1 (No iodine spike) 8.6E-2 7:6 4.4E-3 2.6E-1
Case 2 (Pre-spike) 7.4E-3 2.8 5.3E-4 9.6E-2
Case 3 (Coincident spike) 7.4E-3 2.4 5.3E-4 9.5¢-2
Loss of Power 15.2.6
Case 1 (No iodine spike) 4.5E-3 7.0E-2 5.9e-4 6.5E-3
Case 2 (Pre-spike) 4 .5E-3 7.3%~2 5.9E-4 7.6E-3
Case 3 (Coincident spike) 4.5E-3 1.28-2 5.9E-4 8.2E-3
Rod Ejection Accident 15.4.8
| Primary Side Release 5.1E-2 4.8 1. 382 2.2
Secondary Side Release 3.3E-2 3.2 333 3.8E-2
Instrument Line Break 15.6.2
Case 1 (No iodine spike) 1.68-1 3.2E-1 5.3 1.0€E-2
Case 2 (Pre-spike) 1.8€-1 1.9€+1 6.0E-3 6.3~1
Case 3 (Coincident spike) 1.8E-1 5.2 6.0E-3 1.7¢-1
Steam Generator Tube Rupture 15.6.3
Case 1 (No iodine spike) 6.4E-1 1.5 2.1E-2 8.8E-2
Case 2 (Pre-spike) 7.1E~1 4 4E+1 2.4E-2 1.9
Case 3 (Coincident spike) 7.0E-1 1.26+1 2.3k~2 4.6E-1
Design Basis Accident 15.6.5
l Case 1 (With ECCS leakage) 3.0 1.2E+2 7.6E-1 5.1E+1
Case 2 (Without ECCS leakage) 3.0 1.0E+2 7.6E-1 4.6E+1
W: ste Gas Decay Tank 15.7.1

Rupture
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Redundant isolation of the main feedwater lines

Sustained high feedwater flow would cause additional cooldewn. Therefore,
in addition to the normal control action which will close the main feed-
water valves following reactor trip, a feedwater isolation signal will
rapidly close all feedwater control valves and back up feedwater isola-
tion valves, trip the main feedwater pumps, and close the feedwater pump
discharge valves.

Trip of the fast-acting steam 1ine stop valves (designed to close in less
than 5 seconds) on:

a. Two-out-of-three low steamline pressure signals in any one loop.
b.  Two-out-of-four high-high containment pressure signals.

c.  Two-out-of-three high negative steamline pressure rate signals in
any one loop (used only during cooldown and heatup operations).

Plant systems and equipment which are available to mitigate the effects of the
accident are also discussed in Section 15.0.8 and listed in Table 15.0.8-1.

15.1.4.2 Analysis of Effects and Consequences

Method of Analysis

The following analyses of a secondary system steam reiease are performed for
this section.

&

A full plant digital computer simulation using the LOFTRAN Code (Reference
1) to determine RCS temperature and pressure during cooldown, and the effect
of safety injection.

Analyses to determine that there is no damage to the core or reactor
coolant system.

The following conditions are assumed to exist at the time of a secondary steam
system release:

1.

End-of-1ife shutdown margin at no-load, equilibrium xenon conditions, and
with the most reactive rod cluster control assembly stuck in its fully
withdrawn position. Operation of rod cluster control assembly banks during
core burnup is restricted in such a way that addition of positive reacti-
vity in a secondary system steam release accident will not lead to a more
adverse condition than the case analyzed.

A negative moderator coefficient corresponding to the end-of-1ife rodded
core with the most reactive rod cluster control assembly in the fully
withdrawn position. The variation of the coefficient with temperature
and pressure is included. The Keff versus temperature at 1000 psi

corresponding to the negative moderator temperature coefficient used is
shown in Figure 15.1.4-1.
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A major steam line rupture is classified as an ANS Condition IV event. See
Section 15.0.1 for a discussion of Condition IV events.

Effects of minor secondary system pipe breaks are bounded by the analysis pre-
sented in this section. Minor secondary system pipe breaks are classified as
Condition III events, as described in Section 15.0.1.3.

The major rupture of a steam line is the most Timiting cooldown transient and

is analyzed at zero power with no decay heat. Decay heat would retard the cool-
down thereby reducing the return to power. A detailed analysis of this transient
with the most limiting break size, a double ended rupture, is presented here.

The following functions provide the protection for a steam line rupture:
1. Safety Injection System actuation from any of the following:
a. Two-out-of-three low steamline pressure signals in any one loop.
b. Two-out-of-four low pressurizer pressure signals.
c.  Two-out-of-four high Containment pressure signals.

e, The overpower reactor trips (neutron flux and AT) and the reactor trip
occurring in conjunction with receipt of the safety injection signal.

3. Redundant isolation of the main feesdwater lines.

Sustained high feedwater flow would cause additional cooldown. Therefore,
in addition to the normal control action which will close the main feed-
water valves a feedwater isolation signal will rapidly close all feed-
water control valves and back up feedwater isolation valves,K trip the
main feedwater pumps, and close the feedwater pump discharge valves.

4. Trip of the fast acting steam line stop valves (designed to close in iess
than 5 seconds) on:

a. Two-out-of-three low steam line pressure signals in any one loop.
b. Two-out-of-three high-high containment pressure signals.

£, Two-out-of-three high negative steam line pressure rate signals in
any one loop (used only during cooldown and heatup operations.

Fast-acting isolation valves are provided in each steam line; these valves will
fully close within 10 seconds of a large break in the steam line. For breaks
downsteam of the isolation valves, closure of all valves would completely ter-
minate the blowdown. For any break, in any location, no more than one steam
generator would experience an uncontrolled blowdown even if one of the isolation
valves fails to close. A description of steam line isolation is included in
Chapter 10.

15.1-12 Rev. 11
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Since the steam generators are provided with integral fiow restrictors
with a 1.4 square foot throat area, any rupture with a break area greater
than 1.4 square feet, regardless of location, would have the same effect
on the NSSS as the 1.4 square foot break. The following cases have been
considered in determining the core pcwer and RCS transients:

a. Complete severance of a pipe, with the plant initially at no-load
conditions, full reactor coolant flow with offsite power available.

b. Case (a) with loss of offsite power simultaneous with the steam line
break and initiation of the safety injection signal. Loss of offsite
power results in reactor coolant pump coastdown.

Power peaking factors corresponding to one stuck RCCA and non-uniform core
inlet coolant temperatures are determined at end of core life. The cold-
est core inlet temperatures are assumed to occur in the sector with the
stuck rod. The power peaking factors account for the effect of the local
void in the.region of the stuck cuntrol assembly during the return to power
phase following the steam line break. This void in conjunction with the
large negative moderator coefficient partially offsets the effect of the
stuck assembly. The power peaking factors depend upon the core power, tem-
perature, pressure, and flow, and, thus, are different for each case studied.

The core parameters used for each of the two cases correspond to values
determined from the respective transient analysis.

