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RAFETY CTIASRTFTCATTONS FTIJTD SYSTFEMS AND COMPONENTS

Updated 
FSAR 
Section Systems and Components 

Piping and Valves 

Containment Penetration

Other 

9.4.1 Control Room Complex 
Ventilation System 

Control Room Air 
Conditioning Subsystem 

Air Conditioning/Fan 

Water Chiller 

Dampers 

Ductwork

ANS 
Safety 
Class 

2 

NNS 

3 

3 

3 

3

Principal 
Design/Const.  
Codes/Stds, 

ASME III 

ANSI B31.1 

MFRS. STDS.  

MFRS. STDS.  

AMCA 

SMACNA

Code Seismic 
Class Category

2

Building(n1 ) Supplier Notes(14)

CS 

WB/PB/CS

I 

I 

I 

I

CD 

CD 

CD 

CD

AE 

AE

AE 

AE 

AE 

AE See Note 
13.

Computer Room Air 
Conditioning Subsystem 

Air Conditioning Unit 

Condensing Unit 

Cooling Coil

MFRS.STDS.  

- MFRS.STDS.  

3 ARI 410

CD 

CD 

CD

AE 

AE 

AE

SEISMIC AND SAFETY CLASSIFICATIONS FLUID SYSTEMS AND COMPONENTS

I
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SEISMIC AND SAFETY CLASSIFICATIONS FLUID SYSTEMS AND COMPONENTS 

ANS Principal 
Safety Design/Const. Code Seismic 

onents Class Codes/Stds. Class Category Building 

Dns 3 MFRS. STDS. I CD

3 

3s

REVISION 7

(11) Supplier Notes( 14 ) 

AE

ASME VIII I CD AE 

ANSI B31.1 I CD AE

C--
i,

Updated 
FSAR 
Section
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TABLE 3.2-2 
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SEISMIC AND SAFETY CLASSIFICATIONS FLUID SYSTEMS AND COMPONENTS 

ANS Principal 
Safety Design/Const. Code Seismic 

onents Class Codes/Stds, Class Category Buildine 

AMCA CD 

SMACNA CD

REVISION 4

(11) Supplier 

AE 

AE

Notes (14) 

See Note 
20.

Control Room Complex Normal 
Makeup Air Subsystem 

Fans 

Dampers 

Intake Piping 

Control Room Emergency 
Filtration Subsystem 

9.4.2 Fuel Storage Building 
Ventilation System 

Ventilation Fans 

Dampers 

Ductwork

3 

3 

3

ARCA 

AMCA 

ANSI B31.1

- AMCA 

3 AMCA 

- SSMACNA

Updated 
FSAR 
Section

NNS 
1A

AE 

AE 

AE See Note 
19.

CD 

CD 

CD/YD 

FB 

FB 

FB

AE 

AE 

AE
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rules of ASME B&PV Code, Section XI, "In-Service 

Inspection of Nuclear Power Plant Components." 

2. Piping Systems Containing Moderate-Energy Fluids 

(a) Piping systems containing moderate-energy fluids are 
designed to comply with the criteria applied to high
energy fluid piping systems, as stated above, except that 
the piping is postulated to develop a limited-size 
through-wall leakage crack instead of a pipe break.  

(b) For each postulated leakage condition, design measures 
are provided that will provide protection from the 
effects of the resulting water spray and flooding.  

3. Exceptions 

Measures for protection against pipe whipping or jet 
impingement resulting from the breaks postulated in Subsection 

3.6(B).2 are not provided for piping where any of the following 
applies: 

(a) Piping is physically separated or isolated from any 
essential system or component necessary for plant safety 
or shutdown by means of barriers, or is restrained from 
whipping by plant design features such as encasement.  

(b) The broken pipe cannot cause unacceptable damage to any 
essential system or component.  

(c) The energy associated with the whipping pipe can be 
demonstrated to be insufficient to impair to an 
unacceptable level the safety function of an essential 
system or component. For example, a whipping pipe is 
considered unable to rupture an impacted pipe of equal or 
larger nominal pipe size and equal or heavier wall 
thickness.  

3.6(B).1.2 Description 

High energy lines located in structures housing components essential for safe 

plant shutdown are listed in Table 3.6(B)-2.  

Relative to possible dynamic effects of pipe failure in the Seabrook plant 

layout, essential systems and components are protected from the dynamic 
effects of rupture of high energy piping primarily by separation and 
redundancy. Routing of high energy lines has been arranged to provide the 

maximum amount of protection by using plant structural elements, such as wall 
or columns, and routing the high energy lines as far as practicable from 

essential components. In cases where separation is not possible, pipe whip

3.6(B)-5
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restraints are used to prevent uncontrolled whipping of the high energy 
piping. Compartments of primary interest are the containment structure, the 
main steam and feedwater pipe tunnels, and the Containment Enclosure Building 
and its attached compartments.  

In the case of the control room, there are no high energy lines in the area which could affect habitability as a result of pipe whip. The main steam and 
feedwater lines on the pipe bridge are separated from the control room by the 
seismic Category I Control Building wall, which has been reinforced to protect the control room environment from postulated breaks in, or whip loads from, 
the main steam and feedwater lines. Control room habitability systems are 
discussed in Section 6.4.  

The high energy lines outside containment whose breaks or cracks could have the greatest effect on environment within the structures housing components 
essential for safe plant shutdown are listed below: 

a. Primary Auxiliary Building 

* Steam generator blowdown lines 

0 Auxiliary steam and condensate lines 

* Chemical and volume control system letdown line 

* Hot water heating lines 

b. Fuel Storage Building 

* Hot water heating lines 

c. Containment Enclosure and Connected Buildings 

* Hot water heating lines 

d. Main Steam and Feedwater Pipe Chase 

* Main steam lines 

* Feedwater :Lines 

e. Diesel Generator Building 

* Hot water heating line 

f. Control Building 

• Hot water heating line

3.6(B)-6
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the pipe, except where pipe whip restraints function to 
limit pipe separation. See Subsection 3.6(N).2.1 for 
exception for RCS piping.  

(b) Longitudinal splits were postulated to occur in high
energy piping four inches or larger nominal pipe size.  
The area of the longitudinal split was assumed to be 

equal to the flow area of the pipe, and the split was 
assumed to be parallel to the axis of the pipe. Jet 
impingement analysis was based on a rectangular break 2Di 
long by wDi/8 wide where Di = pipe inside diameter.  
Breaks were oriented (but not concurrently) at two 
diametrically opposed points on the piping circumference 
such that the jet reactions produce out-of-plane bending 
of the piping configuration.  

(c) Certain longitudinal break orientations were excluded 
on the basis of the state of stress at the location 
considered. Specifically, where the maximum stress 
range in the axial direction is at least one and a half 
times that in the circumferential direction considering 
upset plant conditions, then only a circumferential 
break was postulated.  

(d) Longitudinal breaks were not postulated to occur in 
piping at terminal ends.  

2. Moderate Energy Piping 

Through-wall leakage cracks were postulated to occur in 
moderate energy piping larger than one inch nominal pipe 
diameter, and to have openings of one-half pipe diameter by 
one-half the pipe wall thickness.  

d. Jet Impingement Force Criteria 

The criteria used to evaluate jet impingement forces are described 
in Appendix 3C, Procedure for Evaluation of Jet Impingement Loads 
from High Energy Piping Failures. After jet forces imposed on 
structures or equipment have been determined, the capacity of 

the structures or equipment to support these loads without damage 
is investigated using conservative methods. Jet impingement loads 
are considered to be faulted condition loads and are so evaluated.  

3.6(B).2.2 Analytical Methods to Define Forcing Functions and Response 
Models 

This section presents a description of the methods used to define forcing 
functions and response models for pipe whip analysis. For RC Loop piping, see 
Subsection 3.6(N).2.2.

3.6(B)-12
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3.6(B).3 References 
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(Calculation 9763-C-OI-ST-OO-F) Rev. 1 dated September, 1976, United 
Engineers & Constructors Inc.  

2. Moody, F.J., "Prediction of Blowdown Thrust and Jet Forces," Paper 
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3. Final Rule Modifying 10 CFR 50 Appendix A, GDC-4 dated October 27, 
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TABLE 3.6(B)-I 

ESSENTIAL COMPONENTS LOCATED OUTSIDE CONTAINMENT POTENTIALLY 
SUSCEPTIBLE TO EFFECTS OF PIPING FAILURE

Component Component Number Location

Residual Heat Removal Pumps 

Safety Injection Pumps 

Chemical and Volume Control 
Charging Pumps 

Primary Component Cooling 
Water Pumps 

Emergency Feedwater Pumps

RH-P-8A 
RH-P-8B 

SI-P-6A 
SI-P-6B 

CS-P-2A 
CS-P-2B 

CC-P-I-IA 
CC-P-IIB 
CC-P-IIC 
CC-P-lID 

FW-P-37A 

FW-P-37B

Primary Auxiliary Building 
Primary Auxiliary Building 

Primary Auxiliary Building 
Primary Auxiliary Building 

Primary Auxiliary Building 
Primary Auxiliary Building 

Primary Auxiliary Building 
Primary Auxiliary Building 
Primary Auxiliary Building 
Primary Auxiliary Building 

Emergency Feedwater Pump
house 

Emergency Feedwater Pump
house

Condensate Storage Tank

REVISION 7
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TABLE 3.6(B)-2 
(Sheet 1 of 13) 

HIGH ENERGY LINES

REVISION 7

Safety 
Line No. Class

Essential 
Function Size Yes No P&ID

1-1 
1-2 
2-1 
3-1 
4-1 
4-2 
5-1 
6-1 
7-1 
7-2 
8-1 
9-1 

10-1 
10-2 
11-1 
12-1 
13-1 
21-1 
48-1 

48-2 
48-3 
49-1 

58-1 
74-1 
75-1 
76-1 
80-1 
80-2 
80-6 
80-15 
93-1 
94-1 
96-1 
97-1 
97-2 

98-1 
155-5 

155-17

Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Primary 
Reactor 
Reactor 
Reactor 

Reactor 
Reactor 
Reactor 

Reactor 
Reactor 
Reactor 
Reactor 
Reactor 
Reactor 
Reactor 
Reactor 
Reactor 
Reactor 
Reactor 
Reactor 
Reactor

Reactor Coolant 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat Removal

29 
31 
31 

27h 
29 
31 
31 

27½ 
29 
31 
31 

27; 
29 
31 
31 

27½ 
12 
4 
4

Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Loop 
Coolant 
Coolant 
Coolant 

Coolant 
Coolant 
Coolant 

Coolant 
Coolant 
Coolant 
Coolant 
Coolant 
Coolant 
Coolant 
Coolant 
Coolant 
Coolant 
Coolant 
Coolant 
Coolant

RC-20841 
RC-20841 
RC-20841 
RC-20842 
RC-20842 
RC-20842 
RC-20842 
RC-20842 
RC-20843 
RC-20843 
RC-20843 
RC-20843 
RC-20844 
RC-20844 
RC-20844 
RC-20844 
RC-20841 
RC-20841 
RC-20843, 
20846 
RC-20846 
RC-20846 
RC-20843, 
20846 
RC-20844 
RC-20846 
RC-20846 
RC-20846 
RC-20846 
RC-20846 
RC-20846 
RC-20846 
RC-20841 
RC-20842 
RC-20843 
RC-20843 
RC-20843, 
CS-20722 
RC-20844 
RH-20662, 
SI-20450 
SI-20450

6 
4 

14 

12 
6 
6 
6 
6 
3 
3 
6 
2 
2 
2 
3 
3 

2 
6 

10

1 158-3 2 8 X RH-20663
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TABLE 3.6(B)-2 
(Sheet 2 of 13) 

HIGH ENERGY LINES

REVISION 7

Safety 
Line No. Class

Essential 
Function Size Yes No P&ID

2 

1

158-17 

160-6 

160-17 
162-2 

162-5 

163-1 

163-2 

163-4 

163-5 

177-1 

180-2 

180-3 

180-5 

201-1 
201-2 

202-1 
202-2 

203-1 
203-2 

204-1 
204-2 

232-1 
232-2 
234-1

Inj ection 
Inj ection 
Inj ection

158-4 

158-5

6 

6

10 

6 

12 
6 

10 

6 

6 

10 

6 

2 

8

Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Removal 
Residual Heat 
Removal 
Safety Injection 
Safety Injection 

Safety Injection 
Safety Injection 

Safety Injection 
Safety Injection 

Safety Injection 
Safety Injection

Safety 
Safety 
Safety

x 

x 

x 

x 

x 
x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

x 
x 

x 
x 

x 
x

x 
x 
x

RH-20663 

RH-20663 
SI-20450 
SI-20450 

RH-20663 
RC-20844 
RC-20844 
RH-20662 
SI-20450 
SI-20450 

RH-20663 

RH-20663 
SI-20450 
SI-20450 

RH-20663 

RH-20662 
CS-20722 
RH-20663 

RH-20663 
RC-20841 
RC-20841 

SI-20450 
SI-20450, 
RC-20841 
SI-20450 
SI-20450, 
RC-20841 
SI-20450 
SI-20450, 
RC-20843 
SI-20450 
SI-20450, 
RC-20844 
SI-20450 
SI-20450 
SI-20450

12 

10 
10 

10 
10 

10 
10 

10 
10

2 
2 
2
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TABLE 3.6(B)-2 
(Sheet 3 of 13) 

HIGH ENERGY LINES

REVISION 7

Safety 
Line No. Class

Essential 
Function Size Yes No P&ID-

Safety 
Safety 
Safety 
Safety 
Safety 
Safety 
Safety 
Safety 
Safety 
Safety 
Safety 
Safety 
Safety 
Safety 
Safety 
Safety

Injection 
Injection 
Injection 
Injection 
Injection 
Inj ection 
Injection 
Injection 
Inj ection 
Injection 
Inj ection 
Inj ection 
Injection 
Inj ection 
Injection 
Injection

234-2 
236-1 
236-2 
238-1 
238-2 
240-1 
240-2 
242-1 
242-2 
244-1 
244-2 
246-1 
246-2 
251-3 
251-5 
251-6 

251-7 

256-3 
256-4 

258-1 
258-2 

259-3 

260-2 

261-2 
261-3 
261-4 

270-2 

272-2 
272-3 
272-4 
272-5 

272-9 
273-1 
273-5

Safety 
Safety 
Safety

Injection 
Injection 
Injection

Safety Injection

Safety 
Safety 
Safety 
Safety 

Safety 
Safety 
Safety

Injection 
Injection 
Injection 
Injection 

Injection 
Injection 
Injection

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x

x 
x 
x

Safety Injection 

Safety Injection 
Safety Injection 

Safety Injection 

Safety Injection 

Safety Injection 

Safety Injection

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
3 

6 

2 
2 

2 
2 

2 

2 

2 
3 
6 

2 

4 
3 
3 

1i 

4 
1½ 
3

SI-20450 
SI-20450 
SI-20450 
SI-20450 
SI-20450 
SI-20450 
SI-20450 
SI-20450 
SI-20450 
SI-20450 
SI-20450 
SI-20450 
SI-20450 
SI-20446 
SI-20446 
SI-20446 

SI-20446, 
RC-20843 
SI-20446 
SI-20446, 
RH-20663 
SI-20446 
SI-20446, 
RH-20663 
SI-20446, 
RH-20662 
SI-20446, 
RH-20662 
SI-20448 
SI-20448 
SI-20446, 
RC-20842 
SI-20446, 
RH-20663 
SI-20447 
SI-20447 
SI-20447 
SI-20447, 
RC-20841 
SI-20447 
SI-20447 
SI-20447
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TABLE 3.6(B)-2 
(Sheet 4 of 13) 

HIGH ENERGY LINES

Safety 
Line No. Class

Essential 
Function Size Yes No P&ID

Safety Injection

Inj ection 
Inj ection 
Inj ection 
Vol Control 
Vol Control 
Vol Control 
Vol Control

274-1 

274-5 
275-4 
275-6 
318-1 
318-2 
318-9 
324-1

l 
i

1½ x

1 

2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

1 

2 
2 

1 

2 

1 

1 
2 
2 

2 

2 2 

2 
2 

2 
2 
2 

2 

2 
2 
2 
2

Safety 
Safety 
Safety 
Chem & 
Chem & 
Chem & 
Chem & 

Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 

Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem & 
Chem &

Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 

Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control

325-1 
326-1 
327-1 
327-2 
328-1 
328-2 
328-3 
328-6 
328-7 
329-1 
329-4 
329-5 
330-1 
330-4 
330-5 
331-1 
331-4 
331-5 
348-1 
354-1 
355-1 

355-6 
356-1 
356-2 
358-1 
358-2 
358-3 
360-1 
360-2 
360-3 
360-4 
360-5 
360-6

Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 

Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol

3 
1½ 

3 
3 
2 
2 
3 

2 
2 
3 
2 
2 
3 
2 
2 
1½ 

2 
2 
1½ 

2 
2 

1I 
2 
2 
1½ 

3 
3 
3 

3 
4 
3 
2 
3 
2 
3 
2 
2 
3 
2 
2

SI-20447, 
RC-20844 
SI-20447 
SI-20447 
SI-20447 
CS-20722 
CS-20722 
CS-20722 
CS-20722, 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 
CS-20726 

X CS-20724 
X CS-20724 

CS-20722, 
CS-20725 
CS-20722 
CS-20725 
CS-20725 
CS-20725 
CS-20725 

X CS-20725 
CS-20722 
CS-20722 
CS-20722 
CS-20722 
CS-20722 
CS-20722
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TABLE 3.6(B)-2 
(Sheet 5 of 13) 

HIGH ENERGY LINES

REVISION 7

Safety 
Line No. Class

Essential 
Function Size Yes No P&ID

Cheju 
Cheju 
Cheju 
Cheju 
Cheju 
Chem 
Cheju 
Cheju 
Cheju 
Cheju 
Cheju 
Cheju 
Cheju 
Cheju 
Cheju

& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
& 
&

Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol 
Vol

Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control

Cheju & Vol Control 
Chem & Vol Control

360-7 
360-8 
360-9 
360-25 
360-26 
361-1 
362-1 
363-1 
363-2 
363-3 
364-1 
364-2 
364-9 
365-1 
365-2 

366-1 
366-2 

367-1 
368-1 
368-2 
374-1 
376-1 
431-1 

431-2 
432-1 
432-2 

525-1 
525-2 
525-3 
526-1 
526-2 
526-8 
526-9 

526-10 
526-13 

534-1 
1301-1 
1301-2

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 

2 
1 

2 
2 
1 
2 

NNS 
2 

2 
2 
2 

NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 

2 
2

Vol 
Vol 
Vol 
Vol 
Vol 
Vol

Control 
Control 
Control 
Control 
Control 
Control

Vol Control 
Vol Control 
Vol Control

Cheju & Vol Control 
Cheju & Vol Control 
Cheju & Vol Control 
Cheju & Vol Control 
Cheju & Vol Control 
Cheju & Vol Control 
Cheju & Vol Control 
Cheju & Vol Control 
Chej & Vol Control 
Chej & Vol Control 
Steam Gen Blowdown 
Steam Gen Blowdown