Both cases above assume initial hot standby conditions at time zero since
this represents the most pessimistic initial condition. Should the reactor
be just critical or operating at power at the time of a steam line break,
the reactor will be tripped by the normal overpower protection system when
power level reaches a trip point. Following a trip at power, the RCS con-
tains more stored energy than at no-load, the average coolant temperature

is higher than at no-load and there is appreciable energy stored in the fuel.
Thus, the additional stored energy is removed via the cooldown caused by the
steam line break before the no-load conditions of RCS temperature and shut-
down margin assumed in the analyses are reached. After the additional stored
energy has been removed, the cooldown and reactivity insertions proceed in
the same manner as in the analysis which assumes no-load condition at time
zero.

In computing the steam flow during a steam line break, the Moody Curve
(Reference 2) for f(L/D) = 0 is used.

The Upper Head Injection (UHI) is simulated. The actuation pressure for
the UHI is near the saturation pressure for the inactive coolant in the
upper head. The insurge of cold UHI water keeps this inactive coolant
from flashing and from retarding the pressure decrease. The effect of UHI
is a faster pressure decrease which in turn permits more safety injection
flow into the core. These effects are very small and results are not
significantly affected.
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Dilution During Cold Shutdown

Conditions at cold shutdown require the reactor to be shut down by at least
1.0% ak. The critical boron concentration is conservatively estimated to be
731 ppm for Cycle 1. The following conditions are assumed for an uncontrolled
boron dilution during cold shutdown:

Dilution flow is assumed to be 120 gpm.

Mixing of the reactor coolant is accomplished by the operation of one res-
idual heat removal pump.

A minimum water volume (3588 ft®) in the RCS is used. This is the
minimum volume of the RCS for residual heat removal system operation.

Dilution During Hot Shutdown

Conditions at hot shutdown require the reactor to be shut down by at least
1.3% Ak. The critical boron concentration is conservatively estimated to be
722 ppm for Cycle 1. The following conditions are assumed for an uncontrolled
boron dilution during hot shutdown: ‘

Dilution flow is assumed to be 120 gpm.

Mixing nf the reacior coolant is accomplished by the operation of one
residual heat removal pump.

A minimum water volume (3588 ft3) in the RCS is used. This is the
minimum volume of the RCS for residual heat removal system operation.

Dilution During Hot Standby

Conditions at hot standby require tha reactor to have avcilable at least 1.30%
Ak shutdown margin. This mode of operation is analyzed both with and without
the most reactive rod cluster control assembly (RCCA) stuck out of the core.
The stuck rod case is assumed to occur immediately after a reactor trip and is
therefore analyzed at no-load conditions. The case with no stuck rod is
analyzed at 350°F which is conservative since this is the lowest permissible
temperature in this mode. The critical boron concentrations are conservatively
estimated to be 630 ppm (without stuck RCCA) and 448 ppm (with stuck RCCA) for
Cycle 1. The following conditions are assumed in each case for a continuous
boron dilution during hot standby:

1. Dilution flow is assumed to be output of iwo reactor makeup water pumps
(240 gpm).

3
2. A minimum water volume (9029 ft ) in the Reactor Coolant System is used.
This corresponds to the active volume of the Reactor Coolant System while
on natural circulation, i.e., the reactor vessel upper head and the
pressurizer are not included.

15.4-20 Rev. 11



cNs

Dilution During Startup

Conditions at startup require the reactor to have available at least 1.30% Ak
shutdown margin. The critical boron concentration is conservatively estimated
to be 847 ppm for Cycle 1. The following conditions are assumed for a
continuous boron dilution during startup:

Dilution flow is assumed to be a conservatively high charging flow rate
(300 gpg) consistent with Reactor Coolant System operation at 2250 psia
and 557°F.

A minimum water volume (9800 ft®) in the Reactor Coolant System is used.
This volume corresponds to the active volume of the Reactor Coolant
System minus the pressurizer volume.

The operator is alerted to an uncontrolled reactivity insertion by a
reactor trip at the Power Range High Neutron Flux low setpoint
(nominally 25% RTP).

Dilution During Full Power Operation

With the unit at power and the Reactor Coolant System at pressure, the
dilution rate is limited by the capacity of the charging pumps (analysis is
performed assuming all charging pumps are in operation although only one is
normally in operation). The effective reactivity addition rate is a function
of the reactor coolant temperature and boron concentration. The reactivity
insertion rate calculated is based on a conservative value for the critical
boron concentration for Cycle 1 (847 ppm) as well as a conservative

charging flowrate capacity (125 gpm).

The Reactor Coolant System volume assumed (9800 ft3) corresponds to the active
volume of the RCS excluding the pressurizer.

The operator is alerted to an uncontrolled reactivity insertion by an
overtemperature AT trip or by the rod insertion alarms depending on whether
the plant is in manual or auto rod control.

15.4.6.3 Environmental Consequences

There would be minimal radiological consequences associated with a Chemical
and Volume Control System malfunction that results in a decrease in boron con-

Carryover
15.4-20a Rev. 11



eNs

centration in the reactor coolant event. The reactor trip causes a turbine-
trip, and heat is removed from the secoidary system through the steam generator
power re.ief valves or safety valves. Since no fuel damage occurs from this
transient, the radiological consequences associated with this event are léss
severe than the steamline break event analyzed in Section 15.1.5.

15.4.6.4 Results

Dilution During Refueling

During refueling, an inadvertent dilution from the reactor makeup water system
is prevented by administrative controls which isolate the RCS from the
potential source of unborated makeup water.

The most limiting conditions for an inadvertent dilution from either the BTRS
or the reactor makeup water system occurs with the RCS drained to 26" above

the borrom ID of the reactor vesse! inlet nozzles. The high flux at shutdown
alarm, set at /10 times the background flux level measured by the source range
nuclear instrumentation, is available at these conditions to alert the operator
that a dilution event is in progress.

For this case, the operator has 96.3 minutes from the high flux at shutdown
alarm to recognize and terminate the dilution before shutdown margin is lost
and the reactor becomes critical.

Dilution During Cold Shutdown

While in cold shutdown, the high flux at shutdown alarm, set at J10 times the
background flux level measured by the source range nuclear instrumentation, is
available to alert the operator that a dilution event is in progress.

During the cold shutdown mode while operating on the residual heat removal
system (RHRS) with the RCS drained to 26" above the bottom ID of the reactor
vessel inlet nozzles, the operator has 17.9 minutes from the high flux at
shutdown alarm to recognize and terminate the uncontrolled reactivity
insertion before shutdown margin is lost and the reactor becomes critical.

Dilution During Hot Shutdown

while in hot shutdown, the high flux at shutdown alarm, set at /10 timeg the_
background flux level measured by the source range nuclear instrumentation, is
available to alert the operator that a dilution event is in progress.

During the hot shutdown mode, the operator has 17.7 minutes from the high flux

at shutdown alarm to recognize and terminate the uncontrolled recatfvjty
insertion before shutdown margin is lost and the reactor becomes critical.
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Dilution During Hot Standby

While in hot standby, the high flux at shutdown alarm, set at J10 times the
background flux lTevel measured by the source range nuclear instrumentation, is
available to alert the operator that a dilution event is in progress.

For the case with a ¢* <k rod, the operator has 37.2 minutes from the high
flux at shutdown .rm to recognize and terminate the uncontrolled reactivity
insertion before shutdown margin is lost and the reactor becomes critical.