3 
4 
3 
3 
3 
2 
4 
2 
3 
2 
4 
3 

1½ 
2 
2 

3 
3 

2 
3 
3 
4 
3 
3 

4 
4 
3 

4 
3 
3 
2 
2 
1½ 
1h 

3 
2½ 

3 
2 
3

CS-20722 
CS-20722 
CS-20722 
CS-20722 
CS-20722 
CS-20722 
CS-20725 
CS-20725 
CS-20725 
CS-20725 
CS-20725 
CS-20725 
CS-20725 
CS-20725 
CS-20722 
RC-20846 
CS-20722 
CS-20722 
RC-20841 
CS-20725 
CS-20722 
CS-20722 
CS-20725 

X CS-20724 
CS-20727 
CS-20722 
CS-20727 
CS-20727 
CS-20727 
CS-20722 

x CS-20724 
x CS-20724 
x CS-20724 
x CS-20724 
x CS-20724 
x CS-20724 
x CS-20724 
X CS-20724 
X CS-20724 
X CS-20724 

RC-20841 
RC-20841, 
SB-20626

Cheju 
Cheim 
Chejn 
Cheju 
Cheju 
Chejn 

Cheju 
Cheju 
Cheju

& 
& 
& 
& 
& 
& 

& 
& 
&
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HIGH ENERGY LINES

Safety 
Line No. Class

1301-3 
1301-4 
1301-5 
1301-16 
1301-22 
1301-23 
1303-1 
1304-1 
1304-2 

1304-3 
1304-4 
1304-5 
1304-17 
1304-24 
1304-25 
1306-2 
1307-1 
1307-2 

1307-3 
1307-4 
1307-5 
1307-17 
1307-22 
1307-23 
1309-2 
1310-1 
1310-2 

1310-3 
1310-4 
1310-5 
1310-16 
1310-22 
1310-23 
1312-2 
1317-1 
1317-7 
1319-1 

I 1320-1 
1320-2

2 
2 

NNS 
NNS 
NNS 
NNS 

2 
2 
2 

2 
2 

NNS 
NNS 
NNS 
NNS 

2 
2 
2 

2 
2 

NNS 
NNS 
NNS 
NNS 

2 
2 
2 

2 
2 

NNS 
NNS 
NNS 
NNS 

2 
NNS 
NNS 
NNS 
NNS 
NNS

Essential 
Function Size

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam

Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 

Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 

Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 

Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen 
Gen

Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 

Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 

Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 

Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown 
Blowdown

2 
3 
3 
3 
1½ 

4 
2 
2 
3 

2 
3 
3 
3 
1½ 

4 
2 
2 
3 

2 
3 
3 
3 
1½ 

4 
2 
2 
3 

2 
3 
3 
3 

1½ 
4 
2 
10 
14 
10 

8 
3

Yes No P&ID

x 
x 
x 
x 

x 
x 
x 
x

x 
x 
x 

x 
x 

x

x 
x 
x 
x

x 
x 
x 
x 

x 
x 
x 
x 
x

SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
RC-20841 
RC-20842 
RC-20842, 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
RC-20842 
RC-20843 
RC-20843, 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
RC-20843 
RC-20844 
RC-20844, 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
RC-20844 
SB-20626 
SB-20626 
SB-20626 
SB-20626 
SB-20626
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HIGH ENERGY LINES

REVISION 7 1

Safety 
Line No. Class

Essential 
Function Size Yes No P&ID

1320-8 
1321-1 
1321-4 
1350-3 
2302-2 

2302-5 
2302-8 
2302-14 
2302-16 
2302-19 
2302-30 
2302-32 

2303-1 
2303-2 
2303-3 
2303-5 
2303-6 
2304-1 
2304-2 
2304-3 
2306-1 
2306-2 
2306-4 
2306-5 
2309-1 
2309-2 
2339-1 
2339-2 
2341-1 
2341-4 
2341-5 
2364-1 
2365-6 
2366-1 
2401-1 
2401-2 
2401-3 
2401-4 
2402-2 
2402-3 
2403-1

Steam Gen 
Steam Gen 
Steam Gen 
Steam Gen 
Aux Steam

Blowdown 
Blowdown 
Blowdown 
Blowdown

NNS 
NNS 
NNS 
NNS 
NNS 

NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 

NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS

4 
3 
4 
10 

8

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X

SB-20626 
SB-20626 
SB-20626 
SB-20626 
AS-20570, 
AS-20569 
AS-20570 
AS-20570 
AS-20571 
AS-20571 
AS-20570 
AS-20571 
AS-20570, 
AS-20571 
AS-20570 
AS-20570 
AS-20570 
AS-20570 
AS-20570 
AS-20570 
AS-20570 
AS-20570 
AS-20570 
AS-20570 
AS-20570 
AS-20570 
AS-20571 
AS-20571 
AS-20571 
AS-20571 
AS-20571 
AS-20571 
AS-20571 
AS-20570 
AS-20570 
AS-20570 
ASC-20906 
ASC-20906 
ASC-20906 
ASC-20906 
ASC-20906 
ASC-20906 
ASC-20906

4 
4 
2 
2 
4 
4 
8

Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 

Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam

Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate

6 
4 
4 
2 
3 
3 
1½ 

3 
8 
4 
8 
10 

2 
2 
1½ 
1½ 
1½ 

2 
1½ 

3 
2 
2 

2h 
3 

2h 
1½ 

2 
3 
1½
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HIGH ENERGY LINES

REVISION 7

Safety 
Line No. Class

Essential 
Function Size Yes No P&ID

2404-1 
2404-2 
2404-3 
2404-4 
2404-5 
2404-6 
2404-8 
2406-1 

2406-2 
2406-3 
2406-4 
2406-5 
2407-4 
2409-4 
2410-1 
2410-4 
2433-1 
2433-2 
2433-3 
2433-4 
2437-1 
2437-2 
2437-3 
2437-4 
2438-2 
2439-1 
2439-2 
2439-7 
2440-1 
2441-1 
2441-2 
2441-4 
2441-7 
2442-1 
2442-2 
2450-1 
2450-2 
2451-1 
4000-1 

4000-2 
4000-3

NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 

NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 

2 

2 
NNS

Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 

Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux 
Aux

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam

Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 

Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate 
Condensate

1½ 
3 
3 
6 
3 
1½ 

3 
4 

6 
4 
3 
3 
1½ 
1½ 

2 
1½ 

2 
14 
1¼ 
14 
2½ 

3 
2½ 
1½ 

2 
1½ 
1½ 
1½ 
1½ 
1½ 
1½ 

2 
1½ 

2 
2 
1¼ 
1h 
1½ 
32 

30 
30

X 

X

X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906, 

ASC-20907 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20907 
X ASC-20907 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20907 
X ASC-20906 
X ASC-20907 
X ASC-20907 
X ASC-20907 
X ASC-20907 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 
X ASC-20906 

MS-20580, 
MS-20583 
MS-20580 

X MS-20583

Mainsteam 

Mainsteam 
Mainsteam
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HIGH ENERGY LINES

REV ISION 7 [

Safety 
Line No. Class

Essential 
S izeFunction 

Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 

Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mai.nsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 

Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 

Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 
Mainsteam 

Mainsteam 
Mainsteam

Ye__s No P&ID

4000-8 
4000-11 
4000-32 
4000-34 
4000-40 
4000-41 

4000-48 
4001-1 
4001-2 
4001-3 
4001-8 
4001-11 
4001-32 
4001-34 
4001-39 
4001-41 

4001-46 
4002-1 
4002-2 
4002-3 
4002-9 
4002-30 
4002-32 
4002-36 
4002-37 

4002-41 
4003-1 
4003-2 
4003-3 
4003-9 
4003-30 
4003-32 
4003-36 
4003-37 

4003-41 
4004-1

2 
2 
2 
2 
2 
2 

2 
2 
2 

NNS 
2 
2 
2 
2 
2 
.2 

2 
2 
2 

NNS 
2 
2 
2 
2 
2 

2 
2 
2 

NNS 
2 
2 
2 
2 
2 

2 
NNS

6 
6 
6 
6 

30 
30 

2 
32 
30 
30 

6 
6 
6 
6 

.30 
30 

2 
32 
30 
30 
6 
6 
6 

30 
30 

2 
32 
30 
30 
6 
6 
6 

30 
30 

2 
48

MS-20580 
MS-20580 
MS-20580 
MS-20580 
MS-20580 
MS-20580, 
MS-20583 
MS-20580 
MS-20581 
MS-20581 

X MS-20583 
MS-20581 
MS-20581 
MS-20581 
MS-20581 
MS-20581 
MS-20580, 
MS-20583 
MS-20581 
MS -205.81 
MS-20581 

X MS-20583 
MS-20581 
MS-20581 
MS-20581 
MS-20581 
MS-20581 
MS-20583 
MS-20581 
MS-20580 
MS-20580 

X MS-20580 
MS-20580 
MS-20580 
MS-20580 
MS-20580 
MS-20580 
MS-20583 
MS-20580 

X MS-20583
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HIGH ENERGY LINES

REVISION 7

Safety 
Line No. Class

4005-1 

4006-1 
4006-2 

4007-1 
4007-2 

4008-1 
4008-2 

4009-1 
4009-2 

4010-1 

4010-33 
4366-1 
4367-1 
4368-1 
4369-1 
4454-1 
4510-3 
4511-3 
4511-5 
4513-3 
4513-4 
4515-3 
4515-4 
4517-3 
4517-4 
4519-3 
4519-4 
4606-2 
4606-3 
4606-4 
4606-12 
4606-15 

4607-2 
4607-3 
4607-4

NNS 

NNS 
NNS 

NNS 
NNS 

NNS 
NNS 

NNS 
NNS 

NNS 

NNS 
3 
3 
3 
3 

NNS 
NNS 
NNS 
NSS 
NNS 
NNS 
NNS 
NSS 
NNS 
NNS 
NNS 
NNS 
NNS 

2 
2 
2 
2 

NNS 
2 
2

Essential 
SizeFunction 

Mainsteam 

Mainsteam 
Mainsteam 

Mainsteam 
Mainsteam 

Mainsteam 
Mainsteam 

Mainsteam 
Mainsteam 

Mainsteam

Mainsteam 
Diesel Generator 
Diesel Generator 
Diesel Generator 
Diesel Generator 
Mainsteam 
Mainsteam Drain 
Mainsteam Drain 
Mainsteam Drain 
Mainsteam Drain 
Mainsteam Drain 
Mainsteam Drain 
Mainsteam Drain 
Mainsteam Drain 
Mainsteam Drain 
Mainsteam Drain 
Mainsteam Drain 
Feedwater 
Feedwater 
Feedwater 
Feedwater 
Feedwater 

Feedwater 
Feedwater 
Feedwater

Air 
Air 
Air 
Air

24 

30 
6 

30 
6 

30 
6 

30 
6 

24 

6 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

18 
18 
16 

2 
4 

18 
18 
16

Yes No P&ID

X MS-20583, 
MS-20585

x 
x 

x 
x 

x 
x 

x 
x

MS-20583 
MS-20583 

MS-20583 
MS-20583 

MS-20583 
MS-20583 

MS-20583 
MS-20583

X MS-20583 
MS-20585 

X MS-20583 
DG-20460 
DG-20460 
DG-20465 
DG-20465 

"X MS-20587 
"X MS-20587 
"X MS-20587 
"X MS-20587 
"X MS-20587 
X MS-20583 
"X MS-20587 
"X MS-20583 
"X MS-20587 
X MS-20583 
X MS-20587 
X MS-20583 
X FW-20686 

FW-20686 
FW-20686 
FW-20686 
FW-20686, 
FW-20688 

X FW-20686 
FW-20686 
FW-20686
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HIGH ENERGY LINES

REVISION 7

Safety 
Line No. Class

Essential 
SizeFunction 

Feedwater 
Feedwater 
Feedwater 
Feedwater 
Feedwater 
Feedwater 
Feedwater 
Feedwater 
Feedwater 
Feedwater 

Feedwater 
Feedwater 
Feedwater 
Feedwater 
Aux Steam 
Aux Steam 
Aux Steam 
Aux Steam 
Aux Steam 
Aux Steam 
Aux Steam 
Aux Steam 
Aux Steam 

Aux Steam 
Aux Steam 
Aux Steam

4607-12 
4608-2 
4608-3 
4608-4 
4608-12 
4609-2 
4609-3 
4609-4 
4609-12 
4609-15 

4614-2 
4615-2 
4616-2 
4617-2 
5198-1 
5198-2 
5198-3 
5198-8 
5198-9 
5198-11 
5198-13 
5198-18 
5198-20

2 
NNS 

2 
2 
2 

NNS 
2 
2 
2 
2 

2 
2 
2 
2 

NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 

3 
3 

NNS 
NNS 
NNS 

NNS 
NNS 
NNS 
NNS 
NNS 
NNS

Condensate 
Heat 
Condensate 
Condensate 
Heat 
Heat

2 
18 
18 
16 

2 
18 
18 
16 

2 
4 

4 
4 
4 
4 

12 
2 
2 

12 
2 
2 
1½ 
12 
12 

1½ 
12 

6 

2 
191 

3 
2 

2h 
14

Yes No P&ID

FW-20686 
X FW-20686 

FW-20686 
FW-20686 
FW-20686 

X FW-20686 
FW-20686 
NV-20686 
FW-20686 
FW-20686, 
FW-20688 
FW-20686 
FW-20686 
FW-20686 
FW-20686 

x AS-20569 
X AS-20569 
X AS-20569 
x AS-20569 
X AS-20569 
x AS-20569 
x AS-20569 

AS-20569 
AS-20569

x 
x 
x 

x 
x 
x 
x 
x 
x

AS-20569 
AS-20569 
ASC-20908, 
ASC-20909, 
ASC-20906 
ASC-20908 
ASC-20908 
ASC-20906 
ASC-20906 
ASC-20906 
ASC-20908

Steam 
Steam 
Steam 
Steam 
Steam 
Steam

5198-21 
5198-22 
5230-1 

5231-1 
8751-1 
8757-1 
8757-2 
8757-5 
8767-1

Aux 
Aux 
Aux 
Aux 
Aux 
Aux
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HIGH ENERGY LINES

REVISION 7

Safety 
Line No. Class

Essential 
Function Size Yes No P&ID

8863-1 
8864-1 
8864-2 

I 9000-1 
9001-1 
9001-2 
9002-1 
9003-1 
9004-1 
9006-1 
9007-1 
9008-1 
9009-1 
9011-1 
9012-1 
9013-1 
9014-1 
9015-1 
9022-1 
9023-1 
9024-1 
9025-1 
9026-1 
9027-1 
9030-1 
9030-2 

I 9042-1 
9043-1 
9044-1 
9045-1 
9050-1 
9051-1 
9052-1 
9053-1 
9054-1 
9072-1 
9200-1 
9201-1 
9202-1 
9208-1 
9209-1 
9210-1

NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS

Aux 
Aux 
Aux 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot 
Hot

Steam 
Steam 
Steam 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water

Condensate 
Condensate 
Condensate 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Return 
Return 
Return 
Return 
Return 
Return

2 
2k 

2 
6 
6 
3 
4 
4 
1¼ 
2 
4 
4 

14 
2 

1½ 
2 

1½ 
2 
4 
4 
4 
4 
4 
4 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

6 
4 
4 
4 
2 
2

ASC-20906 
ASC-20906 
ASC-20906 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20056 
HW-20056 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HW-20051 
HWR-20051 
HWR-20051 
HWR-20051 
HWR-20051 
HWR-20051 
HWR-20051
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TABLE 3.6(B)-2 
(Sheet 13 of 13) 

HIGH ENERGY LINES

REVISION 7

Safety 
Line No. Class

Essential 
Function Size

Water 
Water 
Water 
Water

Return 
Return 
Return 
Return

Water Return 
Water Return 
Water Return 
Water Return 
Water Return 
Water Return 
Water-Return

9211-1 
9212-1 
9213-1 
9214-1 
9215-1 
9216-1 
9217-1 
9218-1 
9219-1 
9220-2 
9220-3 

9221-3 
9222-3 
9223-2 
9223-3 
9268-3 
9270-2 
9270-3 
9271-2 
9271-6 
9272-3 
9273-3 
9274-3 
9275-3 
9826-1 
9830-1 
9831-1 
9832-1 
9833-1 
9834-3 
9835-1 
9835-4 
9836-3 
9849-1 
9849-7 
9850-3 
9851-3

2 
2 
2 
4 
2 
2 
2 
2 
2 
12 
2

NNS 
NNS 
NNS 
NNS 

NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 

NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS 
NNS

Hot: 
Hot: 
Hot: 
Hot: 

Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 

Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot: 
Hot:

x 
x 
x .x 
x 
x 
x 
x 
x 
x 
x

HWR-20051 
HWR-20051 
HWR-20051 
HWR-20051 
HWR-20051 
HWR-20051 
HWR-20051 
HWR-20051 
HWR-20051 
HWR-20056 
HWR-20051, 
HWR-20056 
HWR-20056 
HWR-20056 
HWR-20056 
HWR-20056 
HW-20056 
HW-20056 
HW-20056 
HW-20052 
HW-20052 
HW-20052 
HW-20052 
HW-20052 
HW-20052 
HW-20056 
HW-20056 
HW-20056 
HW-20056 
HW-20056 
HW-20056 
HW-20056 
HW-20056 
HW-20056 
HW-20052 
HW-20052 
HW-20052 
HW-20052

Yes No P&ID

Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water

Return 
Return 
Return 
Return 
Return 
Return 
Return 
Return 
Return 
Return 
Return 
Return 
Return 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply 
Supply

1½ 
1½ 
1¼ 
1½ 
1½ 
1½ 
1¼ 
1½ 
1½ 
1½ 
1½ 
1½ 
1½ 
1h 
1½ 
1½ 
1½ 
1½ 
1½ 
1½ 
1½ 
1½ 
1½ 
1½ 
1½
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3.9(B).2.3 Dynamic Response Analysis of Reactor Internals under 
Operational Flow Transients and Steady-State Conditions 

Refer to Subsection 3.9(N).2.3.  

3.9(B).2.4 Preoperational Flow-Induced Vibration Testing of Reactor 
Internals 

Refer to Subsection 3.9(N).2.4.  

3.9(B).2.5 Dynamic System Analysis of the Reactor Internals under Faulted 
Conditions 

Refer to Subsection 3.9(N).2.5.  

3.9(B).2.6 Correlations of Reactor Internals Vibration Tests with the 
Analytical Results 

Refer to Subsection 3.9(N).2.6.  