For the case without a stuck rod, the operator has 25.1 minutes from the high
flux at shutdown alarm to recognize and terminate the uncontrolled reactivity
insertion before shutdown margin is lost and the reactor becomes critical.

Dilution During Startup

In the event of an unplanned approach to criticality or dilution during power
escalation while in the startup mode, the operator is alerted to an
uncontrolled reactivity insertion by a reactor trip at the Power Range High
Neutron Flux low setpoint (nominally 25% RTP). After reactor trip there is at
least 27.0 minutes for operator action prior to return to criticality.

Dilution During Full Power Operation

% With the reactor in automatic control, the power and temperature increase
from boron dilution results in insertion of the rod cluster control
assemblies and a decrease in the shutdown margin. The rod insertion
limit alarms (low and low-low settings) provide the operator with
adequate time (of other order of 65 minutes) to determine the cause of
dilution, isolate the primary grade water source, and initiate reboration
before the total shutdown margin is lost due to dilution.

2 With the reactor in manual control and if no operator action is taken,
the power and temperature rise will cause the reactor to reach the
overtemperature AT trip setpoint. The boron dilution accident in this
case is essentially identical to rod cluster control assembly withdrawal
accident. The maximum reactivity insertion rate for boron dilution is
approximately .90 pcm/sec and is within the reange of insertion rates
analyzed. Prior to the overtemperature AT trip, an overtemperature AT
alarm and turbine runback would be actuated. There is adequate time
available (of the order of 27.0 minutes) after a reactor trip for the
operator to determine the cause of dilution, isolate the primary grade
water sources and initiate reboration before the reactor can return to
criticality.
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15.4.7.2 Analysis of Effects and Consequences

Method of Analysis

Steady state power distribution in the x-y plane of the core are calcu'ated
using the computer codes as described in Table 4.1-2. A discrete representa-
tion is used wherein each individual fuel rod is described by a mesh interval.
The power distributions in the x-y plan for a correctly loaded core assembly
are also given in Chapter 4 based on enrichments given in that section.

For each core loading error case analyzed, the percent deviations from detector
readings for a normally loaded core are shown at all incore detector locations
(see Figures 15.4.7-1 to 15.4.7-5, inclusive).

Results

The following core loading error cases have been analyzed:

Case A:

Case in which a Region 1 assembly is interchanged with a Region 3 assembly. The
particular case considered was the interchange to two adjacent assemblies near
the periphery of the core (see Figure 15.4.7-1).

Case B:

Case in which a Region 1 assembly is interchanged with a neighboring Region 2
fuel assembly. Two analyses have been performed for this case (see Figures
15.4.7-2 and 15.4.7-3).

In Case B-1, the interchange is assumed to take place with the burnable poison
rods transferred with the Region 2 assembly mistakenly loaded into Regior 1.

In Case B-2, the interchange is assumed to take place closer to core center and
with burnable poison rods located in the correct Region 2 position but in a Re-
gion 1 assembly mistakenly loaded in the Region 2 positon.

Case C:

Enrichment error: Case in which a Region 2 fuel assembly is loaded in the core
central position (see Figure 15.4.7-4).

Case D:

Case in which a Region 2 fuel assembly instead of a Region 1 assembly is loaded
near the core periphery (see Figure 15.4.7-5.).

15.4.7.3 Environmental Consequences

There are no radiological consequences associated with inadvertent lqading and
operation of a fuel assembly in an improper position since activity is contain-
ed with the fuel rods and Reactor Coolant System within design limits.
Entire Page Revised
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15.4.7.4 Conclusions

Fuel assembly enrichment errors would be prevented by administrative procedures
implemented in fabrication.

In the event that a single pin or pellet has a higher enrichment than the nomi-
nal value, the consequences in terms of reduced DNBR and increased fuel and
clad temperatures will be limited to the incorrectly loaded pin or pins.

Fuel assembly loading errors are prevented by adminstrative procedures imple-
mented during core loading. In the unlikely event that a loading error occurs,
analyses in this section confirm that resulting power distribution effects will
either be readily detected by the incore moveable detector system or will cause
a sufficiently small perturbation to be acceptable within the uncertainties
allowed between nominal and design power shapes.

15.4.8 SPECTRUM OF ROD CLUSTER CONTROL ASSEMBLY EJECTION ACCIDENTS

15:4.8.1 Identification of Causes and Accident Description

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

15.4.8.1.1 Design Precautions and Protection

Certain features in the Catawba units are intended to preclude the possibility
of a rod ejection accident, or to limit the consequences if the accident were
to occur. These include a sound, conservative mechanical design of the rod
housings, together with a thorough quality control (testing) program during
assembly, and a nuclear design which lessens the potential ejection worth of
RCCA's, and minimizes the number of assemblies inserted at high power levels.

Mechanical Design

The mechanical design is discussed in Section 4.6. Mechanical design and qua’l .ty
control procedures intended to preclude the possibility of a RCCA drive mechanism
housing failure are listed below:

» Each full length control rod drive mechanism housing is completely assembl-
ed and shop tested at 4100 psi.

2. The mechanism housings are individually hydrotested after they are attached
to the head adapters in the reactor vessel head, and checked during the
hydrotest of the completed reactor coolant system.

3 Stress levels in the mechanism are not affected by anticipated system tran-
sients at power, or by the thermal movement of the coolant loops. Moments
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induced by the design earthquake can be accepted within the allowable pri-
mary working stress range specified by the ASME Code, Section III, for Class
1 components.

The latch mechanism housing and rod travel housing are each a single length
of forged Type-304 stainless steel. This material exhibits excellent notch
toughness at all temperatures which will be encountered.

A significant margin of strength in the elastic range together with the large
energy absorption capability in the plastic range gives additional assurance
that gross failure of the housing will not occur. The joints between the latch
mechanism housing and head adapter, and between the latch mechanism housing and
rod travel housing, are threaded joints reinforced by canopy type rod welds.
Administrative reqgulations require periodic inspections of these (and other)
welds

Nuclear Design

Even if a rupture of a RCCA drive mechanism housing is postulated, the operation
of a plant utilizing chemical shim is such that the severity of an ejected RCCA
is inherently limited. In general, the reactor is operated with the RCCA's in-
serted only far enough to permit load follow. Reactivity changes caused by core
depletion and xenon transients are compensated by boron changes. Further, the
location and grouping of control RCCA banks are selected during the nuclear de-

sign to lessen the severity of a RCCA ejection accident. Therefore, should a
RCCA be ejected from its normal position during full power operation, only a
minor reactivity excursion, at worst, could be expected to occur.

However, it may be occasionally desirable to operate with larger than normal
insertions. For this reason, a rod insertion limit is defined as a function
of power level. Operation with the RCCA's above this limit guarantees ade-
quate shutdown capability and acceptable power distribution. The pecsition
of all RCCA's is continuously indicated in the control room. An alarm will
occur if a bank of RCCA's approaches its insertion 1imit or if one RCCA de-
viates from its bank. Operating instructions require boration at low level
alarm and emergency boration at the low-low alarm.

Reactor Protection

The reactor protection in the event of a rod ejection accident has been de-
scribed in Reference 6. The protection for this accident is provided by high
neutron flux trip (high a2nd low setting) and high rate of neutron flux increase
trip. These protection functions are described in detail in Section 7.2.