3.9(B).3 ASME Code Class 1, 2 and 3 Components, Component Supports and 
Core Support Structures 

3.9(B).3.1 Loading Combinations, Design Transients, and Stress Limits 

The load combinations and the design stress limits associated with the plant 
operating conditions which are applied to the design and analysis of the ASME 
III Code-constructed items, other than the NSSS items, are defined herein.  
The plant conditions considered were normal operation, postulated accidents 
and specified seismic events. Design transients are further discussed in 
Subsection 3.9(B).1.1. The requirements of ANSI/ANS-51.1-1983 have been 
satisfied by use of plant conditions and allowable stress limits imposed on 
active and nonactive components.  

For the non-ASME component members (other than bolts) of the ASME III Code
constructed items, the design criteria limit the principal stresses to 0.6 Fy 
for the plant upset conditions, and to 0.9 Fy for the plant faulted condition.  
Refer to Subsection 3.9(B).3.4c for the bolt design criteria.  

a. Valves, Pumps, Heat Exchangers, and Tanks 

The loading conditions considered (where applicable) for the design 
of ASME Class 1, 2 and 3 components included, but were not limited 
to, loading effects resulting from: 

1. Internal and external pressure

3.9(B)-15
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2. Dead load, i.e., weight of the component and normal contents, 
including additional pressure due to static and dynamic head of 
liquid 

3. Superimposed loads caused by other components, such as nozzle 
loads 

4. Environmental loads, wind loads, snow loads, and seismic loads 
for both an OBE and a SSE 

5. Valve thrust and moments 

6. Thermal and thermal transients (for Class 1 components only).  

The loading combinations considered (where applicable) in the design 
and analysis of the ASME Code Class 1, 2 and 3 and certain non-Code 
safety-related components were categorized with respect to plant 
operating conditions defined as normal, upset, emergency and faulted 
conditions, as identified in Table 3.9(B)-3. The corresponding 
stress limits for each category of plant operating condition are 
presented in Table 3.9(B)-4 for nonactive pumps, Table 3.9(B)-5 for 
nonactive valves, Table 3.9(B)-6 for nonactive Class 1 valves and 
Table 3.9(B)-7 for ASME Code Class 2 and 3 pressure vessels and 
storage tanks. The stress limits for active pumps and valves are 
discussed in Subsection 3.9(B).3.2. The stress limits established 
for the various components are sufficiently low so that violation of 
the pressure boundary will not occur.  

b. Piping Systems. Including In-Line Valves 

The safety-related piping systems have been designed to satisfy the 
appropriate stress limits of the ASME III Code and those of 
Regulatory Guide 1.48, as delineated below: 

1. For those piping systems that constitute a portion of the 
reactor coolant pressure boundary and have been designated as 
ASME III, Class 1 lines, the load combinations and stress 
limits for various plant operating conditions are presented in 
Table 3.9(B)-8.  

The following are the ASME Code Class 1 pipes qualified by the 
original A-E, UE&C (see Subsection 3.9(N).1.1 for design 
transient List applicable to Class 1 components): 

Line Line 
Line No. Size Description P&ID 

91-1 il Reactor vessel vent line RC-20845 
91-2 i" Reactor vessel vent line RC-20845

3.9(B)-16
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328-6 2" From seal inject, filters CS-20726 
to RC-P-lA 

328-7 1½" From seal inject, filters CS-20726 
to RC-P-lA 

329-4 2" From seal inject, filters CS-20726 
to RC-P-lB 

329-5 1½" From seal inject, filters CS-20726 
to RC-P-lB 

330-4 2" From seal inject, filters CS-20726 
to RC-P-lC 

330-5 1½" From seal inject, filters CS-20726 
to RC-P-lC 

331-4 2" From seal inject, filters CS-20726 
to RC-P-lD 

331-5 1½" From seal inject, filters CS-20726 
to RC-P-lD 

80-1 6" Pressurizer vent line RC-20846 
80-2 3" Pressurizer vent line RC-20846 
80-15 6" Pressurizer vent line RC-20846 
80-6 3" Pressurizer vent line RC-20846 
74-1 6" Suction line of pressur- RC-20846 

izer relief valve 
75-1 6" Suction line of pressur- RC-20846 

izer relief valve 
76-1 6" Suction line of pressur- RC-20846 

izer relief valve 

Westinghouse has responsibility for Class 1 component core 
support structures and specific Class 1 piping. UE&C has 
responsibility for pressurizer safety relief line, the reactor 
coolant system drain line and Class 1 reactor coolant pump 
seal piping.  

2. For those essential piping systems which have been designated 
as ASME III, Class 2 and 3, and which are required for safe 
shutdown of the reactor, the load combinations and stress 
limits for various plant operating conditions are presented in 
Table 3.9(B)-9.  

3. For those nonessential piping systems which have been 
designated as ASME III Class 2 and 3, but which are not 
required for safe shutdown of the reactor, the load 
combinations and stress limits for various plant operating 
conditions are presented in Table 3.9(B)-10.

3. 9(B) -17
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Definitions of the symbols and notations used in Tables 
3.9(B)-8, 3.9(B)-9 and 3.9(B)-10 are contained in Table 
3.9(B)-lI.  

4. For those piping systems which are non-ASME III, design 
criteria were specified so that structural integrity of such 
systems could be maintained during the most adverse plant 
condition.  

For any of the above piping systems which contained in-line 
components, such as valves, flow elements, strainers, etc., the 
loads imposed on such items by the piping were verified to be less 
than the limits established by the vendor. If operators were 
included on such valves, the seismic accelerations imposed were 
verified to be less than the levels to which the unit was qualified, 
either on a structural integrity criteria for nonactive valves or on 
an operability criteria for active valves. The latter criteria is 
discussed further in Subsection 3.9(B).3.2.  

Analyses of all seismic Category I piping systems have been 
conducted using either the ADLPIPE, ADLPIPE-2 or IMAPS computer 
program. In each of these programs, the mathematical models 
employed to represent the piping system consisted of lumped masses 
interconnected by beam elements whose elastic properties matched 
those of either the piping section, or an in-line component, such as 
a valve. Support elements and equipment attachment points were 
included in such models. Lumped masses, offset from a section 
centerline, were included, when necessary, to model valve operators.  

Structural boundaries of a mathematical model were defined by 
equipment connections, by support system anchors or by restraints 
which formed the boundary between seismic Category I and nonseismic 
Category I piping systems.  

3.9(B).3.2 Pump and-Valve Operability Assurance 

The pumps and valves identified as active, whose operation is relied upon to 
assure safe plant shutdown or mitigate the consequences of an accident, are 
listed in Tables 3.9(B).-26 and 3.9(B)-27, respectively. These active pumps 
and valves are classified as seismic Category I, and are designed to perform 
their intended functions during the life of the plant under all postulated 
plant conditions. The operability of these active pumps and valves is assured 
by adherence to the design limits and supplemental stress requirements 
specified in NRC Regulatory Guide 1.48.  

Safety-related active vaLves are qualified by prototype testing and analysis; 
safety-related active pumps are qualified by analysis and functional test.  
All applicable loads, such as seismic, nozzle and operating loads are 
considered in the test program and the analysis. Operational tests at design 
basis conditions are performed during plant test start-up. All active valves

3.9(B)-18
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The deflection of the impeller relative to the pump 
casing was determined by analysis to be 0.0019 in. This 

translates into a natural frequency of 72 Hz. The pump 
is, therefore, considered rigid and per FSAR commitment, 

seismic operability testing is not required.  

The General Electric-supplied 800 HP Model 5-K 
6339XC179A motor was analyzed by McDonald Engineering 
Analysis Company.  

It is similar to the motor used for service water pump.  

Stress Report #266 established that the motor satisfies 
all of the applicable requirements.  

(f) Diesel Fuel Oil Transfer Pump 

Operability of the diesel fuel oil transfer pump under 
the most adverse applicable combination of normal loads, 

nozzle loads, and seismic loads has been analytically 
demonstrated by the pump manufacturer, Delaval IMO Pump 

Division. The pump assembly consists of a Delaval IM0 
screw-type pump (N3DBS-187) and a Westinghouse electric 

motor mounted on a common bedplate.  

The natural frequency of the unit was calculated; the 
fundamental natural frequency was determined as 228 Hz.  

Static analysis was used to determine the structural 

responses and the resulting stresses; deflections are 

summarized in Table 3.9(B)-20.  

The Westinghouse supplied 2 HP, Type T, fan-cooled AC 
motor was analyzed by Westinghouse Medium Motor & 
Gearing Division. Westinghouse Qualification Document 
MM-9112 and Certification letter dated February 13, 1981 

assure that the motor satisfies all of the applicable 

requirements. The seismic analysis report is available 
for review at the Westinghouse Medium Motor & Gearing 
Division.  

d. Operability Assurance Program Results for Active Valves 

The results of seismic tests and analysis on active 
valves are provided in the document entitled, "Public 
Service Company of New Hampshire, Seabrook Station Units 
1 & 2, Seismic Qualification Review Team (SQRT) 
Equipment List," which was forwarded to Mr. Frank J.  

Miraglia, Chief Licensing Branch #3, Division of 

Licensing, under cover of PSNH's letter, dated May 27, 
1982.

3.9(B)-27
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3.9(B).3.3 Design and Installation Details for Mounting of Pressure 
Relief Devices 

The installation and design of pressure relief devices comply with the rules 
of ASME III, Paragraph NB-7000, and NRC Regulatory Guide 1.67.  

a. Overpressure Protection for Reactor Coolant Pressure Boundary (RCPB) 

The pressurizer in the Reactor Coolant System is provided with three 
safety valves and two power-operated relief valves for overpressure 
protection. These valves discharge through a closed piping system 
to the pressurizer relief tank, where the steam is condensed and 
cooled by mixing with water. The piping system and supports are 
designed to satisfy the following design criteria: 

1. Stress limits for load combinations listed in Table 3.9(B)-8 
for safet:y Class 1 piping from the pressurizer to the safety 
and relief valves 

2. Stress limits for load combinations listed in Table 3.9(B)-9 
for nonsafety class piping downstream of the safety and relief 
valves to the pressurizer relief tank 

3. Load limits on pressurizer vessel nozzles as established by 
the manufacturer of the pressurizer vessel 

4. Load limits on valve connections as established by the manu
facturer of the valves.  

The three safety valves are mounted on the pressurizer nozzles with 
the short inlet pipe and elbow necessary to position the valves 
vertically. The total length of pipe, elbow and weld-neck flange is 
approximately 24 inches and is as short as possible to minimize the 
pressure drop on the inlet side of the valve.  

When the valves open, the dynamic effects from the flow of water and 
steam are included in the design analysis.  

These transient load effects on the piping system, upstream and 
downstream of the safety and relief valves, have been evaluated in 
the following manner: 

1. Safety Valve Piping System 

A static analysis was performed for the Safety Valve Piping 
System in which the peak transient loads obtained from a 
RELAP 5 analysis and multiplied by a dynamic load factor (DLF) 
were applied. The Pressurizer Safety Valve Piping System 
contains no water seals nor is subjected to water slugs.
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2. Pressurizer Relief Valve Piping System 

Both static and time history analyses were performed for the 
Pressurizer Relief Valve Piping System using transient loads 
obtained from a RELAP 5 analysis. The Pressurizer Relief 
Valve Piping System contains water seals and is subjected to 
water slugs. The effects of these two items were fully 
accounted for in the RELAP 5 analysis.  

The REIAP 5 computer code, (Reference 1), was used to generate 
thermal hydraulic characteristics of the flow along the piping 
system, from which tables of the wave force versus time for 
each leg have been derived. To evaluate piping stresses and 
support loads, the maximum force for each leg has been 
selected and applied statically to the piping system in the 
most conservative fashion using a dynamic load factor (DLF) 
based on the valve opening time and the system dynamic 
characteristics. In cases where time history analyses were 
performed, the appropriate thermal hydraulic forcing function 
was applied to the applicable pipe segment. The developed 
stresses and loads on nozzles were combined with the other 
applicable loads from Tables 3.9(B)-8 and 3.9(B)-9. These 
were compared with the allowable stresses and allowable nozzle 
loads. The simultaneous discharge from all valves has been 
assumed in the thrust analyses.  

b. Overpressure Protection for the Secondary (Main Steam) System 

A multiple-valve installation, comprised of five safety valves, is 
provided in each of the four main steam lines. The valves are 
installed on main steam piping headers, outside of the Containment 
Building in a piping chase between the containment penetration and 
the main steam isolation valves. The safety valve discharge side is 
configured to minimize reaction forces at the valve branch/main 
header intersection point. The vertical branch line from the main 
steam piping header to each individual valve has a forged flange and 
sweepolet welded to the header. Safety valves are bolted directly 
to the flanges.  

The effect of the valve discharge transient was obtained by static 
application of an assumed discharge force, as obtained from the 
valve manufacturer, with a dynamic load factor DLF based on the 
system dynamic characteristics. It has been assumed that all five 
valves discharge simultaneously. The system of piping supports and 
rigid restraints limits both dynamic and static loadings to the 
piping system to code allowable stresses for the load combinations 
listed in Table 3.9(B)-9.

3.9(B)-29
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c. Safety and Relief Valves for Various Auxiliary Systems 

Mounting of safety and relief valves on auxiliary piping systems 
uses standard piping components: flanges, buttwelded or socket
welded tees, weldolets® and sockolets® for pipe branches to the 
valves. The valves and valve discharge piping utilize flanged 
joints, buttwelded and socketwelded connections. Branch connections 
are qualified using code standard calculations for tees with proper 
intensification factor (ASME III, Table NB-3682.21 or NC-3652-4).  
The alternative method for branch qualification is the Bijlaard 
method using the SPHNOZ/CYINOZ computer program. The load 
combination for calculating stresses is according to Table 3.9(B)-9.  
These were compared with the allowable stresses.  

The following basic installation of safety valves outlet piping has 
been utilized: 

1. Open discharge with the minimum piping length, or no piping 
attached to the valve discharge and discharging to atmosphere.  

2. Open discharge system, discharging directly to atmosphere 
through individual piping systems, or common header combining 
discharge from several valves.  

3. Closed discharge system, discharging to a container through an 
individual piping system, or common header combining discharge 
from several valves.  

The discharge reaction forces have been obtained from one of the 
following sources: 

1. Valve manufacturer 

2. For open steam discharge, from nonmandatory Appendix "0" of 
ASME III 

3. For open and closed discharge systems with piping system 
connected to valve discharge, from UE&C proprietary computer 
programs MADIS, VALCLO, ELBFOR, and WATER (described in Sub
section 3.9(B).1.2).  

The stress analyses of piping systems downstream and upstream of a 
valve have been obtained by applying the reaction forces statically 
with a dynamic load factor (DLF) as appropriate based on the system 
dynamic characteristics. Piping stresses from the safety valve 
discharge have been combined with the stresses from other applicable 
loads in accordance with the load combination from Table 3.9(B)-9.  
These were compared with the allowable stresses.
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(m) Load ratings shall be verified in accordance with the 
requirements of Article NF-3260 of the ASME B & PV Code.  

(n) Each hydraulic snubber shall be tested in compression 
and tension to 10 percent of its rated load and checked 
for leakage of the hydraulic fluid. If fluid forms 
droplets, drips or runs off the piston rod, the shock 
suppressor shall be rejected.  

(o) Shock suppressors' packaging shall be designed to 
protect against salt spray, rain, dust, watervapor, 
shock and vibration during shipping, handling and 
storage. Where possible, shock suppressors shall be 
packaged fully assembled in a single shipping container.  

(p) Mechanical units shall be designed to operate normally 
between 50°F and 300°F.  

Hydraulic units shall be designed to operate normally 
between 30°F and 140°F with temperature excursions up to 
a maximum of 300°F.  

2. Snubber Installation and Operability Verification 

(a) Pre-Service Examination 

A pre-service examination will be made on all snubbers.  
This examination will be conducted during and after 
snubber installation and will, as a minimum, verify the 
following: 

(1) There are no visible signs of damage or impaired 
operability as a result of storage, handling, or 
installation.  

(2) The snubber location, orientation, position 
setting, and configuration (attachments, 
extensions, etc.), are according to design 
drawings and specifications.  

(3) Small snubbers are not seized, frozen, or jammed 
by manual exercising during installation. Large 
snubbers (those that cannot be manually exercised) 
will be identified and examined for proper 
movement during preoperational testing as 
discussed in Subsection 3.9(B).3.4d.2(b) below.  

(4) Adequate swing clearance is provided to allow 
snubber movement.
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(5) If applicable, fluid is to the recommended level 
and is not leaking from the snubber system.  

(6) Structural connections such as pins, fasteners and 
other connecting hardware such as lock nuts, tabs, 
wire and cotter pins are installed correctly.  

Prior to the performance of the thermal expansion test, 
an inspection of all listed snubbers covering items (1), 
(4) and (5) will be performed as a-test prerequisite.  
Snubbers which are installed incorrectly or otherwise 
fail to meet the above requirements will be repaired or 
replaced and re-examined in accordance with the above 
criteria.  

(b) Pre.-Operational Testing 

During thermal expansion testing, snubber thermal move
ment:s for systems whose operating temperature exceeds 
250"F will be verified as follows: 

(1) During initial system heatup and cooldown, at 
specified temperature intervals for any system 
which attains operating temperature, verify the 
snubber expected thermal movement.  

(2) For those systems which do not attain operating 
temperature, verify via observation and/or 
calculation that the snubber will accommodate the 
projected thermal movement.  

(3) Verify the snubber swing clearance at specified 
heatup and cooldown intervals. Any discrepancies 
or inconsistencies shall be evaluated for cause 
and corrected prior to proceeding to the next 
specified interval.  

3.9(B).4 Control Rod Drive Systems 

Refer to Subsection 3.9(N).4.  

3.9(B).5 Reactor P:cessure Vessel Internals 

Refer to Subsection 3.9(N).5.  

3.9(B).6 In-Service Testing of Pumps and Valves 

An ongoing in-service test program will be provided to assure the operational 
readiness of certain Safety Class 1, 2 and 3 pumps and valves which perform a 
specific
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I function in shutting down a reactor to a safe shutdown condition or in 
mitigating the consequences of an accident.  

The in-service test program is based on the requirements given in the ASME OM 

Code, 1995 Edition, including 1996 Addenda and the requirements of 10 CFR 

50.55a(f) except where specific written relief has been granted by the 

commission pursuant to 10 CFR Part 50, Section 50.55a(f)(6)(i). Applicability 
of future Code addenda will be as stated in 10 CFR 50.55a(f).  