Effects on Adjacent Housings

Disregarding the remote possibility of the occurrence of a RCCA mechanism hous-
ing failure, investigations have shown that failure of a housing due to either
longitudinal or circumferential cracking would not cause damage to adjacent
housings. However, even if damage is postulated, it would not be expected to
lead to a more severe transient since RCCA's are inserted in the core in sym-
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metric patterns, and control rods immediately adjacent to worst ejected rods

are not in the core when the reactor is critical. Damage to an adjacent housing
could, at worst, cause that RCCA not to fall on receiving a trip signal; however,
this is already taken into account in the analysis by assuming a stuck rod adja-
cent to the ejected rod.

15.4.8.1.2 Limiting Criteria

This event is classified as an ANS Condition IV incident. See Section 15.0.1
for a discussion of ANS classifications. Due to the extremely low probability
of a RCCA ejection accident, some fuel damage could be considered an acceptable
consequence,

Comprehensive studies of the threshold of fuel failure and of the threshold or
significant conversion of the fuel thermal energy to mechanical energy, have
been carried out as part of the SPERT project by the Idaho Nuclear Corporation
(Reference 7). Extensive tests of U0, zirconium clad fuel rods representative
of those in Pressurized Water Reactor type cores have demonstrated failure
thresholds in the range of 240 to 257 cal/gm. However, other rods of a sightly
different design have exhibited failures as low as 225 cal/gm. These results
differ significantly from the TREAT (Reference 8) results, which indicated a
failure threshold of 280 cal/gm. Limited results have indicated that this
threshold decreases by about 10 percent with fuel burnup. The clad failure
mechanism appears to be melting for zero burnup rods and brittle fracture for
irradiated rods. Also important is the conversion ratio of thermal to mechan-
ical energy. This ratio becomes marginally detectable above 300 cal/gm for
unirradiated rods and 200 cal/gm for irradiated rods; catastrophic failure,
(large fuel dispersal, large pressure rise) event for irradiated rods, did

not occur below 300 cal/gm.

In view of the above experimental results, criteria are applied to ensure that
there is Tittle or no possibility of fuel dispersal in the coolant, gross lat-
tice distortion, or severe shock waves. These criteria are:

1. Average fuel pellet enthalpy at the hot spot below 225 cal/gm for unir-
radiated fuel and 200 cal/gm for irradiated fuel.

A Average clad temperature at the hot spot below the temperature at which
clad embrittiement may be expected (2700°F).

- Peak reactor coolant pressure less than that which could cause stresses to
exceed the faulted condition stress limits.

4. Fuel melting will be Timited to less than ten percent of the fuel volume at
the hot spot even if the average fuel pellet enthalpy is below the limits of
criterion 1 above.
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15.4.8.2 Analysis of Effects and Consequences

Method of Analysis

The calculation of the RCCA ejection transient is performed in two stages, first
an average core channel calculation and then a hot region calculation. The aver-
age core calculation is performed using spatial neutron kinetics methods to de-
termine the average power generation with time including the various total core
feedback effects, i.e., Doppler reactivity and moderator reactivity. Enthalpy
and temperature transients in the hot spot are then determined by multiplying

the average core energy generation by the hot channel factor and performing a
fuel rod transient heat transfer calculation. The power distribution calculated
without feedback is pessimistically assumed to persist throughout the transient.

A detailed discussion of the method of analysis can be found in Reference 6.

Average Core Analysis

The spatial kinetics computer code, TWINKLE, (Reference 1) is used for the aver-
age core transient analysis. This code solves the two group neutron diffusion
theory kinetic equation in one, two or three spatial dimensions (rectangular co-
ordinates) for six delayed neutron groups and up to 2000 spatial points. The
computer code includes a detailed multiregion, transient fuel-clad-coolart heat
transfer model for calculation of pointwise Doppler and moderator feedback ef-
fects. In this analysis, the code is used as a one dimensional axial kinetics
code since it aliows a more rezlistic representation of the spatial effects of
axial moderator feedback and RCCA movement. However, since the radial dimension
is missing, it is stil]l necessary to employ very conservative methods (described
below) of calculating the ejected rod worth and hot channel factor. Further des-
cripton of TWINKLE appears in Section 15.0.11.

Hot Spot Analysis

In the hot spot analysis, the initial heat flux is equal to the nominal times the
design hot channel factor. During the transient, the heat flux hot channel factor
is linearly increased to the transient value in 0.1 second, the time for full ejec-
tion of the rod. Therefcre, the assumption is made that the hot spot before and
after ejection are coincident. This is very conservative since the peak after
ejection will occur in or adjacent to the assembly with the ejected rod, and prior
to ejection the power in this region will necessarily be depressed.

The hct spot analysis is performed using the detiiled fuel and clad transient
heat transfer computer code, FACTRAN (Reference ). This computer code calcu-
lates the transient temperature distribution in a zross section of a metal clad
U0, fuel rod, and the heat flux at the surface of the rod, using as input the
nuclear power versus time and the local coolant conditions. The zirconium-water
reaction is explicitly represented, and all material properties are represented
as functions of temperature. A conservative radial power distribution is used
within the fuel rod.
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FACTRAN uses the Dittus-Boelter or Jens-Lottes correlation to determine the fiim
heat transfer before DNB, and the Bishop-Sandburg-Tong correlation (Reference 9)
to determine the film boiling coefficient after DNB. The BST correlation is con-
servatively used assuming zero bulk fluid quality. The DNB ratio is not calcu-
lated, instead the code is forced into DNB by specifying a conservative DNB heat
flux. The gap heat transfer coefficient can be calculated by the code; however,
it is adjusted in order to force the full power steady-state temperature distri-
bution to agree with the fuel heat transfer design codes. Further description
of FACTRAN appears in Section 15.0.11.

System Overpressure Analysis

Because safety limits for fuel damage specified earlier are not exceeded, there
is little likelihood of fuel dispersal into the coolant. The pressure surge may
therefore be calculated on the basis of conventional heat transfer from the fuel
and prompt heat generation in the coolant.

The pressure surge is calculated by first performing the fuel heat transfer cal-
culation to determine the average and hot spot heat flux versus time. Using
this heat flux data, a THINC (Section 4.4) calculation is conducted to determine
the volume surge. Finally, the volume surge is simulated in a plant transient
computer code. This code calculates the pressure transient taking into account
fluid transport in the reactor coolant system and heat transfer to the steam
generators. No credit is taken for the possible pressure reduction caused by
the assumed failure of the control rod pressure housing.

15.4.8.2.2 Calculation of Basic Parameters

Input parameters for the analysis are conservatively selected on the basis of
values calculated for this type of core. The more important parameters are
discussed below. Table 15.4.8-1 presents the parameters used in this analysis.

Ejected Rod Worths and Hot Channel Factors

The values for ejected rod worths and hot channel factors are calculated using
either three dimensional static methods or by a synthesis method employing one
dimensional and two dimensional calculations. Standard nuclear design codes
are used in the analysis. No credit is taken for the flux flattening effects
of reactivity feedback. The calculation is performed for the maximum allowed
bank insertion at a given power level, as determined by the rod insertion
limits. Adverse xenon distributions are considered in the calculation.

Appropriate margins are added to the ejected rod worth and hot channel factors
to account for any calculational uncertainties, including an allowance for nu-
clear power peaking due tr densification.

Power distributions before and after ejection for a "worst case" can be found
in Reference 6. During plant startup physics testing, ejected rod worths and
power distributions are measured in the zero and full power configurations and
compared to values used in the analysis. It has been found that the ejected
rod worth and power peaking factors are consistently overpredicted in the
analysis.

15.4-29 Rev. 11
Carryover



Reactivity Feedback Weighting Factors

The largest temperature rises, and hence the largest reactivity feedbacks occur
in channels where the power is higher than average. Since the weight of a region
is dependent on flux, these regions have high weights. This means that the re-
activity feedback is larger than that indicated by a simple channel analysis.
Physics calculations have been carried out for temperature changes with a flat
temperature distribution, and with a large number of axial and radial temperature
distributions. Reactivity changes were compared and effective weighting factors
determined. These weighting factors take the form of multipliers which when ap-
plied to singie channel feedbacks correct them to effective whole core feedbacks
for the appropriate flux shape. In this analysis, since a one dimensional (axial)
spatial kinetics method is employed, axial weighting is not necessary if the in-
itial condition is made to match the ejected rod configuration. In addition, no
weighting is applied to the moderator feedback. A conservative radial weighting
factor is applied to the transient fuel temperature to obtain an effective fuel
temperature as a function of time accounting for the missing spatial dimension.
These weighting factors have also been shown to be conservative compared to three
dimensional analysis (Reference 6).

Moderator and Doppler Coefficient

The critical boron concentrations at the beginning of 1ife and end of life are
adjusted in the nuclear code in order to obtain moderator density coefficient
curves which are conservative compared to actual design conditions for the plant.
As discussed above, no weighting factor is applied to these results.

The Doppler reactivity defect is determined as a function of power level using a
one dimensional steady-state computer code with a Doppler weighting factor of 1.0.
The Doppler defect used is given in Section 15.0.4. The Doppler weighting factor
will increase under accident conditions, as discussed above.

Delayed Neutron Fraction, B

Calculations of the effective delayed neutron fraction (Beff) typically yield

values no less than 0.70 percent at beginning of life and 0.50 percent at end
of life for the first cycle. The accident is sensitive to B if the ejected
rod worth is equal to or greater than B as in zero power transients. In order
to allow for future cycles, pessimistic estimates of B of 0.55 percent at be-
ginning of cycle and 0.44 percent at end of cycle were used in the analysis.

Trip Reactivity Insertion

The trip reactivity insertion assumed is given in Table 15.4.8-1 and in-
cludes the effect of one stuck RCCA. These values are reduced by the eject-
ed rod reactivity. The shutdown reactivity was simulated by dropping a rod
of the required worth into the core. The start of rod motion occurred 0.5
seconds after the high neutron flux trip point was reached. This delay is
assumed to consist of 0.2 seconds for the instrument channel to produce a
signal, 0.15 seconds for the trip breaker to open and 0.15 seconds for the
coil to release the rods. A curve of trip rod insertion versus time was
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used which assumed that insertion to the dashpot does not occur until 3.05
seconds after the start of fall. The choice of such a conservative inser-
tion rate means that there is over one second after the trip point is reach-
ed before significant shutdown reactivity is inserted into the core. This is
a particularly important conservatism for hot full power accidents.

The minimum design shutdown available for this plant at HZP may be reached only
at end of life in the equilibrium cycle. This value includes an allowance for
the worst stuck rod, adverse xenon distribution, conservative Doppler and mod-
erator defects, and an allowance for calculational uncertainties. Physics cal-
culations for this plant have shown that the effect of two stuck RCCA's (one of
which is the worst ejected rod) is to reduce the shutdown by about an additional
one percent Ak. Therefore, following a reactor trip resulting from an RCCA ejec-
tion accident, the reactor will be subcritical when the core returns to HZP.

Depressurization calculations have been performed for a typical four-loop plant
assuming the maximum possible size break (2.75 inch diameter) located in the
re-actor pressure vessel head. The results show a rapid pressure drop and a
de-crease in system water mass due to the break. The safety injection system
is actuated on of low pressurizer pressure within one minute after the break.
The reactor coolant system pressure continues to drop and reaches saturation
(1100 to 1300 psi depending on the system temperature) in about two to three
minutes. Due to the large thermal inertia of primary and secondary system,
there has been no significant decrease in the reactor coolant system tempera-
ture below no-load by this time, and the depressurization itself has caused an
increase in shutdown margin by about 0.2 percent Ak due to the pressure coef-
ficient. The cooldown transient could not absorb the available shutdown margin
until more than ten minutes after the break.

Reactor Protection

As discussed in Section 15.4.8.1.1, reactor protection for a rod ejection is pro-
vided by high neutron flux trip (high and low setting) and high rate of neutron
flux increase trip. These protection functions are part of the Reactor Trip Sys-
tem. No single failure of the Reactor Trip system wili negate the protection
functions required for the rod ejection accident, or adversely affect the conse-
quences of the accident.

Results
Cases are presented for both beginning and end of life at zero and full power.
1. Beginning of Cycle, Full Power

Control bank D was assumed to be inserted to its insertion limit. The
worst ejected rod worth and hot channel factor were conservatively cal-
culated to be 0.23 percent Ak and 5.90 respectively. The peak hot spot
clad average temperature was 2353°F. The peak hot spot fuel center tem-
perature reached melting, conservatively assumed at 4900°F. dowever,
melting was restricted to less than 10% of the pellet.
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2. Beginning of Cycle, Zero Power

For this condition, control bank D was assumed to be fully inserted and
banks B and C were at their insertion limits. The worst ejected rod is
located in control bank D and has a worth of 0.78 percent Ak and a hot
channel factor of 11 5. The peak hot spot clad temperature reached 2597°F,
the fuel center temperature was 4030°F.

3 End of Cycle, Full Power

Control bank D was assumed to be inserted to its insertion limit. The
ejected rod worth and hot channel factors were conservatively calculated
to be 0.25 percent Ak and 6.40 respectively. This resulted in a peak clad
average temperature of 2228°F. The peak hot spot fuel temperature reached
melting conservatively assumed at 4800°F. However, melting was restricted
to less than 10% of the pellet.

4. End o Cycle, Zero Power

The ejected rod worth and hot channel factor for this case were obtained
assuming control bank D to be fully inserted and bank C at its insertion
limit. The results were 0.90 percent Ak and 20.0 respectively. The peak
clad average and fuel center temperatures were 2553 and 3791°F. The Doppler
weighting factor for this case is significantly higher than for the other
cases due to the very large transient hot channel factor.

A summary of the cases presented above is given in Table 15.4.8-1. The nuclear
power and hot spot fuel and clad temperature transients for the worst cases
(end of life, full and zero power) are presented in Figures 15.4.8-1 through
15.4.8-4. (Beginning of Tife full power and beginning of life zero power).