3.9(B).6.1 In-Service Testing of Pumps 

In-service tests, analysis and record keeping will be performed for certain 

Code Class 1, 2 and 3 pumps in accordance with Subsection ISTB of the Code to 

assess pump operational readiness and to detect changes in pump hydraulic and 

mechanical performance relative to reference parameters. Reference values 

were established during pre-service testing and will be established after 

major maintenance or replacement.  

Methods of measurement will be in accordance with ISTB 4.7. Installed or 

portable instruments employed for measuring or observing test quantities will 

I have accuracies equal to or better than that specified in Table ISTB 4.7.1-1.  

In-service test records to include test plans, documentation and required 

corrective action will be maintained in accordance with ISTB 7.  

A listing of Class 1, 2 and 3 pumps subject to in-service testing is provided 

in Station procedures. The Station procedures also specify the minimum test 

frequency, during plant operation, in which test quantities are to be 

measured, analyzed and documented. Plant personnel shall maintain test plans 

that include the type of hydraulic circuit normally used for testing.  

3.9(B).6.2 In-Service Testing of Valves 

In-service tests, analyses and record keeping will be performed for certain 

Code Class 1, 2 and 3 valves in accordance with Subsection ISTC of the Code to 

assess valve operational readiness.
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I The in-service testing program for valves is detailed in Station procedures.  
Each valve to be tested is identified by system, valve number, code class, 

I type, function, category and applicable tests and test frequencies.  

Each valve, prior to service, was tested as required by those tests defined 
for each valve in the In-service Test Program, in effect at that time. These 
pre-service tests were conducted under conditions similar to those to be 
experienced during subsequent in-service tests, to the maximum extent 
practicable.  

When a valve or its control system has been replaced or repaired or has under
gone maintenance that could affect its performance, and prior to the time it 
is returned to service, it will be tested to demonstrate that the performance 
parameters which could be affected by the replacement, repair, or maintenance 
are within acceptable limits.  

Valves with remote position indicators, will be visually observed at least 
once every 2 years to verify that remote valve indications accurately reflect 
valve operation.  

Valves which act-as an isolation boundary between high pressure reactor 
coolant piping and adjacent low pressure systems, and whose undetected failure 
or degradation could lead to an inter-system LOCA, will be considered 
Category A or A-C valves and tested in accordance with this section and the 
Technical Specifications.  

Records and reports of in-service valve tests will be kept in accordance with 

ISTC 6 of the Code.  

3.9(B).7 References 

1. WREM-Water Reactor Evaluation Model, Rev. 1, NUREG-75/056, May 1975, 
NRC, Div. of Technical Review.  

2. Public Service Company of New Hampshire letter, dated Jan. 4, 1980, 
to NRC, Region I, Office of Inspection and Enforcement (response to 
IE Bulletin No. 79-02, Rev. 2).
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Normal

Upset

Emergency 

Faulted
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TABLE 3.9(B)-7 

STRESS LIMITS FOR CATEGORY I 
ASME CODE CLASS 2 AND 3 VESSELS AND TANKS

Stress Limits (2) 

ASME NC-3300, ND-3300 
NC-3800, ND-3800 

P. <I.IS 
(P. or Pj) + Pb < 1.65S 

PM < 1.5S 
(P, or P,) + Pb < 1.8s 

PM < 2.OS 
(Pm or Pj) + Pb < 2.4S

NOTES 

( Plant loading conditions are defined in Table 3.9(B)-3.  

(2) S, P., P, and Pb are defined in Table 3.9(B)-4.
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TABLE 3.9(B)-8 

ASME SECTION III CLASS 1 PIPING 
SYSTEMS LOAD COMBINATIONS AND STRESS LIMITS"1 )

(1) Terminology and notations are defined in Table 3.9(B)-lI

Stress Stress Stress 
Condition Load Combina tion Category Limits Combination 

DESIGN P Pm Sm NB-3640 
P + D + OBE PL + Pb 1.5 Sm EQ(9) NB-3650 

PLANT P~m•+T+TR+OBE+SAI)(OBE)+Q PL+Pb+Pe+Q 3 Sm EQ(1O) NB-3650 
NORMAL OR 
AND ITP 3 Sm EQ(12) NB-3650 

[PMAX + TR + OBE + Q PL+Pb+Q 3 Sm EQ(13) NB-3650 
AND 

UPSET U 1.0 NB-3222.4 

PLANT PMAX Pm 1.5xP(DESIGN) NB-3655 
EMERGENCY PMAX + D + TR + )SL PL + Pb 2.25 Sm EQ(9) NB-3655 

PLANT PMAX Pm 2 x P(DESIGN) NB-3656 
FAULTED PMAx+D+TR+SSE+SA1)+(SSE)+DSL PL + Pb 3 Sm EQ(9) NB-3656 

+ LOCA DISP.  

TEST Pt + Dt Pm + Pb 0.9 Sy NB-3226 
PAD + D Pb 1.35 Sy NB-3226
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TABLE 3.9(B)-9 
(Sheet 1 of 2) 

ASME SECTION III CLASS 2 AND 3 ESSENTIAL PIPING 
SYSTEMS LOAD COMBINATIONS AND STRESS LIMITS(')

Stress Stress 

Condition Load Combination Combination Limits 

DESIGN P NC-3640 Sh 

[P + D EQ(8) NC-3650 Sh 

T EQ(10) NC-3650 SA 

PLANT 
NORMAL OR 

[P + D EQ(8) NC-3650 Sh 
P + D + T EQ(11) NC-3650 Sh + SA 

[PMAX+D+TR+OBE+SAD(OBE) EQ(9) NC-3650 1.2 Sh 
EQ(10) NC-3650 SA 

OR 

PMAx+D+TR+OBE+SAD (OBE) EQ(9) 1.2 Sh 
[P~m+ D + T EQ(11) Sh + SA 

PLANT OR 
UPSET 

PMAx + D + TR + OBE EQ(9) NC-3650 1.2 Sh 

[T + SAD(OBE) EQ(10) NC-3650 SA 

OR 

PmAx + D + TR + OBE EQ(9) NC-3650 1.2 Sh 
PmAX + D + T + SAD(OBE) EQ(11) NC-3650 Sh + SA 

AND 

PMAx + D EQ(8) NC-3650 Sh 

[PMAx + D + TR + DSL EQ(9) NC-3650 1.2 Sh 

IT EQ(11) NC-3650 SA 

PLANT OR 
EMERGENCY 

PmAx + D + TR + DSL EQ(9) NC-3650 1.2 Sh 

PmAX + D + T EQ(11) NC-3650 Sh + SA 

AND 

PmAx + D EQ(8) NC-3650 Sh

(1) Terminology and notations are defined in Table 3.9(B)-lI.
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TABLE 3.9(B)-9 
(Sheet 2 of 2) 

ASME SECTION III CLASS 2 AND 3 ESSENTIAL PIPING
SYSTEMS LOAD COMBINATIONS AND STRESS LIMITS"1 )

Stress Stress 
Condition Load Combination Combination Limits 

PMAX CC-1606 2 x P(DESIGN) 

PKx+D+TR+SS +SAD (SSE)+ EQ(9) NC-3650 1.8 Sh [ PAD+T AD+DSL 
T EQ(10) NC-3650 SA 

OR 

PmAx+D+TR+SSI+SAD (SSE)+ EQ(9) NC-3650 1.8 Sh 
PAD+TAD+DSL 

PMAX + D + T EQ(11) NC-3650 Sh + SA 

OR 

PLANT [PMAx+D+TR+SS E+DSL EQ(9) NC-3650 1.8 Sh 
FAULTED [T+SAD (SSE) +PAD+TAD EQ(10) NC-3650 SA 

OR 

PMAX+D+TR+SSEI+DSL EQ(9) NC-3650 1.8 Sh 
PmAx+D+T+SAD (SSE)+PAD+TAD EQ(11) NC-3650 Sh + SA 

AND 

PMAX + D EQ(8) NC-3650 Sh 

Pt + Dt Adopted From 0.9 Sy 
TEST NB-3226 

PAD + D 1.35 Sy
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TABLE 3.9(B)-10 

ASME SECTION III CLASS 2 AND 3
NONESSENTIAL PIPING SYSTEMS (:')

Stress Stress 
Condition Load Combination Combination Limits 

DESIGN P NC-3640 Sh 

TP + D EQ(8) NC-3650 Sh 
T EQ(10) NC-3650 SA 

PLANT 
NORMAL OR 

[ P + D EQ(8) NC-3650 Sh 
[e + D + T EQ(II) NC-3650 Sh + SA 

PMAX+D+TR+OBE+SAD(OBE) EQ(9) NC-3650 1.2 Sh 
IT. EQ(10) NC-3650 SA 

OR 

PLANT [PMAX + D + TR + OBE EQ(9) NC-3650 1.2 Sh 
UPSET IT + SAD(OBE) EQ(10) NC-3650 SA 

OR 

PMAX + D + TR + OBE EQ(9) NC-3650 1.2 Sh 
PMAx + D + T-+ SAD(OBE) EQ(II) NC-3650 Sb + SA 

AND 

PM•x + D EQ(8) NC-3650 Sh 

PLANT P + D + TR + DSL EQ(9) NC-3650 1.8 Sh 
EMERGENCY 

PLANT P + D + TR + SSE + DSL EQ(9) NC-3650 2.4 Sh 
FAULTED CC-1606 

TEST Pt + Dt Adopted Form 0.9 Sy 
PAD + D NB-3226 1.35 Sy

(1) Terminology and notations are defined in Table 3.9(B)-lI

NONESSENTIAL PIPING
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TABLE 3.9(B)-l1 
(Sheet 1 of 2) 

TERMINOLOGY AND NOTATIONS USED IN 
TABLES 3.9(B)-8. 3.9(B)-9 AND 3.9(B)-l0 

Symbols for Stress Classification and Stress Limits are in accordance with 
ASME Section III. Other load symbols and definitions are specified below: 

P - Internal design pressure 

PmAx - Peak pressure, cconsidered as a set pressure of over-pressure safety 
devices 

Pt - Test pressure 

D - Deadweight, consisting of the weight of the pipe and pipe supported 
elements such as valves and flanges, including weight of insulation 
and contained flu.id 

Dt - Same as 'D' where pipe contents are fluid during pressure test 

T - Thermal loads due to: 

a. Piping thermal expansion when subjected to maximum temperature 
difference between the fluid and the surrounding environment in 
the specified plant conditions, and 

b. Anchor displacement due to thermal movements of piping anchors 

TR - Thrust or transient due to safety valve discharge, valve trip or 
fluid flow 

SAD - Seismic anchor displacement (OBE or SSE), affects piping supported 
from different structures of relative seismic motions 

PAD - Anchor displacement due to pressure, e.g., containment building 
penetrations due to internal pressure during test or LOCA 

TAD - Anchor displacement due to thermal growth of the structure e.g., 
radial and vertical growth of Containment Building during LOCA ±MSL

DSL - Dynamic System Load, Accident Load affecting piping as follows: 

* Impact from missiles or pipe whip 
* Jet impingement 
* External pressure 

LOCA - Anchor displacement due to movement of primary or secondary loop 
DISP. during LOCA

- Temperature gradient loads, AT,, AT 2 and (ea Ta - ab Tb)Q
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TABLE 3.9(B)-lI 
(Sheet 2 of 2) 

TERMINOLOGY AND NOTATIONS USED IN 
TABLES 3.9(B)-8. 3.9(B)-9 AND 3.9(B)-:0 

U Cumulative usage factor 

OBE Loads generated by the Operating Basis Earthquake (OBE), which is the 

earthquake that could reasonably be expected to affect the plant site 

during the operating life of the plant and which produces the 

vibratory ground motion for which those features of the nuclear plant 

necessary for continued operation without undue risk to the health 

and safety of the public have been designed to remain functional.  

SSE Loads generated by the Safe Shutdown Earthquake (SSE) which is the 

earthquake that produces the maximum vibratory ground motion for 

which certain structures, systems, and components important to safety 

and required for safe shutdown on the plant have been designed to 

remain functional.
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TABLE 3.9(B)-12 

STRESS LIMITS FOR ACTIVE 
CATEGORY I ASME CODE CLASS 2 AND 3 PUMPS

Plant Loading 
Condition (1)(3)

Stress Limits (2)(4)

Normal 

Upset

Emergency

ASME Section III, Subsections 
NC-3400 or ND-3400

(P, or Pj) + 

(P, or Pj) + 

(P. or P1 ) +

Faulted

P, <l.OS 

Pb <1.5S

<1.0S 
<1. 5S 

<I.0S 
<1. 5S

NOTES 

ý" Plant loading conditions are defined in Table 3.9(B)-3.  

(2) S, Pl, P. and Pb are defined in Table 3.9(B)-4.  

(3) Identification of the specific transients or events to be considered under 
each plant condition are addressed in Regulatory Guide 1.48.  

M4 For pump supports, the allowable stresses defined in AISC "Manual of Steel 
Construction" is used for plant condition associated with 0.5SSE. For 
plant conditions associated with SSE, the stresses are limited to 90 
percent of yield stress for the material involved.

I
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TABLE 3.9(B)-15 

STRESS AND DEFLECTION ANALYSIS OF PRIMARY 

COMPONENT COOLING WATER PUMPS (14X23-S) 

ITEMS - SSE ANALYSIS ACTUAL ALLOWABLE 

Pump Casing, Primary Membrane, psi 5,746 17,500 

Membrane and Bending, psi 15,715 26,250 

Casing Flange, Normal Stress, psi 24,469 26,250 

Casing Flange Bolts, psi 34,967 50,000 

Suction Flange, Longitudinal Stress, psi 10,213 21,000 

Discharge Flange, Longitudinal Stress, psi 9,093 21,000 

Shaft Stress, psi 6,724 25,000 

Shaft Deflection, at Coupling, in. 0.017 0.055 

at Seal, in. 0.004 0.005 

at Impeller, in. 0.009 0.0125 

Casing Feet, Principal, psi 3,535 14,000 

Casing Foot Bolts, Tension, psi 22,280 42,000 

Casing Foot Shear Pins, Shear, psi 14,328 17,000 

Bedplate, Principal psi 13,990 19,333 

Bedplate, Side-Channels, tension, psi 9,534 14,500 

Bedplate, Side-Channel Weld, Shear, psi 9,154 9,670 

Anchor Bolts, Tension, psi 12,090 19,100 

Shear, psi 8,910 12,800

Natural Frequency of Pump-Motor-Bedplate System, Hz

REVISION 7

46.19 N/A



SEABROOK UPDATED FSAR 

TABLE 3.9(B)-16 

STRESS AND DEFLECTION SUMMARY FOR 
CONTAINMENT SPRAY PUMPS (6XllXI4B-CD) 

ITEMS - SSE ANALYSIS ACTUAL 

Natural Frequency, Hz 

Pump 67 

Driver 85 

Pump Casing at Suction Nozzle, psi 2,741 

Shaft Stress, psi 4,486 

Pedestal Weld, psi 5,350 

Pump Anchor Pin, psi 10,500 

Base Cross Member, psi 20,374 

Weld, psi 19,200 

Bearing Load (Double Row), lbs. 1,140 

(Single Row), lbs. 228 

Base Hold-down bolts, Tension, psi 3,450 

Shear, psi 2,430 

Deflections 

Pump shaft, in. 0.0038 

Coupling parallel misalignment, in. 0.0385 

Coupling angular misalignment, degrees 0.264 

Motor rotor, in. 0.0011

REVISION 7 

ALLOWABLE 

27,000 

27,000 

32,400 

32,400 

32,400 

32,400 

17,200 

7,670 

19,100 

9,900 

0.022 

0.102 

1.5 

0.043
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TABLE 3.9(B)-17 
(Sheet 1 of 2) 

STRESS AND DEFLECTION SUMMARY FOR 
EMERGENCY FEEDWATER PUMPS (4x9 NH-10) 

ITEMS - SSE ANALYSIS ACTUAL ALLOWABLE 

A. Turbine-Driven Pump 

Natural frequency of pump-turbine, Hz 
Entire assembly 48.0 
Shaft 93.2 

Casing, psi 
Casing flange bolts 24,967 25,000 

@ Discharge nozzle 13,444 21,000 

Pump flange @ discharge 19,706 21,000 

Pump foot bolt, psi 
Tension 22,700 62,500 

Shear 22,800 25,800 

Foundation bolt, psi 
Tension 22,500 41,300 

Shear 16,500 27,500 

Pump pedestal weld, psi 
Top 2,100 18,000 

Bottom 16,800 18,000 

Deflection, in.  
Shaft @ seal 0.0042 0.005 

Coupling 0.0081 0.102 

B. Motor-Driven Pump 

Natural frequency of pump-motor 

Entire assembly, Hz 49.3 

Shaft, Hz 93.2 

Casing, psi 
Casing flange bolts 24,967 25,000 

@ discharge nozzle 14,400 21,000 

Pump flange @ discharge 20,800 21,000 

Pump foot bolt, psi 
Tension 19,500 62,500 

Shear 22,800 25,800

REVISION 7
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TABLE 3.9(B)-17 
(Sheet 2 of 2) 

STRESS AND DEFLECTION SUMMARY FOR 
EMERGENCY FEEDWATER PUMPS (4x9 NH-10) 

ITEMS - SSE ANALYSIS ACTUAL ALLOWABLE 

B. Motor-Driven Pump (cont.) 

Foundation bolt, psi 
Tension 16,720 41,300 
Shear 11,000 27,500 

Pump pedestal weld, psi 
Top 1,900 18,000 
Bottom 15,100 18,000 

Deflection, in.  
Shaft @ seal 0.0042 0.005 
Coupling 0.0081 0.102

REVISION 7
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TABLE 3.9(B)-18 

STRESS AND DEFLECTION SUMMARY FOR 

SERVICE WATER PUMP (30 DC 2 STAGE, JOHNSTON PUMP) 

ITEMS - SEE ANALYSIS ACTUAL ALLOWABLE 

Natural Frequency, Hz 

Horizontal 9.613 

Vertical 24.444 

Pump Casing, psi 

Discharge Head at Nozzle 8,046 15,700 

Column at Flange 9,973 15,700 

Bowls 1,413 12,500 

Lineshaft, psi 13,541 18,800 

Seismic Support, psi 2,448 13,345 

Base Bolts, psi 9,000 19,100 

Clearance, in.  

Top Impeller Wear Ring 0.0098 0.0145 

Lower Impeller Wear Ring 0.0100 0.0145 

Motor Air Gap 0.001808 0.035 

Bearing Pressure, psi 

Seal Box 22 35 

Lineshaft 32 35 

Top Bowl 20 35 

Inter Bowl 18 35 

Suction Bowl 4 35
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TABLE 3.9(B)-19 

STRESS AND DEFLECTION SUMMARY FOR 
COOLING TOVER PUMP (33NLC. JOHNSTON VERTICAL PUMP) 

ITEMS - SSE ANALYSIS ACTUAL ALLOWABLE

Natural Frequency, Hz 

Pump Assembly 

Motor Rotor 

Pump Casing, psi 

Discharge Head Flange 

Column Flange 

Pump Casing 

Shaft, psi 

Seismic Supports, psi 

Anchor Bolts, Tension, psi 

Shear, psi 

Clearances, in.  

Impeller to Casing 

Rotor/Stator 

Shaft Deflection

14.5 

49.7

19,437 

21,960 

5,644 

12,265 

891 

5,970 

2,380

0.002 

0.0172 

0.016

20,550 

23,550 

19,800 

20,000 

23,550 

19,100 

9,900

0.08 

0.035 

0.080

I
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TABLE 3.9(B)-20 

STRESS AND DEFLECTION SUMMARY FOR DIESEL 
FUEL OIL TRANSFER PUMP (N 3DBS - 18 IMO PUMP) 

ITEMS - SSE ANALYSIS ACTUAL 

Natural Frequency, Hz 228 

Pump Casing at Inlet Nozzle, psi 7,123 

Base Plate, psi 4,147 

Pump Hold-Down Bolts, psi 

Tension 2,300 

Shear 1,150 

Clearances, in. 0.00009

ALLOWABLE 

26,250 

21,750 

19,100 

9,900 

0.0005
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TABLE 3.9(BY-21* 

STRESS ANALYSIS SUMMARY 
ASME III CLASS 1 PIPING

REVISION 7

RCS PRESSURIZER SAFETY AND RELIEF VALVES SYSTEM 
(P&ID RC-20846) 

(LINE NOS: 74, 75, 76 & 80)

*This table is being maintained for historical purposes only.  
applicable calculations for latest information.

Refer to

MAX STRESS LINE NO. & ALLOWABLE 
EVALUATION (KSI) COMPONENT (KSI) 

Eq. 9 - Design 23.2 Line 76 1.5 Sm 
P+D+OBE Elbow 24.63 

Eq. 9 - Faulted 39.1 Line 76 3.0 Sm 
P+D+TR+SSE Elbow 49.26 

Eq. 12 36.0 Line 80 3.0 Sm 
T Transition 49.26 

Eq. 13 37.9 Line 80 3.0 Sm 
P+D+OBE+Q Transition 49.26 

Fatigue Usage 0.95 Line 80 1.0 
Factor Transition
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TABLE 3.9(B)-22* 
(Sheet 1 of 10) 

STRESS ANALYSIS SUMMARY. ASME III CLASS 2 AND 3 PIPING 
(EQUATION 9)

NORMAL & UPSET EMERGENCY FAULTED 
CONDITION CONDITION CONDITION 

SYSTEM 

PIPING SYSTEM DRAWING ACTUAL ALLOW. ACTUAL ALLOW. ACTUAL ALLOW.  
NO. (KSI) (KSI) (KSI) (KSI) (KSI) (KSI)

REACTOR COOLANT SYSTEM

3"x4"- RC-V24 
Line No. 14-1 
SC 2 

3"x4"- RC-V89 
Line No. 88-1 
SC 2 

REFUELING CAVITY 
CLEANUP SYSTEM 

3/4"xl" - SF-VIOl 
Line No. 1743-9 
SC 2 

FLOOR & EQUIPMENT 
DRAIN SYSTEM 

3/4"xl"- WLD-V209 
Line No. 2076-11 
SC 2 

RESIDUAL HEAT 
REMOVAL SYSTEM 

i"x3/4" - RH-V13 
Line No. 172-1 
SC 2 

1"x3/4" - RH-V25 
Line No. 169-1 
SC 2

RC-20841 

RC-20844 

SF-20484 

WLD--20219 

RH-20662 

RH-20663

16.36 

18.27 

13.24 

10.5 

11.41 

13.18

19.44 

19.44 

19.08 

22.0 

19.44 

19.44

J I L

9.09 

8.64 

1.17 

2.3 

1.97 

2.73

19.44 

19.44 

19.08 

22.0 

19.44 

19.44

26.68 

27.91 

21.66 

21.81 

20.87 

23.12

29.16 

29.16 

28.62 

33.0 

29.16 

29.16

*This table is being maintained for historical purposes only. Refer to applicable 

calculations for latest information.

RIEVISION 7
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TABLE 3.9(B)-22 
(Sheet 2 of 10) 

STRESS ANALYSIS SUMMARY. ASME III CLASS 2 AND 3 PIPING 
(EQUATION 9)

NORMAL & UPSET EMERGENCY FAULTED 
CONDITION CONDITION CONDITION 

SYSTEM 
PIPING SYSTEM DRAWING ACTUAL ALLOW. ACTUAL ALLOW. ACTUAL ALLOW.  

NO. (KSI) (KSI) (KSI) (KSI) (KSI) (KSI) 

SAFETY INJECTION 
SYSTEM 

3/4"xi" - SI-V247 SI-20450 13.79 19.08 4.40 19.08 23.19 28.62 
Line No. 248-16 
SC 2 

1"x2" - SI-VIO SI-20450 9.58 19.92 7.56 19.92 11.60 29.88 
Line No. 220-1 
SC 2 

l"x2" - SI-V30 SI-20450 9.77 19.92 4.91 19.92 14.62 29.88 
Line No. 221-1.  
SC 2 

1"x2" - SI-V45 SI-20450 9.77 19.92 4.91 19.92 14.62 29.88 
Line No. 222-1 
SC 2 

1"x2" - SI-V60 SI-20450 9.77 19.92 4.91 19.92 14.69 29.88 
Line No. 223-1 
SC 2 

3/4"xi" - SI-VIOl SI-20446 15.23 19.92 4.08 19.92 26.34 29.88 
Line No. 252-1 
SC 2 

3/4"xi" - SI-V113 SI-20446 14.88 19.92 3.54 19.92 26.06 29.88 
Line No. 253-1 
SC 2 

3/4"xi" - SI-V76 SI-20447 10.61 19.92 4.41 19.92 17.25 29.88 
Line No. 254-1 
SC 2 

3/4"x" - SI-V175 SI-20447 15.43 22.56 4.48 22.56 26.38 33.84 
Line No. 278-2 
SC 2

REVISION 1
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Prior to loading, it is assumed that the plant is at hot 
shutdown conditions, with 32°F feedwater cycling. During the 
two-hour period following the beginning of loading, the 
feedwater temperature increases from 32°F to 300°F due to steam 
dump and turbine startup heat input to the feedwater.  
Subsequent to unloading, feedwater heating is terminated, steam 
dump is reduced to residual heat removal requirements, and 
feedwater temperature decays from 300=F to 32°F.  

The number of these loading and unloading transients is assumed 
to be 500 each during the 40-year plant design life, which is 
equivalent to about one occurrence per month.  

9. Boron Concentration Equalization 

Following any large change in boron concentration in the RCS, 
spray is initiated in order to equalize concentration between 
the loops and the pressurizer. This can be done by manually 
operating the pressurizer backup heater, thus causing a 
pressure increase, which will initiate spray at a compensated 
pressurizer pressure of approximately 2275 psia. The 
proportional sprays return the pressure to 2250 psia, and 
maintain this pressure by matching the heat input from the 
backup heater until the concentration is equalized. For design 
purposes, it is assumed that this operation is performed once 
after each load change in the design load follow cycle. With 
two load changes per day, and a 90 percent plant availability 
factor over the 40-year design life, the total number of 
occurrences is 26,400.  

10. Refueling 

At the end of plant cooldown, the temperature of the fluid in 
the RCS is less than 125°F. At this time, the vessel head is 
removed and the refueling canal is filled. This is done by 
pumping water from the refueling water storage tank, which is 
outside and conservatively assumed to be at 32*F, into the 
loops by means of the low head safety injection pumps. The 
refueling water flows directly into the reactor vessel via the 
accumulator connections and cold legs.  

This operation is assumed to occur twice per year, or 80 times 
over the life of the plant.  

11. Reduced Temperature Return to Power 

The reduced temperature return to power operation is designed 
to improve the spinning reserve capabilities of the plant 
during load-follow operations without part length rods. The 
transient will normally begin at the ebb (50 percent) of a

3.9(N)-7
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load-follow cycle and will proceed at a rapid positive rate 
(typically 5 percent per minute) until the abilities of the 
control rods and the coolant temperature reduction (negative 
moderator coefficient) to supply reactivity are exhausted. At 
that point, further power increases are limited to 
approximately one percent per minute by the ability of the 
boron system to dilute the reactor coolant. The reduction in 
primary coolant temperature is limited by the protection system 
to about 20°F below the programmed value.  

The reduced temperature return to power operation is not 
intended for daily use. It is designed to supply additional 
plant capabilities when required because of network fault or 
upset condition. Hence this mode of operation is not expected 
to be used more than once a week in practice (2000 times in 40 
years).  

12. Reactor Coolant Pumps (RCP) Startup and Shutdown 

The reactor coolant pumps are started and stopped during 
routine operations such as RCS venting, plant heatup and 
cooldown, and in connection with recovery from certain 
transients such as Loop Out of Service and Loss of Power. Other 
(undefined.) circumstances may also require pump starting and 
stopping.  

Of the spectrum of RCS pressure and temperature conditions 
under which these operations may occur, three conditions have 
been selected for defining transients: 

Cold condition - 70°F and 400 psig 
Pump restart condition - 100°F and 400 psig 
Hot condition - 557°F and 2235 psig 

For RCP starting and stopping operations, it is assumed that 
variations in RCS primary side temperature and in pressurizer 
pressure and temperature are negligible, and that the steam 
generator secondary side is completely unaffected. The only 
significant variables are the primary system flow and the 
pressure changes resulting from the pump operations.  

The following cases were considered: 

Case 1 - First Pump Startup (Last Pump Shutdown) 

Variations in reactor coolant loop flow accompany startup 
of t1e first pump, both in the loop containing the pump 
being started and in the other loops (loops in which the 
pumps remain idle). This case involves a higher dynamic 
pressure loss in the loop containing the pump being

3.9(N)-8
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barrel by accounting for the deflections of constraining boundaries 
which are represented by masses and springs. The dynamic response 
of the core barrel in its beam bending mode responding to blowdown 
forces compensates for internal pressure variation by increasing the 
volume of the more highly pressurized regions. The analytical 
methods used to develop the reactor internals hydraulics are 
described in WCAP-8708 (Reference 9).  

d. Reactor Vessel and Internals Modeling 

The reactor vessel is restrained by two mechanisms: (1) the four 
attached reactor coolant loops with the steam generator and reactor 
coolant pump primary supports and (2) four reactor vessel supports, 
two beneath reactor vessel inlet nozzles and two beneath reactor 
vessel outlet nozzles. The reactor vessel supports are described in 
Subsection 5.4.14 and are shown in Figures 5.4-14, and 3.8-26. The 
support shoe provides restraint in the horizontal directions and for 
downward reactor vessel motion.  

The reactor vessel model consists of two nonlinear elastic models 
connetted at a common node. One model represents the dynamic 
vertical characteristics of the vessel and its internals, and the 
other model represents the translational and rotational 
characteristics of the structure. These two models are combined in 
the DARIWOSTAS code (Reference 1) to represent motion of the reactor 
vessel and its internals in the plane of the vessel centerline and 
the broken pipe centerline.  

The model for horizontal motion considers that each node has one 
translational and one rotational degree of freedom in the vertical 
plane containing the centerline of the nozzle attached to the broken 
pipe and the centerline of the vessel. A combination of beam 
elements and concentrated masses are used to represent the 
components including the vessel, core barrel, neutron panels, fuel 
assemblies, and upper support columns. Connections between the 
various components are either pin-pin rigid links, translational 
impact springs with damping, or rotational springs.  

The model for vertical motion considers that each mass node has one 
translational degree of freedom. The structure is represented by 
concentrated masses, springs, dampers, gaps, and frictional 
elements. The model includes the core barrel, lower support 
columns, bottom nozzles, fuel rods, top nozzles, upper support 
structure, and reactor vessel.  

The horizontal and vertical models are coupled at the elevation of 
the primary nozzle centerlines. Node 1 of the horizontal model is 
coupled with node 2 of the vertical model at the reactor vessel 
nozzle elevation. This coupled node has external restraints 
characterized by a 3x3 matrix which represents the reactor coolant
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loop stiffness characteristics, by linear horizontal springs which 
describe the tangential resistance of the supports, and by 
individual nonlinear vertical stiffness elements which provide 
downward restraint only. The individual supports are located at the 
actual support pad locations and accurately represent the 
independent nonlinear behavior of each support.  

e. Analytical Methods 

The time-history effects of the internals loads and loops mechanical 
loads are combined and applied simultaneously to the appropriate 
nodes of the mathematical model of the reactor vessel and internals.  
The analysis is performed by numerically integrating the 
differential equations of motion to obtain the transient response.  
The output of the analysis includes the displacements of the reactor 
vessel and the loads in the reactor vessel supports which are 
combined with other applicable faulted condition loads and 
subsequently used to calculate the stresses in the supports. Also, 
the reactor vessel displacements are applied as a time-history input 
to the dynamic reactor coolant loop blowdown analysis. The 
resulting loads and stresses in the piping components and supports 
include both loop blowdown loads and reactor vessel displacements.  
Thus, the effect of vessel displacements upon loop response and the 
effect of loop blowdown upon vessel displacements are both 
evaluated.  

f. Results of Anal.sis 

As described, the reactor vessel and internals were analyzed for 
three postulated break locations. Table 3.9(N)-12 summarizes the 
allowable and no-loss-of-function displacements for reactor inter
nals. Positive vertical displacement is up and positive horizontal 
displacement is; away from and along the centerline of the vessel 
nozzle in the loop in which the break was postulated to occur.  
These displacements were calculated using an assumed break opening 
area for the postulated pipe ruptures of 144 in 2 . Based on the 
deterministic fracture mechanics evaluation of the RCS loop piping, 
Westinghouse has demonstrated that postulation of pipe ruptures in 
the RC loop need not be made. An exemption from a portion of the 
requirements of General Design Criterion 4 of Appendix A to 
10 CFR Part 50 has been granted to Seabrook; see Reference 14. The 
result of postulating rupture of one of the three branch line 
nozzles would be to impose reduced asymmetric loadings on the 
Reactor Core System. The fuel assembly grid load due to pipe 
ruptures was not applied to the analysis results.

3.9(N)-34
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a. The pressure differential across the element 

b. Flow stagnation on, and unrecovered orifice losses across the 
element 

c. Friction losses along the element.  

Input to the code, in addition to the blowdown pressure and velocity 
transients, includes the effective area of each element on which the force 
acts due to the pressure differential across the element, a coefficient to 
account for flow stagnation and unrecovered orifice losses, and the total area 
of the element along which the shear forces act.  

The mechanical analysis (Reference 11) has been performed using conservative 
assumptions. Some of the more significant assumptions are: 

a. The mechanical and hydraulic analyses have considered the effect of 
hydroelasticity.  

b. The reactor internals are represented by a multi-mass system 
connected with springs and dashpots simulating the elastic response 
and the viscous damping of the components. The modeling is 
conducted in such a way that uniform masses are lumped into easily 
identifiable discrete masses while elastic elements are represented 
by springs.  

The model described is considered to have a sufficient number of 
degrees of freedom to represent the most important modes of 
vibration in the vertical direction. This model is conservative in 
the sense that further mass-spring resolution of the system would 
lead to further attenuation of the shock effects obtained with the 
present model.  

The pressure waves generated within the reactor are highly dependent on the 
location and nature of the postulated pipe failure. In general, the more 
rapid the severance of the pipe, the more severe the imposed loadings on the 
components. A one millisecond severance time is taken as the limiting case.  

In the case of the hot leg branch line break, the vertical hydraulic forces 
produce an initial upward lift of the core. A rarefaction wave propagates 
through the reactor hot leg nozzle into the interior of the upper core barrel.  
Since the wave has not reached the flow annulus on the outside of the barrel, 
the upper barrel is subjected to an impulsive compressive wave. Thus, dynamic 
instability (buckling) or large deflections of the upper core barrel, or both, 
is a possible response of the barrel during a hot leg branch line break, and 
results in transverse loading on the upper core components as the fluid exits 
the hot leg nozzle.
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In the case of the cold leg branch line break, a rarefaction wave propagates 
along a reactor inlet pipe, arriving first at the core barrel at the inlet 
nozzle of the broken loop. The upper barrel is then subjected to a non
axisymmetric expansion radial impulse which changes as the rarefaction wave 
propagates both around the barrel and down the outer flow annulus between 
vessel and barrel. After the cold leg branch line break, the initial 
steady-state hydraulic lift forces (upward) decrease rapidly (within a few 
milliseconds) and then increase in the downward direction. These cause the 
reactor core and lower support structure to move initially downward.  

If a simultaneous seismic event with the intensity of the SSE is postulated 
with the loss-of-coolant accident, the imposed loading on the internals 
component is additive and, therefore, the combined loading is considered 
even though the loading imposed by the earthquake is generally small compared 
to the blowdown loading.  

The summary of the mechanical analysis follows: 

a. Mathematical Model of the Reactor Pressure Vessel and Analytical 
Method 

The mathematical model of the RPV is a three-dimensional nonlinear 
finite element model which represents the dynamic characteristics of 
the reactor vessel and its internals in the six geometric degrees of 
freedom. The model was developed using the WECAN computer code.  
The model consists of three concentric structural submodels 
connected by nonlinear impact elements and stiffness matrices. The 
first submodel :represents the reactor vessel shell and associated 
components. The reactor vessel is restrained by four reactor vessel 
supports (situated beneath alternate nozzles) and by the attached 
primary coolant piping. Each reactor vessel support is modeled by a 
linear horizontal stiffness and a vertical spring-gap element. The 
attached piping is represented by a stiffness matrix.  

The second submodel represents the reactor core barrel (RCB), 
neutron panels, lower support plate, tie plates, and secondary core 
support components. This submodel is physically located inside the 
first, and is connected to it by a stiffness matrix at the internals 
support ledge. Core barrel to vessel shell impact is represented by 
nonlinear elements at the core barrel flange, core barrel nozzle, 
and lower radial support locations.  

The third and innermost submodel represents the upper support plate, 
guide tubes, upper support columns, upper and lower core plates, and 
fuel. The third submodel is connected to the first and second by 
stiffness matrices and nonlinear elements.  

Fluid-structure or hydro-elastic interaction is included in the 
reactor pressure vessel model for seismic evaluation. The 
horizontal hydro-elastic interaction is significant in the
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cylindrical fluid flow region between the core barrel and reactor 
vessel (the downcomer). Mass matrices with off-diagonal terms 
(horizontal degrees-of-freedom only) attach between nodes on the 
core barrel and reactor vessel shell.  