The calculated sequence of events for the worst case rod ejection accidents,
as shown in Figures 15.4.8-1 through 15.4.8-4, is presented in Table 15.4.1-1.
For all cases, reactor trip occurs very early in the transient, after which
the nuclear power excursion is terminated. As discussed previously in fection
15.4.8.2.2, the reactor will remain subcritical following reactor trip.

The ejection of an RCCA constitutes a break in the Reactor Coolant System, lo-
cated in the reactor pressure vessel head. The effects and consequences of
loss of coolant accidents are discussed in Section 15.6.5. Following the RCCA
ejection, the operator would follow the same emergency instructions as for any
other loss of coolant accident to recover from the event.

Fission Product Release

It is assumed that fission products are released from the gaps of all rods
entering ODNB. In all cases considered, less than 10 percent of the rods en-
tered ONB based on a detailed three dimensional THINC analysis (Refererce 6).
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Pressure Surge

A detailed calculation of the pressure surge for an ejection worth of one
dollar at beginning of life, hot full power, indicates that the peak pressure
does not exceed that which would cause stress to exceed the faulted condition
stress limits (Reference 6). Since the severity of the present analysis does
not exceed the "worst case" analysis, the accident for this plant will not re-
;ult in an excessive pressure rise or further damage to the Reactor Coolant
ystem.

Lattice Deformations

A large temperature gradient will exist in the region of the hot spot. Since
the fuel rods are free to move in the vertical direction, differential expan-
sion between separate rods cannot produce distortion. However, the tempera-
ture gradients across individual rods may produce a differential expansion
tending to bow the midpoint of the rods toward the hotter side of the rod.
Calculations have indicated that this bowing would result in a negative re-
activity effect at the hot spot since Westinghouse cores are under-moderated,
and bowing will tend to increase the under-moderation at the hot spot. Since
the 17 x 17 fuel design is also under-moderated, the same effect would be
observed. In practice, no significant bowing is anticipated, since the struc-
tural rigidity of the core is more than sufficient to withstand the forces
produced. Boiling in the hot spot region would produce a net flow away from
that region. However, the heat from the fuel is released to the water rela-
tively slowly, and it is considered inconceivable that cross flow will be
sufficient to produce significant lattice forces. Even if massive and rapid
boiling, sufficient to distort the lattice, is hypothetically postulated, the
large void fraction in the hot spot region would produce a reduction in the
total core moderator to fuel ratio, and a large reduction in this ratio at the
hot spot. The net effect would therefore be a negative feedback. It can be
concluded that no conceivable mechanism exists for a net positive feedback re-
sulting from lattice deformation. In fact, a small negative feedback may re-
sult, The effect is conservatively ignored in the analysis.

15.4.8.3 Environmental Conseauences

A conservative analysis for a postulated rod ejection accident is performed
to determine the resulting radiological consequences. The analysis is based
on a instantaneous fission product release to the reactor coolant of the gap
activity from 10 percent of the fuel rods in the core plus the activity from
an assumed 0.25 core melt.

Prior to the postulated rod ejection accident, it is assumed that the plant is
operating at equilibrium levels of radiocactivity in the primary and secondary
systems with 1 percent fuel defects and a steam generator tube Teak rate of 1
gpm. Following the accident, two activity release paths contribute to the total
radiological consequences. The first release path is via containment leakage
resulting from release of activity from the primary coolant to the containment.
The second path is the contribution of contaminated steam in the secondary sys-
tem dumped through the relief valves, since offsite power is assumed to be Jost.
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The following conservative assumptions are used in the analysis of the release
of radioactivity to the environment in the event of a postulated rod ejection
accident. A summary of parameters used in the analysis is given in Table

15.4.8-2.

1. Ten percent of the gap activity is released to the containment atmosphere.

2. 50 percent of the iodines and 100 percent of the noble gases in the melted
fuel are released.

3. 50 percent of the iodine released are deposited in the sump.

4. Annulus activity, which is exhausted prior to the time at which the annulus
reaches a negative pressure of -0.25 in.w.g., is unfiltered.

5. ECCS leakage occurs at twice the maximum operational leakage.

6. ECCS Teakage begins at the earliest possible time sump recirculation can
begin.

7. Bypass leakage is 7 percent.

8. The effective annulus volume is 50 percent of the actual volume.

9. The annulus filters become fouled at 900 seconds resulting in a 15 percent
reduction in flow.

10. Elemental iodine removal! by the ice condenser begins at 600 seconds and
continues for 3328.3 seconds with a removal efficiency of 30 percent.

11. One of the containment air return fans is assumed to fail.

12. The containment leak rate is fifty percent of the Technical Specifications
Timit after 1 day.

13. Iodine partiticn factor for ECCS leakage is 0.1 for the course of the ac-
cident.

14. No credit is taken for the auxiliary building filters for ECCS leakage.

15. The redundant hydrogen recombiners fail; therefore, purges are required
for hydrogen control.

(The following assumptions apply to the secondary side analysis).

16. A1l the activity released is mixed instantaneously with the entire reactor

coolant volume.
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17. The primary to secondary leak rate is 1 gal/min.

18. The iodine partition factor is 0.1.

19. The steam release terminates in 120. seconds.

20. A1l noble gases which leak to the secondary side are released.

21. The primary and secondary coolant concentrations are at the maximum al-
lowed by technical specifications.

Based on the foregoing model, the primary and secondary side releases may be
calculated as well as the offsite doses. The doses, given in Table 15.4.8-2,
are well below the limits of 25 rem whole body and 300 rem thyroid established
in 10CFR100.

15.4.8.4 Conclusions

Even on a pessimistic basis, the analysis indicate that the described fuel and
clad 1imits are not exceeded. It is concluded that there is no danger of sudden
fuel dispersal into the coolant. Since the peak pressure does not exceed that
which would cause stresses to exceed the faulted condition stress limits, it is
concluded that there is no danger of further consequential damage to the Reactor
Coolant System. The analyses have demonstrated that upper limit in fission pro-
duct release as a result of a number of fuel rods entering DNB amounts to ten per-
cent.

Parameters recommended for use in determining the radiocactivity released to
atmosphere for a rod ejection accident are given in Table 15.4.8-2. The Re-
actor Coolant System integrated break flow to Containment following a rod
ejection accident is shown in Figure 15.4.8-5.
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Trip
Function

Low reactor coolant flow
(from loop flow detectors)

Undervoltage trip
Turbine trip

Low-low steam generator
level

High steam generator
level trip of the
feedwater pumps and
closure of feedwater
system valves, and
turbine trip

TABLE 15.0.6~1 (Page 2)

Limiting Trip
Point Assumed
In Analysis

87% loop flow
68% nominal

Not applicahle
0.0%

of narrow range

level span

93.6% of narrow range

level span

Time Delays

§Secondsg

1.0
1.5
2.0
2.0

2.0

)



TABLE 15.4.1-1

(Page 2)

Time Sequence of Events for Incidents which Cause Reactivity and Power

Accident

Startup of an
inactive reactor
coolant loop at
an incorrect
temperature

CVCS Malfunction
that results in a
decrease ir the
boron concentration
in the reactor
coolant

1.

4a.