The diagonal terms of the mass matrix are similar to the lumping of 
water mass to the vessel shell and core barrel. The off-diagonal 
terms reflect the fact that all the water mass does not participate 
when there is no relative motion of the vessel and core barrel. It 
should be pointed out that the hydrodynamic mass matrix has no 
artificial virtual mass effect and is derived in a straight-forward, 
quantitative manner.  

The matrices are a function of the properties of two cylinders with 

a fluid in the cylindrical annulus, specifically; inside and outside 
radius of the annulus, density of the fluid and length of the 
cylinders. Vertical segmentation of the RCB allows inclusion of 
radii variations along the RCB height and approximates the effects 
of RCB beam deformation. These mass matrices were inserted between 
selected nodes on the core barrel and reactor vessel shell.  

For LOCA the time-history effects of the internals loads and loop 
mechanical loads are combined and applied simultaneously to the 
appropriate nodes of the mathematical model of the reactor vessel 
and internals. The analysis is performed by numerically integrating 
the differential equations of motion to obtain the transient 
response. The output of the analysis includes the displacements of 
the reactor vessel and the reactor internals.

3.9(N)-46a
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dynamic stress intensities are within acceptable limits. In 
addition, the cumulative fatigue usage factor is also within the 
allowable usage factor of unity.  

The stresses due to the Safe Shutdown Earthquake (vertical and 
horizontal components) were combined in the most unfavorable manner 
with the blowdown stresses to obtain the largest principal stress 
and deflection.  

These results indicate that the maximum deflections and stresses in 
the critical structures are below the established allowable limits.  
For the transverse excitation, it is shown that the upper barrel 
does not buckle during a hot leg break, and that it has an allowable 
stress distribution during a cold leg break.  

Even though control rod insertion is not required for plant 
shutdown, this analysis shows that most of the guide tubes will 
deform within the limits established experimentally to assure 
control rod insertion. For the guide tubes deflected above the no
loss-of-function limit, it must be assumed that the rods will not 
drop. However, the core will still shut down due to the negative 
reactivity insertion in the form of core voiding. Shutdown will be 
aided by the great majority of rods that do drop. Seismic 
deflections of the guide tubes are generally negligible by 
comparison with the no-loss-of-function limit.  

3.9(N).2.6 Correlations of Reactor Internals Vibration Tests with the 
Analytical Results 

As stated in Subsection 3.9(N).2.3, it is not considered necessary to conduct 
instrumented tests of the Seabrook reactor vessel internals. Adequacy of 
these internals will be verified by use of the Sequoyah and Trojan results.  
References 7 and 8 describe predicted vibration behavior based on studies 
performed prior to the plant tests. These studies, which use analytical 
models, scale model test results, component tests, and results of previous 
plant tests, are used to characterize the forcing functions and establish 
component structural characteristics, so *that the flow induced vibratory 
behavior and response levels for Seabrook are estimated. These estimates are 
then compared to values deduced from plant test data obtained from the 
Sequoyah and the Trojan internals vibration measurement programs.  

3.9(N).3 ASME Code Class 1, 2 and 3 Components. Component Supports and 
Core Support Structures 

The ASME Code Class components are constructed in accordance with the ASME 
Boiler and Pressure Vessel Code, Section III.  

Detailed discussion of ASME Code Class 1 components is provided in Section 5.4 
and Subsection 3.9(N).l. For core support structures, design loading 
conditions are given in Subsection 3.9(N).5.
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In general, for reactor internals components and for core support structures, the criteria for acceptability in regard to mechanical integrity analyses are that adequate core cooling and core shutdown must be assured. This implies that the deformation of the reactor internals must be sufficiently small so that the geometry remains, substantially intact. Consequently, the limitations 
established on the internals are concerned principally with the maximum 
allowable deflections and. stability of the parts, in addition to a stress 
criterion to assure integrity of the components.  

For the loss of coolant plus the safe shutdown earthquake condition, 
deflections of critical internal structures are limited. In a hypothesized 
downward vertical displacement of the internals, energy-absorbing devices 
limit the displacement after contacting the vessel bottom head, ensuring that 
the geometry of the core remains intact.  

The following mechanical functional performance criteria apply: 

a. Following the :Loss-of-coolant accident, the functional criterion to 
be met for the reactor internals is that the plant can be shutdown 
and cooled in an orderly fashion, so that fuel cladding temperature 
is kept within specified limits. This criterion implies that the 
deformation of critical components must be kept sufficiently small 
to allow core cooling.  

b. For large reactor coolant branch nozzle pipe breaks, the reduction 
in water density greatly reduces the reactivity of the core, thereby 
shutting down the core whether the control rods are tripped or not.  
The subsequent :refilling of the core by the Emergency Core Cooling 
System uses borated water to maintain the core in a subcritical 
state. Therefore, the main requirement is to assure effectiveness 
of the Emergency Core Cooling System. Insertion of the control 
rods, although not needed, gives further assurance of ability to 
shut the plant down and keep it in a safe shutdown condition.  

c. The inward upper barrel deflections are controlled to insure no 
contacting of the nearest rod cluster control guide tube. The 
outward upper barrel deflections are controlled in order to maintain 
an adequate annulus for the coolant between the vessel inner 
diameter and core barrel outer diameter.  

d. The rod cluster control guide tube deflections are limited to insure 
operability of the control rods.  

e. To insure no column loading of rod cluster control guide tubes, the 
upper core plate deflection is limited.  

Methods of analysis and testing for core support structures are discussed in 
Subsections 3.9(N).2.3, 3.9(N).2.5 and 3.9(N).2.6. Stress limits and 
deformation criteria are given in Subsection 3.9(N).5.
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f. Following the design basis accident, the plant shall be capable of 
being shut down and cooled in an orderly fashion so that fuel clad
ding temperature is kept within specified limits. This implies that 
the deformation of certain critical reactor internals must be kept 
sufficiently small to allow core cooling.  

The functional limitations for the core structures during the design basis 
accident are shown in Table 3.9(N)-12. To ensure no column loading of rod 
cluster control guide tubes, the upper core plate deflection is limited to not 
exceed the value shown in Table 3.9(N)-12.  

Details of the dynamic analyses, input forcing functions, and response load
ings are presented in Subsection 3.9(N).2.  

The basis for the design stress and deflection criteria is identified below: 

a. Allowable Stresses 

For normal operating conditions, Section III of the ASME Code is 
used as a basis for evaluating acceptability of calculated stresses.  
Both static and alternating stress intensities are considered.  

It should be noted, that the allowable stresses in Section III of 
the ASME Code are based on unirradiated material properties. In 
view of the fact that irradiation increases the strength of the Type 
304 stainless steel used for the internals, although decreasing its 
elongation, it is considered that use of the allowable stresses in 
Section III is appropriate and conservative for irradiated internal 
structures.  

The allowable stress limits during the design basis accident used 
for the reactor internals are based on the draft of the 1971 edition 
of the ASME Code for Core Support Structures, Subsection NG, and the 
Criteria for Faulted Conditions.  

b. Allowable Deflections 

For normal operating conditions, downward vertical deflection of the 
lower core support plate is negligible.  

For the loss-of-coolant accident plus the Safe Shutdown Earthquake 
condition, the deflection criteria of critical internal structures 
are the limiting values given in Table 3.9(N)-12. The corresponding 
no-loss-of-function limits are included in Table 3.9(N)-12 for 
comparison purposes with the allowed criteria.  

The criteria for the core drop accident is based upon analyses which 
have to determine the total downward displacement of the internal 
structures following a hypothesized core drop resulting from loss of 
the normal core barrel supports. The initial clearance between the
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secondary core support structures and the reactor vessel lower head 
in the hot condition is approximately ½ inch. An additional 
displacement of approximately k inch would occur due to strain of 
the energy absorbing devices of the secondary core support; thus the 
total drop distance is about 1¼ inches, which is insufficient to 
permit the tips of the Rod Cluster Control Assembly to come out of 
the guide thimble in the fuel assemblies.  

Specifically, the secondary core support is a device which will 
never be used, except during a hypothetical accident of the core 
support (core barrel, barrel flange, etc.). There are 4 supports in 
each reactor. This device limits the fall of the core and absorbs 
much of the energy of the fall which otherwise would be imparted to 
the vessel. The energy of the fall is calculated assuming a 
complete and instantaneous failure of the primary core support and 
is absorbed during the plastic deformation of the controlled volume 
of stainless, Loaded in tension. The maximum deformation of this 
austenitic stainless piece is limited to approximately 15 percent, 
after which a positive stop is provided to ensure support.  

3.9(N).6 In-Service Testing of Pumps and Valves 

Refer to Subsection 3.9(B).6.  
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TABLE 3.9(N)-9 

STRESS CRITERIA FOR SAFETY-RELATED ASME CODE CLASS 2 
AND CLASS 3 VALVES 

Desimn/Service Level Stress Limits (Notes 1-4) P.. (Note 5) 

Design & Service Valve bodies shall conform 1.0 
Level A to ASME Section III 

Service Level B a, l i.I S 1.1 
(a, or aL) + ab 5 1.65 S 

Service Level C a. : 1.5 S 1.2 
(a. or aL) + ab < 1.80 S 

Service Level D am : 2.0 S 1.5 
(a, or aL) + ab 5 2.4 S 

Notes: 

1. Valve nozzle (piping load) stress analysis is not required when both the 
following conditions are satisfied: (1) the section modulus and area of 
energy plane, normal to the flow, through the region defined as the valve 
body crotch are at least 110% of those for the piping connected (or join
ed) to the valve body inlet and outlet nozzles; and, (2) code allowable 
stress, S, for valve body material is equal to or greater than the code 
allowable stress, S,- for connected piping material. If the valve body 
material allowable stress is less than that of the connected piping, the 
required acceptance criteria ratio shall be 110% multiplied by the ratio 
of the piping allowable stress to the valve allowable stress. If unable 
to comply with this requirement, an analysis in accordance with the 
design procedure for Class 1 valves is an acceptable alternate method.  

2. Casting quality factor of 1.0 shall be used.  

3. These stress limits are applicable to the pressure retaining boundary, 
and include the effects of loads transmitted by the extended structures, 
when applicable.  

4. Design requirements listed in this table are not applicable to valve 
discs, stems, seat rings, or other parts of valves which are contained 
within the confines of the body and bonnet, or otherwise not part of the 
pressure boundary.  

5. The maximum pressure resulting from upset, emergency or faulted 
conditions shall not exceed the tabulated factors listed under P.x times 
the design pressure. If these pressure limits are met the stress limits 
in Table 3.9(N)-9 are considered to be satisfied.
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TABLE 3,9(N)-lO 

ACTIVE PUMPS 

ASME 
Safety 

System Class

REVISION 7

Normal 
Mode

Post 
LOCA 
Mode Function

I Centrifugal 
charging 
nlmp No 1

I Centrifugal 
charging 
pump No. 2 

Boric acid 
transfer pumps 
Nos. I and 2 

Residual heat 
removal pumps 
Nos. I and 2 

1 Safety injec
tion pumps 
Nos. 1 and 2

Item NoP 

CS-P-2A

CS-P-2B 

CS-P-3A 
CS-P-3B 

RH-P-8A 
RH-P-8B 

SI-P-6A 
SI-P-6B

CVCS

CVCS 

BRS 

RHRS 

SIS

2

2 

2 

2 

2

ON/OFF ON

ON/OFF 

ON/OFF 

OFF 

OFF

ON 

OFF 

ON 

ON

High head safety 
injection 

High head safety 
injection 

Boration and safe 
shutdown 

Low head safety 
injection and 
normal cooldown 

Safety injection

( 
(.
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CHAPTER 4 

REACTOR 

4.1 SUMMARY DESCRIPTION 

This chapter describes: (1) the mechanical components of the reactor and 

reactor core including the fuel rods and fuel assemblies, (2) the nuclear 

design, and (3) the thermal-hydraulic design.  

I The reactor core comprises multiple regions of fuel assemblies which are 
similar in mechanical design, but different in fuel enrichment. Reload fuel 
is similar in mechanical design to the initial core; the differences are 

described in the following sections. The initial core design employed three 

enrichments in a three-region core, whereas more enrichments may be employed 

for a particular refueling scheme. Fuel cycle times of six months to over 

eighteen months are possible, and may be employed with the core described 

herein.  

The core is cooled and moderated by light water at a pressure of 2250 pounds 
per square inch absolute (psia) in the Reactor Coolant System. The moderator 
coolant contains boron as a neutron poison. The concentration of boron in the 

coolant is varied as required to control relatively slow reactivity changes 

including the effects of fuel burnup. Additional boron, in the form of 
burnable poison rods, were employed in the initial core to establish the 

desired initial reactivity. Integral Fuel Burnable Absorbers (IFBA) are 
employed in reload fuel for this purpose. IFBAs are fuel rods in which a thin 

zirconium diboride coating is applied directly to the fuel pellets.  

Two hundred and sixty four fuel rods are mechanically joined in a square, 

17x17 array to form a fuel assembly. The fuel rods are supported at intervals 

along their length by grid assemblies and intermediate flow mixer (IFM) grids 

(for the V5H (w IFMs) design) which maintain the lateral spacing between the 

rods throughout the design life of the assembly. The grid assembly consists 
of an "egg-crate" arrangement of interlocked straps. The straps contain 

springs and dimples for fuel rod support as well as coolant mixing vanes. The 

fuel rods consist of enriched uranium dioxide ceramic cylindrical pellets 
contained in hermetically sealed zirconium alloy tubing. All fuel rods are 

pressurized with helium during fabrication to reduce stresses and strains and 

to increase fatigue life.  

The center position in the assembly is reserved for use by the incore 

instrumentation, while the remaining 24 positions in the array are equipped 
with guide thimbles joined to the grids and the top and bottom nozzles. The 

guide thimbles may be used as core locations for Rod Cluster Control 

Assemblies (RCCAs), neutron source assemblies, or burnable poison rods.  
Otherwise, the guide thimbles can be fitted with plugging devices to limit 
bypass flow.

4.1-1
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The bottom nozzle is a bottom structural element of the fuel assembly, and 
admits the coolant flow to the assembly.  

The top nozzle assembly is a box-like structure which serves as the upper 
structural element of the fuel assembly, in addition to providing a partial 
protective housing for the RCCA or other components.  

The RCCAs each consist of a group of individual absorber rods fastened at the 
top end to a common hub called a spider assembly. These assemblies contain 
absorber material to control the reactivity of the core, and to control axial 
power distribution.  

The nuclear design analyses and evaluations established physical locations for 
control rods, burnable poison rods and physical parameters such as fuel 
enrichments and boron concentration in the coolant. The nuclear design 
evaluation established that the reactor core has inherent characteristics 
which, together with corrective actions of the reactor control and protective 
systems, provide adequate reactivity control even if the highest reactivity 
worth RCCA is stuck in the fully withdrawn position.  

The design also provides for inherent stability against diametral and 
azimuthal power oscillations and for control of induced axial power 
oscillation through the use of control rods.  

The thermal-hydraulic design analyses and evaluations establish coolant flow 
parameters which assure that adequate heat transfer is provided between the 
fuel cladding and the reactor coolant. The thermal design takes into account 
local variations in dimensions, power generation, flow distribution and 
mixing. The mixing vanes incorporated in the fuel assembly spacer grid design 

I and the VF5 (w IFMs) IFMs: induce additional flow mixing between the various 
flow channels within a fuel assembly as well as between adjacent assemblies.  

Instrumentation is provided in and out of the core to monitor the nuclear, 
thermal-hydraulic, and mechanical performance of the reactor and to provide 
inputs to automatic control functions.  

Table 4.1-1 presents a comparison of the principal nuclear, thermal-hydraulic 
and mechanical design parameters between Seabrook Station Unit 1 and the W. B.  
McGuire Nuclear Station Units 1 and 2 (Docket Nos. 50-369 and 50-370).  

Fuel densification was evaluated in Reference 1 which concludes that 
Westinghouse fuel will not densify. However fuel densification effects have 
been considered in safety evaluations.  

The analytical techniques employed in the core design are tabulated in Table 
4.1-2. The loading conditions considered in general for the core internals 
and components are tabulated in Table 4.1-3. Specific or limiting loads 
considered for design purposes of the various components are listed as 
follows: fuel assemblies in Subsection 4.2.1.5; neutron absorber rods, 
burnable poison rods, neutron source rods and thimble plug assemblies in
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Subsection 4.2.1.6. The dynamic analyses, input forcing functions, and 

response loadings are presented in Section 3.9(N).  

4.1.1 References 

1. Oelrich, R. L., and Kersting, P. J., "Assessment of Clad Flattening 

and Densification Power Spike Factor Elimination in Westinghouse 

Nuclear Fuel," WCAP-13589, January 1993.
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TABLE 4.1-1 
(Sheet 3 of 3) 

REACTOR DESIGN COMPARISON TABLE 
INITIAL CORE

Thermal and Hydraulic Design Parameters

Seabrook 
Unit 1

W. B. McGuire 
Units 1 & 2

Rod Cluster Control Assemblies 

Neutron absorber 
Full length 

Part length

I Cladding Material

Clad thickness 
Ag-In-Cd (in.) 
Number of clusters, full length/ 
part length 
Number of absorber rods per cluster

Austenitic SS Type 304 
SS-cold worked

0.0185

57/0 
24

53/8 
24

Core Structure

Core barrel, I.D./O.D. (in.) 
Thermal shield

148.0/152.5 
Neutron pad 
design

148.0/152.5 
Neutron pad 
design

Structure Characteristics 

Core diameter, equivalent (in.) 
Core height, active fuel (in.) 

Reflector Thickness and Composition 

Top, water plus steel (in.) 
Bottom, water plus steel (in.) 
Side, water plus steel (in.) 
H20/U molecular ratio lattice (cold)

a. This limit is associated with the maximum value of FQ for 
b. This is the maximum value of FQ for normal operation.

normal operation.

Ag-In-Cd Ag-In-Cd 

Ag-In-Cd

132.7 
144.0

-10 
-10 
-15 
2.41

132.7 
144.0

-10 
-10 
-15 
2.41
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TABLE 4.1-2 
(Sheet 1 of 2) 

ANALYTICAL TECHNIQUES IN CORE DESIGN

Computer Code
Section 

Referenced

Mechanical design 
core internals 
loads, deflections, 
and stress 
analysis 

Fuel rod design 

Fuel performance 
characteristics 
(temperature, 
internal pressure, 
clad stress, etc.)

Static and dynamic 
modeling

Semi-empirical thermal 
model. of fuel rod with 
consideration of fuel 
changes, heat transfer, 
fission gas release, etc.