Dilution during
refueling

Dilution during
cold shutdown

Dilution during
hot shutdown

Dilution during
hot standby
(w/0 stuck rod)

Dilution during
hot standby
(w/stuck rod)

“Distribution Anomalies

Event

Rods begin to fall into core

Minimum DNBR occurs

Initiation of pump startup

Power reaches P-8 trip
setpoint

Rods begin to drop

Minimum DNBR occurs

Dilution begins

High flux at shutdown
Criticality occurs

Dilution begins

High flux at shutdown
Criticality occurs

Dilution begins

High flux at shutdown
Criticality occurs

Oilution begins

High flux at shutdown
Criticality occurs

Dilution begins

High flux at shutdown
Criticality occurs

alarm occurs

alarm occurs

alarm occurs

alarm occurs

alarm occurs

66.2
67.1

1.0
13.4

13.9
15.0

7634
13506

2064
3137

2048
3112

2977
4553

4002
6233

sec.
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TABLE 15.4.1-1 (Page 3)

Time Sequence of Events for Incidents which Cause Reactivity and Power
Distribution Anomalies

Accident Event Time (sec.)
' 5. Dilution during Power range low setpoint reactor 0
startup trip due to dilution
Criticality occurs (if dilution 1620

continues after trip)

6. Dilution during
full ~ower operation

a. Automatic Operator receives low-low rod in- 0
re;<isr sertion limit alarm due to dilution
control

Shutdown margin lost (if dilution 3900
continues after trip)

b. Manual Reactor trip setpoint reached for 0
reactor overtemperature AT
control

Shutdown margin is lost (if dilution 1620
continues after trip)

Rod Cluster Control
Assembly Ejection

1. Beginning-of- Initiation of rod ejection 0.0
Life, Full Power

Power range high neutron flux 0.05
setpoint reached
Peak nuclear power occurs 0.14
Rods begin to fall into core 0.55
Peak fuel average temperature 2.3
occurs
Peak heat flux cccurs 2.36
Peak clad temperature occurs 2.37
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TABLE 15.4.8-2 (Page 3)

Parameters for Postulated Rod Ejection Accident Analysis

Conservative Realistic
Dose conversion assumptions Regulatory Guides same
1.4 and 1.109
Doses (Rem)
Primary side
Exclusion area boundary
wWhole body 5.1E-02
Thyroid 4.8
Low population zone
wWhole body 1.1E-02
Thyroid P |
Secondary side
Exclusion area boundary
wWhole body 3.3E-02
Thyroid 1.2
Low population zone
wWhole body 1.1E-03
Thyroid 3.8E-02
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Annulus activity which is exhausted prior to the time at which the annulus
reaches a negative pressure of -0.25 in.w.g. is unfiltered.

ECCS leakage begins at the earliest possible time sump recirculation can
begin.

ECCS leakage occurs at twice the maximum operational leakage.
Bypass leakage is 7 percent.
The effective annulus volume is 50 percent of the actual volume.

The annulus filters become fouled at 900 seconds resulting in a 15 percent
reduction in flow.

Elemental icdine removal by the ice condenser begins at 600 seconds and
continues for 3328.3 seconds with a removal efficiency of 30 percent.

One of the containment air return fans is assumed to fail.

The containment leak rate is fifty percent of the Technical Specification
limit after 1 day.

[edine partition factor for ECCS Teakage is 0.1 for the course of the
accident.

No credit is taken for the auxiliary building filters for ECCS lTeakage.

14. The redundant hyrdogen recombiners fail; therefore, purges are required
for hydrogen control.

The resulting offsite doses presented in Table 15.6.5-10 are below the limits
of 25 rem whole body and 300 rem thyroid established in 10CFR100.

15.6.5.4.2 Control Room Operator Dose
The maximum postulated dose to a concrol room operator is determined based on
the releases of a Design Basis Accident. In addition to the parameters and as-

sumptions listed in Section 15.6.5.4.1, the tollowing apply:

The control room pressurization rate is 4,000 cfm; the filtered recir-
culation rate is 2,000 cfm.

The unfiltered inleakage into the control room is 10 cfm.

Other assumptions are listed in Table 15.6.5-11




Q
440.127

TABLE 15.6.3-1
STEAM GENERATOR TUBE RUPTURE STQUENCE OF EVENTS

Event
Tube Rupture Occurs
Reactor Trip Signal
Rod Motion

Steam Generator Safety Valves Opened
(assumed to stay open to maximize release)

Feedwater Terminated*

S.I. Signal

S.I. Injection

Auxiliary Feedwater Injection

Assumed that operator completes actions to isolate
and equilibrate

*The feedwater flow is throttled over 20 seconds
using the FW flow contrel valve.

Time (seconds)
0.0
367.0
369.0
376.0

289.0
142.0
567.0

602.0
1800.0
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TABLE 15.6.5-10 (Page 3)

Parameters for Postulated Design Basis Accident Analysis

Conservative Realistic

Doses (Rem)

Case 1 (With ECCS leakage)
Exclusion Area Poundary
Whole Body
Thyroid
Low Population Zone
whole Body
Thyroid

Case 2 (Without ECCS leakage)
Exclusion Area Boundary
whole Body
Thyroid
Low Population Zone
Whole Body
Thyroid




TABLE 15.6.5-11 (Page 2)

Parameters for Postulated Desigr Basis Accident Control Room Analysis

Conservative Realistic
3. Dispersion data
a. Contrcl room intake x/Q (sec/m3)
0-8 hrs 9.9£-04
8-24 hrs 7. 2E-04
1-4 days 5.1E-04
4 + days 2.8E-04
4. Dose data
a. Method of dose calculations Standard Review
Plan 6.4
b. Dose conversion assumptions Regulatory Guides
1.4, 1.109
c. Doses (Rem)
Whole body 4.6L-01
Thyroid 2.1e+01
Skin 9.0
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Response:

The isolation valves used for containment isolation of the process
sampling lines are electric motor operated and therefore fail "as
is." These valves are used in groups for each penetration with
the isolation valves inside containment supplied by one train of
safety related power while the valve outside containment receives
power from the other train of safety related power. Both interior
and exterior valves receive an appropriate automatic signal to
close. Isolation of these lines is thus assured even with assump-
tion of a single failure. This meets the intent of GDC60 in Appen-
dix A to 10CFRSO.

281.9 Provide information that satisfies the attached proposed license
(1.9, I1.B.3) conditions for post-accident sampling. (Attachment 281-1).
Response:

The Catawba Post Accident Liquid Sampling System is identical to
the system reviewed and approved for the McGuire Nuclear Station
(NUREG-0422) and meets the requirements of NUREG-0737, II.B.2 as
1iscussed in the following response to Attachment 281-1:

1.0 Compliance With NUREG-0737

1.1 Each unit has a reactor coolant and a containment air
sampling system. The basics of both systems are the
same and both systems are remote controlled. A small
sample is taken and diluted. A small portion of the di-
luted sample is saved, while the excess is flushed to a
radwaste system. Total sampling time is approximately
1.5 houvs.

1.2 a) Isotopic analysis is run at the station counting room
using a portion of gas stripped from the liquid sample
and diluted with inert gas and a portion of diluted
liquid sampie. The size of the samples and the dilu-
tion allows them to be handled and counted with the
available equipmert.

b) Hydrogen levels in the containment atmosphere can be
determined by the hydrogen monitor located in the
Auxiliary Building.