Blowdown code, FORCE, 
finite element, 
structural analysis 
code, and others

Westinghouse fuel 
rod design model

Nuclear design

1. Cross sections 

2. 3D power dis
tributions, bo
ron concentra
tions, reacti-

40 Group 2D neutron 
transport theory 

3D 2 Group advanced

CASMO- 3 
PHOENIX- P 

SIMULATE- 3 
ANC

vity coefficients, 
kinetic parameters, 
control rod worths, 
reactor and fuel 
assembly criticality

3. Steam line 3 
break, rod ejec
tion doppler flat
tening factor

D space-time kinetics

Analysis Technique

3.7(N) 
3.9(N) 
3.9(N)

4.2 
4.3 
4.4

4.3 

4.3

STAR 15.0
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4.2 FUEL SYSTEM DESIGN 

The plant design conditions are divided into four categories in accordance 

with their anticipated frequency of occurrence and risk to the public: 
Condition I - Normal Operation; Condition II - Incidents of Moderate 

Frequency; Condition III - Infrequent Incidents; and Condition IV - Limiting 

Faults. Chapter 15 describes bases and plant operation and events involving 

each condition.  

The reactor is designed so that its components meet the following performance 
and safety criteria: 

a. The mechanical design of the reactor core components and their 
physical arrangement, together with corrective actions of the 

reactor control, protection, and emergency cooling systems (when 

applicable) ensure that: 

1. Fuel damage (defined as penetration of the fission product 
barrier i.e., the fuel rod clad) is not expected during 

Condition I and Condition II events. It is not possible, 
however, to preclude a very small number of rod failures. These 

are within the capability of the plant cleanup system and are 

consistent with plant design bases.  

2. The reactor can be brought to a safe state following a 
Condition III event with only a small fraction of fuel rods 

damaged (in any case, the fraction of fuel rods damaged must be 
limited to meet the dose guidelines of 10 CFR 100) although 
sufficient fuel damage might occur to preclude immediate 
resumption of operation.  

3. The reactor can be brought to a safe state and the core can be 

kept subcritical with acceptable heat transfer geometry 
following transients arising from \Condition IV events.  

b. The fuel assemblies are designed to withstand loads induced during 

shipping, handling, and core loading without exceeding the criteria 
of Subsection 4.2.1.5.  

c. The fuel assemblies are designed to accept control rod insertions to 

provide the required reactivity control for power operations and 
reactivity shutdown conditions.  

d. All fuel assemblies have provisions for the insertion of incore 
instrumentation necessary for plant operation.
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e. The reactor internals, in conjunction with the fuel assemblies and 
incore control components, direct reactor coolant through the core.  
This achieves acceptable flow distribution and restricts bypass flow 
so that the heat transfer performance requirements can be met for 
all modes of operation.  

4.2.1 Design Bases 

I The 17 x 17 STD and V5H fuel rod and fuel assembly design bases are 
established to satisfy the general performance and safety criteria presented 
in Section 4.2.  

The fuel rods are designed for a peak rod burnup of approximately 60,000 
megawatt days per metric ton of uranium (MWd/Mtu) in the fuel cycle 
equilibrium condition.  

Design values for the properties of the materials which comprise the fuel rod, 
fuel assembly and incore control components are given in Reference 2 for 
Zircaloy clad in Reference 16 for ZIRLOTm clad fuel. Other supplementary fuel 
design criteria/limits are given in Reference 20.  

4.2.1.1 Cladding 

a. Material and Mechanical Properties 

Zircaloy-4 and ZIRLOTM combine neutron economy (low absorption cross 
section); high corrosion resistance to coolant, fuel, and fission 
products; and hi gh strength and ductility at operating temperatures.  
Reference I documents the operating experience with Zircaloy-4 and 
ZIRLOTM as a clad material. Information on the material chemical and 
mechanical properties of the cladding is given in Reference 2 and 
Reference 16 with due consideration of temperature and irradiation 
effects.  

b. Stress-Strain Limits 

1. Clad Stress 

The von Mises criterion is used to calculate the effective 
stresses. The cladding stresses under Condition I and II 
events are less than the Zircaloy 0.2% offset yield stress, 
with due consideration of temperature and irradiation effects.  
While the cladding has some capability for accommodating 
plastic strain, the yield stress has been accepted as a 
conservative design basis.
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2. Clad Tensile Strain 

The total tensile creep strain is less than 1 percent from the 
unirradiated condition. The elastic tensile strain during a 
transient is less than 1 percent from the pretransient value.  
These limits are consistent with proven practice.  

c. Vibration and Fatigue 

1. Strain Fatigue 

The cumulative strain fatigue cycles are less than the design 
strain fatigue life. This basis is consistent with proven 
practice.  

2. Vibration 

Potential fretting wear due to vibration is prevented by design 
of the fuel assembly grid springs and dimples, assuring that 
the stress-strain limits are not exceeded during design life.  
Fretting of the clad surface can occur due to flow-induced 
vibration between the fuel rods and fuel assembly grid springs.  
Vibration and fretting forces vary during the fuel life due to 
clad diameter creepdown combined with grid spring relaxation.  

d. Chemical Properties 

Chemical properties of the cladding are discussed in Reference 2 for 
Zircaloy-4 and Reference 16 for ZIRLOTM.  

I 4.2.1.2 Fuel Material/Integral Fuel Burnable Absorber (IFBA) 

a. Thermal-Physical Properties 

The thermal-physical properties of U02 are described in Reference 2 
with due consideration of temperature and irradiation effects.  

Fuel pellet temperatures - The center temperature of the hottest 
pellet is to be below the melting temperature of the U02 (melting 
point of 5080 F (Reference 2) unirradiated and decreasing by 58°F 
per 10,000 MWd/Mtu). While a limited amount of center melting can 
be tolerated, the design conservatively precludes center melting. A 
calculated fuel centerline temperature of 4700 F has been selected 
as an overpower limit to assure no fuel melting. This provides 
sufficient margin for uncertainties as described in Subsection 
4.4.2.9.
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The normal design density of the fuel is approximately 95 percent of 
theoretical. Additional information on fuel properties is given in 
Reference 2.  

b. Fuel Densification and Fission Product Swelling 

The design bases and models used for fuel densification and swelling 
are provided in References 4 and 17.  

c. Chemical Properties 

References 2 and 14 provide the basis for justifying that no adverse 
chemical interactions occur between the fuel and adjacent cladding 
material.  

4.2.1.3 Fuel Rod Performance 

The detailed fuel rod design establishes such parameters as pellet size and 
density, cladding-pellet diameter gap, gas plenum size, and helium 
prepressurization level. The design also considers effects such as fuel 
density changes, fission gas release, cladding creep, and other physical 
properties which vary with burnup. The integrity of the fuel rods is ensured 
by designing to prevent excessive fuel temperatures, excessive internal rod 
gas pressures due to fission gas releases, and excessive cladding stresses and 
strains. This is achieved by designing the fuel rods to satisfy the 
conservative design basis in the following subsections during Condition I and 
II events over the fuel lifetime. For each design basis, the performance of 
the limiting fuel rod must not exceed the limits specified.  

a. Fuel Rod Models 

The basic fuel rod models and the ability to predict operating 
characteristics are given in Reference 17 and Subsection 4.2.3.  

b. Mechanical Design Limits 

Fuel rod design methodology described in Reference 18 demonstrates 
that clad flattening will not occur in Westinghouse fuel designs.  
The rod internal. gas pressure will remain below the value which 
causes the fuel/clad diametral gap to increase due to outward 
cladding creep during steady state operation. The maximum rod 
pressure is also, limited so that extensive Departure from Nucleate
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internals assembly is lowered into place.  

All components in the thimble plug assembly, except for the springs, 
are constructed from austenitic stainless steel or Inconel.  

4.2.3 Design Evaluation 

The fuel assemblies, fuel rods and incore control components are designed 
to satisfy the performance and safety criteria of the introduction to 
Section 4.2, the mechanical design bases of Subsection 4.2.1, and other 
interfacing nuclear and thermal hydraulic design bases specified in 
Sections 4.3 and 4.4. Effects of Conditions II, III, IV or Anticipated 
Transients without Trip on fuel integrity are presented in Chapter 15 or 
supporting topical reports.  

The initial step in fuel rod design evaluation for a region of fuel is to 
determine the limiting rod(s). Limiting rods are defined as those rod(s) 
whose predicted performance provides the minimum margin to each of the 
design criteria. For a number of design criteria, the limiting rod is 
the lead burnup rod of a fuel region. In other instances it may be the 
maximum power or the minimum burnup rod. For the most part, no single 
rod will be limiting with respect to all design criteria.  

After identifying the limiting rod(s), a worst-case performance 
evaluation is made which uses the limiting rod design basis power history 
and considers the effects of model uncertainties and dimensional 
variations. Furthermore, to verify adherence to the design criteria, the 
conservative case evaluation also considers the effects of postulated 
transient power increases which are achievable during operation 
consistent with Conditions I and II events. These transient power 
increases can affect both rod and local power levels. The analytical 
methods used in the evaluation result in performance parameters which 
demonstrate the fuel rod behavior. Examples of parameters considered 
include rod internal pressure, fuel temperature, clad stress, and clad 
strain. In fuel rod design analyses, these performance parameters provide 
the basis for comparison between expected fuel rod behavior and the 
corresponding design criteria limits.  

Fuel rod and fuel assembly models used for the various evaluations are 
documented and maintained under an appropriate control system.  
Properties of materials used in the design evaluations are given in 
Reference 2.
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4.2.3.1 Cladding 

a. Vibration and Wear 

Fuel rod vibrations are flow induced. The effect of the vibration 
on the fuel assembly and individual fuel rods is minimal. The 
cyclic stress range associated with deflections of such small 
magnitude is insignificant and has no effect on the structural 
integrity of the fuel rod.  

The reaction force on the grid supports due to rod vibration motions 
is also small and is much less than the spring preload. Firm fuel 
clad spring contact is maintained. No significant wear of the clad 
or grid supports is expected during the life of the fuel assembly, 
based on out-of-pile flow tests performance of similarly designed 
fuel in operating reactors, and design analysis.  

Clad fretting and fuel vibration has been experimentally 
investigated as shown in Reference 10.  

b. Fuel Rod Internal Pressure and Cladding Stresses 

The burnup dependent fission gas release model (Reference 17) is 
used in determining the internal gas pressures as a function of 
irradiation time. The plenum volume of the fuel rod has been 
established to ensure that the maximum internal pressure of the fuel 
rod will not exceed the value which would cause (1) the fuel/clad 
diametral gap to increase during steady state operation and (2) 
extensive DNB propagation to occur (see Subsection 4.2.1.3b).  
The clad stresses at a constant local fuel rod power are low.  
Compressive stresses are created by the pressure differential 
between the coolant pressure and the rod internal gas pressure.  

Because of the prepressurization with helium, the volume average 
effective stresses are always less than approximately 10,000 psi at 
the pressurization level used in the fuel rod design. Stresses due 
to the temperature gradient are not included in this average 
effective stress because thermal stresses are, in general, negative 
at the clad inside diameter and positive at the clad outside 
diameter and their contribution to the clad volume average stress is 
small. Furthermore, the thermal stress decreases with time during 
steady state operation due to stress relaxation. The stress due to 
pressure differential is highest in the minimum power rod at the 
beginning-of-life due to low internal gas pressure. The thermal 
stress is highest in the maximum power rod due to steep temperature 
gradient.
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Tensile stresses could be created once the clad has come in contact 
with the pellet. These stresses would be induced by the fuel pellet 
swelling during irradiation. Fuel swelling can result in small clad 
strains (< 1 percent) for expected discharge burnups but the 
associated clad stresses are very low because of clad creep (thermal 
and irradiation-induced creep). The 1 percent strain criterion is 
extremely conservative for fuel-swelling driven clad strain because 
the strain rate associated with solid fission products swelling is 
very slow. A detailed discussion on fuel rod performance is given 
in Subsection 4.2.3.3.  

c. Materials and Chemical Evaluation 

Zircaloy-4 and ZIRLOTM clad has a high corrosion resistance to the 
coolant, fuel and fission products. As shown in Reference 1, there 
is pressurized water reactor operating experience on the capability 
of Zircaloy-4 and ZIRLOTM as a clad material. Controls on fuel 
fabrication specify maximum moisture levels to preclude clad 
hydriding.  

Metallographic examination of irradiated commercial fuel rods have 
shown occurrences of fuel/clad chemical interaction. Reaction 
layers of 1 mil in thickness have been observed between fuel and 
clad at limited points around the circumference. Metallographic 
data indicate that this interface layer remains very thin even at 
high burnup. Thus, there is no indication of propagation of the 
later and eventual clad penetration.  

Stress corrosion cracking is another postulated phenomenon related 
to fuel/clad chemical interaction. Out-of-pile tests have shown 
that in the presence of high clad tensile stresses, large 
concentrations of selected fission products (such as iodine) can 
chemically attack the tubing and can lead to eventual clad cracking.  
Extensive post-irradiation examination has produced no inpile 
evidence that this mechanism is operative in Westinghouse produced 
commercial fuel.
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d. Rod Bowing 

Reference 11 presents the model used for evaluation of fuel rod 
bowing. The effects of rod bowing or DNBR are described in 
Subsection 4.4.2.2e. Also refer to item e in Section 4.2.  

e. Consequences of Power-Coolant Mismatch 

This subject is discussed in Chapter 15.  

f. Creep Collapse and Creepdown 

This subject and the associated irradiation stability of cladding 
have been evaluated using the models described in Reference 6. It 
has been established that the design basis of no clad collapse 
during planned core life can be satisfied by limiting fuel 
densification and by having a sufficiently high initial internal rod 
pressure.  

g. Irradiation Stability of the Cladding 

As shown in Reference 1, there is PWR operating experience on the 
capability of Zircaloy and ZIRLOTM as a cladding material. Extensive 
experience with irradiated Zircaloy-4 is summarized in Reference 2 
and Reference 16 for ZIRLOTm.  

h. Cycling and Fatigue 

A comprehensive review of the available strain fatigue models was 
conducted by Westinghouse as early as 1968. This review included 
the Langer-O'Donnell model (Reference 12), the Yao-Munse model and 
the Manson-Halford model. Upon completion of this review and using 
the results of the Westinghouse experimental programs discussed 
below, it was concluded that the approach defined by Langer
O'Donnell would be retained and the empirical factors of their 
correlation modified in order to conservatively bound the results of 
the Westinghouse testing program.  

The Westinghouse testing program was subdivided into the following 
subprograms: 

1. A rotating bend fatigue experiment on unirradiated Zircaloy-4 
specimens at room temperature and at 725°F. Both hydrided and 
non-hydrided Zircaloy-4 cladding were tested.  

2. A biaxial fatigue experiment in gas autoclave on unirradiated 
Zircaloy-4 cladding, both hydrided and non-hydrided.
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3. A fatigue test program on irradiated cladding from the CVS and 
Yankee Core V conducted at Battelle Memorial institute.  

The results of these test programs provided information on different 
cladding conditions including the effects of irradiation, of 
hydrogen levels and of temperature.  

The design equations followed the concept for the fatigue design 
criterion according to the ASME Boiler and Pressure Vessel Code, 
Section III.  

it is recognized that a possible limitation to the satisfactory 
behavior of the fuel rods in a reactor which is subjected to daily 
load follow is the failure of the cladding by low cycle strain 
fatigue. During their normal residence time in reactor, the fuel 
rods may be subjected to -1000 cycles with typical changes in power 
level from 50% to 100% of their steady-state values.  

The assessment of the fatigue life of the fuel rod cladding is 
subject to a considerable uncertainty due to the difficulty of 
evaluating the strain range which results from the cyclic 
interaction of the fuel pellets and cladding. This difficulty 
arises, for example, from such high unpredictable phenomena as 
pellet cracking, fragmentation, and relocation. Since early 1968, 
this particular phenomenon has been investigated analytically and 
experimentally.  

Strain fatigue tests on irradiated and non-irradiated hydrided Zr-4 
claddings were performed, which permitted a definition of a 
conservative fatigue life limit and recommendation on a methodology 
to treat the strain fatigue evaluation of Westinghouse reference 
fuel rod designs.  

It is believed that the final proof of the adequacy of a given fuel 
rod design to meet the load follow requirements can only come from 
incore experiments performed on actual reactors. Experience in load 
follow operation dates back to early 1970 with the load follow 
operation of the Saxton reactor. Successful load follow operation 
has been performed on reactor A (>400 load follow cycles) and 

reactor B (>500 load follow cycles). In both cases, there was no 
significant coolant activity increase that could be associated with 
the load follow mode of operation.  

4.2.3.2 Fuel Materials Considerations 

Sintered, high density uranium dioxide fuel reacts only slightly with the 
clad at core operating temperatures and pressures. In the event of clad 
defects, the high resistance of uranium dioxide to attack by water 
protects against fuel deterioration although limited fuel erosion can
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occur. As has been shown by operating experience and extensive 
experimental work, the thermal design parameters conservatively 
account for changes in the thermal performance of the fuel elements 
due to pellet fracture which may occur during power operation. The 
consequences of defects in the clad are greatly reduced by the 
ability of uranium dioxide to retain fission products, including 
those which are gaseous or highly volatile. Observations from 
several operating Westinghouse-supplied pressurized water reactors 
(Reference 9) have shown that fuel pellets can densify under 
irradiation to a density higher than the manufactured values. Fuel 
densification and subsequent settling of the fuel pellets can result 
in local and distributed gaps in the fuel rods. Fuel densification 
has been minimized by- improvements in the fuel manufacturing process 
and by specifying a rnominal 95 percent initial fuel density.  

The evaluation of fuel densification effects and its consideration in 
fuel design are described in References 4 and 5. The treatment of fuel 
swelling and fission gas release are described in Reference 5.  

The effects of waterlogging on fuel behavior are discussed in Subsection 
4.2.3.3.  

4.2.3.3 Fuel Rod Perforinance 

In the calculation of the steady state performance of a nuclear fuel rod, 
the following interacting factors must be considered: 

a. Clad creep and elastic deflection 

b. Pellet density changes, thermal expansion, gas release, and thermal 
properties as a function of temperature and fuel burnup 

c. Internal pressure as a function of fission gas release, rod 
geometry, and temperature distribution.  

These effects are evaluated using a fuel rod design model (Reference 17).  
The model modifications for time dependent fuel densification are also 
given in Reference 17. With the above interacting factors considered, 
the model determines the fuel rod performance characteristics for a given 
rod geometry, power history, and axial power shape. In particular, 
internal gas pressure, fuel and clad temperatures, and clad deflections 
are calculated. The fuel rod is divided into several axial sections and 
radially into a number of annular zones. Fuel density changes are 
calculated separately for each segment. The effects are integrated to 
obtain the internal rod pressure.  