‘ ¢) Dissolved gases are stripped from 150 ml pressurized
sample and diluted to 1000 ml1 in the Post Accident

Sampling Panel. The gas sample is then analyzed with a
gas chromato-graph. Other gases as well as the H, can
be determined. Results of tests performed on this
function are described in the report transmitted by
letter of June 28, 1982 from W. 0. Parker, Jr. to H. R.
Denton.
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Chloride analysis can be performed on a diluted liquid
sample by ion-chromatography. Currently a radiochemistry
laboratory is being developed at the Physical Sciences
Building to handle these analyses.

Boron is run on the diluted liquid sample by the carminic
acid method.

d) In line monitoring capability as part of the sampling panel
is used to determine pH and conductivity on the undiluted
sample.

Reactor coolant and containment atmosphere sampling during post-
accident conditions do not require an isolated auxiliary system
to be placed in operation in order to use the sampling system.

Reactor coolant sampies are aepressurized in the sampling panel.
Any gases released plus gases stripped from the sample are col-
lected and diluted to a known volume. The diluted gas sample
is then analyzed on a gas chromatograph where H, and 0,

are determined.

Capability of performing chloride analysis by ion-chromatography
is available at the Power Chemistry Laboratory in the Physical
Sciences Building of the Training and Technology facility lo-
cated in Huntersviile, N.C. A sample can be transported to

this location and analyzed within 24 hours.

Radiation exposures are kept low through the use of distance
and dilution of the sample. The sample panels are remotely
controlled taking advantage of distance and the shielding of
the walls. Liquid samples can be diluted 3000:1 and air sam-
ples can be diluted 10,000:1.

Boron analysis is performed on the diluted sample collected
by the sampling panel. The amount of dilution is chosen to
minimize radiation exposure. For the postulated 10 Ci/g ex~
treme in the sample drawn, a 1:1000 dilution would provide
protection below the 75 rem exposure to the analyst. With
the limit of the carminic acid Boron Method of 0.1 + .023 ppm,
the minimum detectable concentration in the liquid sample
would be 100 ¢ 23 ppm @ 1:1000 dilution.

Not applicable.

a) The post-accident sampling panels provide the capability
to promptly obtain a liquid sample and a gas sample under
reactor accident conditions as described in Regulatory
Guides 1.3 or 1.4 and has the capability to dilute samples
within the shield for measurement in order to reduce per-
sonnel exposure. The size of the samples and the dilution
allows station personnel to analyze any liquid or gas sample
with the available counting room equipment.
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1.10

1.11

2.0

3.0

4.0

CNS

b) The health physics and chemistry laboratory facilities
located in the Auxiliary Building provide the capability
for prompt radioactivity spectrum analyses of noble gases,
radioiodines, radiocesium, and non-volatile radionuclides.
Highly radioactive samples are prepared at a sample pre-
paration laboratory provided with sample shielding and
a ventilation system to control airborne radioactivity.

No difficulties are expected performing these analyses.

The report on Functional Testing of the Post Accident Liquid
Sampling Panel (transmitted by letter of June 28, 1982 from

W. 0. Parker, Jr. to H. R. Denton) performed in the laboratory
provides data on the accuracy, range, and sensitivity attain-
able by an operator. These are adequate to provide pertinent
data for the radiological and chemical status of the systems
sampled. Data on the accuracy, range and sensitivity attainable
on the installed system will be collected during startup

testing and will be documented in the Startup Report (Technical
Specification 6.9).

A1l internal components of the air and liquid system and the
sample lines are purged before the diluted samples are re-
trieved. The small line size in conjunction with an orifice
will restrict reactor coolant flew in the event of a rupture.
The size, length of line and number of bends have been kept
to a minimum. Each air panel is vented to the stack vent.

Using distance and dilution, the exposure levels are kept low.
The air sample is diluted 10,000:1 and the liquid samples are
diluted 3,000:1. During sampling, the panels are controlled
remotely.

Regulatory Guide 1.97 Revision 2 is under evaluation and a
discussion of conformance will be provided in FSAR Section 1.8.

To comply with the requirements of NUREG-0737 Item II.B.3,
Part 4 the Post Accident Sampling Panels (samplers) are
powered from 240,120 VAC auxiliary control power system.
This assures that all components associated with post ac-
cident sampling are capable of being operated within 30
minutes of an accident in which there is core degradation,
and loss of offsite power assumed. Detailed description of
the 240/120 VAC auxiliary power system is presented in FSAR
Section 8.3.2.1.1.2.
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430.18
(8.3)

430.19
(8.3.1.1)

430.20
(8.3.1.1)

eNS

Explicitly identify all non-Class 1E electrical loads which are or
may be powered from the Class 1E a-c and d-c systems. Also, for each
load identified, provide the horsepower or kilowatt rating for that
load and identify the corresponding bus number from which the load

is powered.

Response:

See revised Section 8.3.1.1.2.2. Table 8.3.1-1, Sheets 2, 3 and 4
have been revised to show that the following non-Class 1E loads
would be disconnected if an accident signal were initiated:

AC Emergency Lighting Panelboard

Hydrogen Ignitor Panelboard

Diesel Generator Engine Jacket Water Heater

Diesel Generator Engine Lube 0i1 Sump Tank Heater
Diesel Generator Engine Lube 0il1 Trarsfer Pump Motor

Each Diesel Generator is provided with a fuel oil booster pump
motor which may be connected to its associated d-c system for
maintenance purposes; however, it will be disconnected during
normal operation.

In Section 8.3.1.1.3.4 of the FSAR you state that the setpoint of
the diesel generator overspeed trip is above the maximum engine
speed on a fuli-load rejection. Provide the full load engine speed
and maximum safe engine speed. In accordance with position C.4 of
Regulatory Guide 1.9 verify that, during recovery from transients
caused by step load increases or resulting from the disconnection

of the largest single load, the speed of the diesel generator unit
does not exceed the nominal speed plus 75 percent of the difference
between nominal speed and the overspeed trip setpoint or 115 percent
of nominal, whichever is lower.

Response:

See revised Section 8.3.1.1.3.4.

Section 8.3.1.1.3.5 of the FSAR states that the load shedding feature
for the Class 1E buses will remain blocked following load sequencing
until the load sequencer is manually reset or diesel engine speed
decreases below approximately 44%. Branch Technical Position PSB-1
in the Standard Review Plan (NUREG 0-800) requires automatic rein-
statement of the load shedding feature upon completion of load se-
quencing. Your present design is not acceptable since it will not
automatically result in load shedding upon trip of the diesel gen-
erator circuit breaker when there is no loss of diesel generator
frequency.
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430.21
(8.3.1.1)

430.22
(8.3.1.1)

oS

Response:
See revised Section 8.3.1.1.3.5.

Section 8.3.1.1.3.1 of the FSAR describes what happens when an
undervoltage safety injection actuation signal is received during
test of the diesel generator, but it does not describe what occurs
for a loss of offsite power (LOOP).

Normally, during neriodic testing of diesel generator, tre diesel
generator is paralleled with the offsite power system. Juring such
a test,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>