The initial rod internal pressure is selected to delay fuel/clad 
mechanical interaction and to avoid the potential for flattened rod 
formation. It is limited, however, by the design criteria for the rod 
internal pressure (see Subsection 4.2.1.3).
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The gap conductance between the pellet surface and the clad inner 
diameter is calculated as a function of the composition, temperature, and 
pressure of the gas mixture, and the gap size or contact pressure between 
clad and pellet. After computing the fuel temperature for each pellet 
annular zone, the fractional fission gas release is assessed using an 
empirical model derived from experimental data (Reference 17). The total 
amount of gas released is based on the average fractional release within 
each axial and radial zone and the gas generation rate which in turn is a 
function of burnup. Finally, the gas released is summed over all zones 
and the pressure is calculated.  

The code shows good agreement with a variety of published and proprietary 
data on fission gas release, fuel temperatures and clad deflections 
(Reference 17). These data include variations in power, time, fuel 
density, and geometry.
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a. Fuel/Cladding Mechanical Interaction 

One factor in fuel element duty is potential mechanical interaction 
of fuel and clad. This fuel/clad interaction produces cyclic 
stresses and strains in the clad, and these in turn consume clad 
fatigue life. The reduction of fuel/clad interaction is therefore a 
goal of design. The technology of using prepressurized fuel rods 
has been developed to further this objective.  

The gap between the fuel and clad is sufficient to prevent hard 
contact between the two. However, during power operation, a gradual 

compressive creep of the clad onto the fuel pellet occurs due to the 
external pressure exerted on the rod by the coolant. Clad 

compressive creep eventually results in the fuel/clad contact. Once 
fuel/clad contact occurs, changes in power level result in changes 
in clad stresses and strains. By using prepressurized fuel rods to 
partially offset the effect of the coolant external pressure, the 
rate of clad creep toward the surface of the fuel is reduced. Fuel 
rod prepressurization delays the time at which fuel/clad contact 
occurs and hence significantly reduces the extent of cyclic stresses 

and strains experienced by the clad both before and after fuel/clad 
contact. These factors result in an increase in the fatigue life 

margin of the clad and lead to greater clad reliability. If gaps 
should form in the fuel stacks, clad flattening will be prevented by 
the rod prepressurization so that the flattening time will be 
greater than the fuel life time.  

A two-dimensional (r,O) finite element model has been developed to 
investigate the effects of radial pellet cracks on stress 
concentrations in the clad. Stress concentration is defined here as 

the difference between the maximum clad stress in the 0 direction 
and the mean clad stress. The first case has the fuel and clad in 
mechanical equilibrium, and as a result the stress in the clad is 
close to zero. In subsequent cases, the pellet power is increased 
in steps and the resultant fuel thermal expansion imposes tensile 
stress in the clad. In addition to uniform clad stresses, stress 
concentrations develop in the clad adjacent to radial cracks in the 
pellet. These radial cracks have a tendency to open during a power 
increase but the frictional forces between fuel and clad oppose the 
opening of these cracks and result in localized increases in clad 
stress. As the power is further increased, large tensile stresses 
exceed the ultimate tensile strength of U02, and additional cracks 
develop in the fuel thus limiting the magnitude of the stress 
concentration in the clad.
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due to the buildup of zirconium oxide and other substances.  
Secondary failures which have been observed in defective rods are 
attributed to hydrogen embrittlement of the cladding. Post
irradiation examinations point to the hydriding failure mechanism 
rather than a waterlogging mechanism; the secondary failures occur 
as axial cracks or blisters in the cladding and are similar 
regardless of the primary failure mechanism. Such cracks do not 
result in flow blockage, or increase the effects of any postulated 
transients. More information is provided in Reference 19.  

e. Potentially Damaging Temperature Effects During Transients 

The fuel rod experiences many operational transients (intentional 
maneuvers) during its residence in the core. A number of thermal 
effects must be considered when analyzing the fuel rod performance.  

The clad can be in contact with the fuel pellet at some time in the 
fuel lifetime. Clad/pellet interaction occurs if the fuel pellet 
temperature is increased after the clad is in contact with the 
pellet. Clad/pellet interaction is discussed in Subsection 
4.2.3.3a.  

The potential effects of operation with waterlogged fuel are 
discussed in Subsection 4.2.3.3d, which concluded that waterlogging 
is not a concern during operational transients.  

Clad flattening, as shown in Reference 6, has been observed in some 
operating Westinghouse supplied power reactors. Thermal expansion 
(axial) of the fuel rod stack against a flattened section of clad 
could cause failure of the clad. This is no longer a concern.  
because clad flattening is precluded by design during the fuel 
residence in the core (see Subsection 4.2.3.1).  

Potential differential thermal expansion between the fuel rods and 
the guide thimbles during a transient is considered in the design.  
Excessive bowing of the fuel rods is precluded because the grid 
assemblies allow axial movement of the fuel rods relative to the 
grids. Specifically, thermal expansion of the fuel rods is 
considered in the grid design so that axial loads imposed on the 
fuel rods during a thermal transient will not result in excessively 
bowed fuel rods.  

f. Fuel Element Burnout and Potential Energy Release 

As discussed in Subsection 4.4.2.2, the core is protected from DNB 
over the full range of possible operating conditions. In the 
extremely unlikely event that DNB should occur, the clad temperature 
will rise due to degradation in heat transfer caused by steam 
blanketing at the rod surface. During this time, some chemical 
reaction between the cladding and the coolant will occur. However,
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because of the relatively good film boiling heat transfer following 
DNB, and the short time of the transient, the energy release 
resulting from this reaction is insignificant compared to the power 
produced by the fuel.  

g. Coolant Flow Blockage Effects on Fuel Rods 

This evaluation is presented in Subsection 4.4.4.7.  

4.2.3.4 Spacer Grids 

The coolant flow channels are established and maintained by the structure 
composed of grids and guide thimbles. The lateral spacing between fuel rods 
is provided and controlled by the support dimples of adjacent grid cells.  
Contact of the fuel rods on the dimples is maintained by the clamping force of 
the grid springs. Lateral motion of the fuel rods is opposed by the spring 
force and the internal moments generated between the spring and the support 
dimples. Grid testing is discussed in Reference 13.  

As shown in Reference 13., grid crushing tests and seismic and loss-of-coolant 
accident evaluations show that the grids will maintain a geometry that is 
capable of being cooled under the worst-case accident Condition IV event.  

4.2.3.5 Fuel Assembly 

a. Stresses and Deflections 

The fuel assembly component stress levels are limited by the design.  
For example, stresses in the fuel rod due to axial thermal expansion 
and zirconium alloy irradiation growth are limited by the relative 
motion of the rod as it slips over the grid spring and dimple 
surfaces. Clearances between the fuel rod ends and nozzles are 
provided so that zircaloy irradiation growth does not result in rod 
end interferences. Stresses in the fuel assembly caused by tripping 
of the Rod Cluster Control Assembly have little influence on fatigue 
because of the small number of events during the life of an 
assembly. Assembly components and prototype fuel assemblies made 
from production parts have been subjected to structural tests to 
verify that the design bases requirements are met.  

The fuel assembly design loads for shipping and handling have been 
established at 4g axial and 6g lateral. Accelerometers are 
permanently placed into the shipping cask to monitor and detect fuel 
assembly accelerations that would exceed the criteria. Past history 
and experience have indicated that loads which exceed the allowable 
limits rarely occur. Exceeding the limits requires reinspection of 
the fuel assembly for damage. Tests on various fuel assembly 
components such as the grid assembly, sleeves, inserts and structure 
joints have been performed to assure that the shipping design limits
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g. Survey of radiation and contamination levels of new fuel assembly.  

Surveillance of fuel and reactor performance is routinely conducted. Power 
distribution is monitored using excore fixed and incore detectors. Coolant 
activity and chemistry are followed to permit early detection of any fuel clad 
defects.  

Visual irradiated fuel inspections will be conducted as necessary during each 
refueling. Selected fuel assemblies may be inspected for fuel rod failure, 
structural integrity, crud deposition, rod bow and other irregularities. Fuel 
assemblies will be selected for inspection based upon performance history and 
recommendations made by the fuel supplier.  

The fuel inspection program will be expanded to include more fuel assemblies 
or greater detail of examination if high coolant activity is experienced 
during operation, irregularities are noted in fuel performance, irregularities 
are noted during routine inspections, or if a new fuel design is incorporated.  
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4.3-2 are chosen to encompass the best estimate reactivity 
coefficients, including the uncertainties given in Subsection 
4.3.3.3 over appropriate operating conditions calculated for this 

cycle and the expected values for the subsequent cycles. The most 
positive as well as the most negative values are selected to form 
the design basis range used in the transient analysis. A direct 
comparison of the best estimate and design limit values shown in 
Table 4.3-2 can be misleading since in many instances, the most 
conservative combination of reactivity coefficients is used in the 

transient analysis even though the extreme coefficients assumed may 
not simultaneously occur at the condition of lifetime, power level, 
temperature and boron concentration assumed in the analysis. The 
need for re-evaluation of any accident in a subsequent cycle is 
contingent upon whether or not the coefficients for that cycle fall 
within the identified range used in the analysis presented in 
Chapter 15 with due allowance for the calculational uncertainties 
given in Subsection 4.3.3.3. Control rod requirements are given in 

Table 4.3-3 for the core described and for a hypothetical 
equilibrium cycle since these are markedly different. These latter 
numbers are provided for information only and their validity in a 
particular cycle would be an unexpected coincidence.  

4.3.2.4 Control Requirements 

To ensure the shutdown margin stated in the Technical Specifications and the 

Core Operating Limits Report under conditions where a cooldown to ambient 

temperature is required, concentrated soluble boron is added to the coolant.  

Boron concentrations for several core conditions are listed in Table 4.3-2.  

For all core conditions including refueling, the boron concentration is well 

below the solubility limit. The Rod Cluster Control Assemblies are employed 
to bring the reactor to the hot shutdown condition. The minimum required 
shutdown margin is given in the Technical Specifications.  

The ability to accomplish the shutdown for hot conditions is demonstrated in 

Table 4.3-3 by comparing the difference between the Rod Cluster Control 

Assembly reactivity available with an allowance for the worst stuck rod with 

that required for control and protection purposes. The shutdown margin 

includes an allowance of 10 percent for analytic uncertainties (see Subsection 
4.3.2.4i). The largest reactivity control requirement appears at the EOL when 

the moderator temperature coefficient reaches its peak negative value as 
reflected in the larger power defect.  

The control rods are required to provide sufficient reactivity to account for 

the power defect from full power to zero power and to provide the required 

shutdown margin. The reactivity addition resulting from power reduction 

consists of contributions from Doppler, variable average moderator 

temperature, flux redistribution, and reduction in void content as discussed 
below.
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a. Doppler 

The Doppler effect arises from the broadening of U-238 and Pu-240 
resonance peaks with an increase in effective pellet temperature.  
This effect is most noticeable over the range of zero power to full 
power due to the large pellet temperature increase with power 
generation.  

b. Variable Average Moderator Temperature 

When the core is shutdown to the hot, zero power condition, the 
average moderator temperature changes from the equilibrium full load 
value determined by the steam generator and turbine characteristics 
(steam pressure, heat transfer, tube fouling, etc.) to the 
equilibrium no load value, which is based on the steam generator 
shell side design pressure. The design change in temperature is 
conservatively increased by 7.6°F to account for the control dead 
band and measurement errors.  

c. Redistribution 

During full power operation, the coolant density decreases with core 
height, and this, together with partial insertion of control rods, 
results in less fuel depletion near the top of the core. Under 
steady state conditions, the relative power distribution will be 
slightly asymmetric towards the bottom of the core. On the other 
hand, at Hot Zero Power conditions, the coolant density is uniform 
up the core, and there is no flattening due to the Doppler. The 
result will be a flux distribution which at zero power can be skewed 
toward the top of the core. The reactivity insertion due to the 
skewed distribution is calculated with an allowance for effects of 
xenon distribution.  

d. Void Content 

A small void content in the core is due to nucleate boiling at full 
power. The void collapse coincident with power reduction makes a 
small reactivity contribution.  

e. Rod Insertion Allowance 

At full power, the control bank is operated within a prescribed band 
of travel to compensate for small periodic changes in boron 
concentration, changes in temperature and very small changes in the 
xenon concentration not compensated for by a change in boron 
concentration. When the control bank reaches either limit of this 
band, a change in boron concentration is required to compensate for 
additional reactivity changes. Since the insertion limit is set by
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2. Radial Power Distribution 

The core described herein is calculated to be stable against 
X-Y xenon induced oscillations at all times in life.  

The X-Y stability of large PWRs has been further verified as 
part of the startup physics test program for cores with 193 
fuel assemblies. The measured X-Y stability of the cores with 
157 and 193 assemblies was in good agreement with the 
calculated stability as discussed in Subsections 4.3.2.7d and 
4.3.2.7e. In the unlikely event that X-Y oscillations occur, 
backup actions are possible ana would be implemented if 
necessary, to increase the natural stability of the core as 
discussed in the Technical Specifications. This is based on 
the fact that several actions could be taken to make the 
moderator temperature coefficient more negative, which will 
increase the stability of the core in the X-Y plane.  

Provisions for protection against nonsymmetric perturbations in 
the X-Y power distribution that could result from equipment 
malfunctions are made in the protection system design. This 
includes control rod drop, rod misalignment and asymmetric loss 
of coolant flow.  

4.3.2.8 Vessel Irradiation 

A brief review of the methods and analyses used in the determination of 
neutron and gamma ray flux attenuation between the core and the pressure 
vessel is given below. A more complete discussion on the pressure vessel 
irradiation and surveillance program is given in Section 5.3.  

The materials that serve to attenuate neutrons originating in the core and 
gamma rays from both the core and structural components consist of the core 
baffle, core barrel, neutron pads and associated water annuli, all of which 
are within the region between the core and the pressure vessel.  

In general, few group neutron diffusion theory codes are used to determine 
fission power density distributions within the active core, and the accuracy 
of these analyses is verified by incore measurements on operating reactors.  
Region and rodwise power sharing information from the core calculations is 
then used as source information in two-dimensional Sn transport calculations 
which compute the flux distributions throughout the reactor.  

The neutron flux distribution and spectrum in the various structural compo
nents varies significantly from the core to the pressure vessel. Representa
tive values of the neutron flux distribution and spectrum are presented in 
Table 4.3-5. The values listed are based on time averaged equilibrium cycle 
reactor core parameters and power distributions; and, thus, are suitable for 
long-term nvt projections and for correlation with radiation damage estimates.
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As discussed in Section 5.3, the irradiation surveillance program utilizes 
actual test samples to verify the accuracy of the calculated fluxes at the 
vessel.  

4.3.3 Analytical Methods 

Calculations required in nuclear design consist of three distinct types, which 
are performed in sequence: 

1. Determination of effective fuel temperatures 

2. Generation of macroscopic few-group parameters 

3. Space-dependent, few-group diffusion calculations.  

These calculations are carried out by computer codes which can be executed 
individually; however, most of the codes required have been linked to form an 
automated design sequence which minimizes design time, avoids errors in 
transcription of data, and standardizes the design methods.  

4.3.3.1 Fuel Temperature (Doppler) Calculations 

Temperatures vary radially within the fuel rod, depending on the heat genera
tion rate in the pellet, the conductivity of the materials in the pellet, gap, 
and clad, and the temperature of the coolant.  

The fuel temperatures for use in nuclear design Doppler calculations are 
obtained from the fuel rod design model described in Subsection 4.2.1.3 
which considers the effect of radial variation of pellet conductivity, 
expansion-coefficient and heat generation rate, elastic deflection of the 
clad, and a gap conductance which depends on the initial fill gap, the hot 
open gap dimension, fuel swelling, fission gas release, and plastic clad 
deformation. Further gap closure occurs with burnup and accounts for the 
decrease in Doppler defect with burnup.  

4.3.3.2 Macroscopic Grot! Constants 

Macroscopic few-group constants and analogous microscopic cross sections 
(needed for feedback and microscopic depletion calculations) are generated for 
fuel cells by a recent version of the CASMO or PHOENIX-P (References 1 and 11) 
code, which provide burnup dependent cross sections. Fast and thermal cross 
section library tapes contain microscopic cross sections taken from the 

I ENDF/B-VI library, with a few exceptions where other data provided good 
agreement with critical experiments, isotopic measurements, and plant critical 
boron values. The effect on the unit fuel cell of nonlattice components in 
the fuel assembly is obtained by supplying an appropriate volume fraction of 
these materials in an extra region which is homogenized with the unit cell in 
the fast and thermal flux
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calculations. In the thermal calculation, the fuel rod, clad, and moderator 
are homogenized by energy-dependent disadvantage factors derived from an 
analytical fit to integral transport theory results.  

Group constants for control rods, IFBA rods, guide thimbles, instrument 
thimbles and interassembly gaps are generated in a manner analogous to the 
fuel cell calculation. Baffle and reflector group constants are taken from 
two dimensional PHOENIX-P models of the core and baffle/reflector internals.  

Nodal group constants are obtained by a flux-volume homogenization of the fuel 

cells, burnable poison cells, guide thimbles, instrumentation thimbles, 
interassembly gaps, and control rod cells from one mesh internal per cell X-Y 

unit fuel assembly diffusion calculations.  

I Validation of the cross section method is based on analysis of isotopic data, 

plant critical boron (CB) values at HZP, BOL and at HFP as a function of 
burnup as shown in Reference 11. Control rod worth measurements are also 
shown in Reference 11.  

Confirmatory critical experiments on burnable poisons are described in 
Reference 1.  

4.3.3.3 Spatial Three Dimensional Calculations 

Spatial three dimensional calculations consist primarily of two-group advanced 
nodal calculations using a version of ANC (Reference 12) or SIMUIATE 
(Reference 2). Full three dimensional calculations are performed using four 
radial nodes per assembly and twenty four axial nodes. Pin power 
reconstruction is performed within the code to determine discrete pin powers 
and detailed detector reaction rates. The code also contains means to follow 
the core spectral history to compensate for depletion of nodes not at the 
general conditions used in generating the cross sections.  

Validation of ANC and SIMUIATE calculations is associated with the validation 
of the group constants themselves, as discussed in Subsection 4.3.3.2.  
Validation of the Doppler calculations is associated with the fuel temperature 
validation discussed in Subsection 4.3.3.1. Validation of the moderator 
coefficient calculations is obtained by comparison with plant measurements at 
Hot Zero Power conditions.  

Validation of the spatial codes for calculating power distributions involves 
the use of incore and excore detectors and is discussed in Subsection 
4.3.2.2g.
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TABLE 4.3-2 
(Sheet 1 of 2) 

NUCLEAR DESIGN PARAMETERS 
(Typical Low Leakage Cycle Design)

Core Average Linear Power, kW/ft. including 
densification effects 

Total Heat Flux Hot Channel Factor, FQ

Nuclear Enthalpy Rise Hot Channel Factor, FAu 

Reactivity Coefficients+ 
Doppler-only Power, Lower Curve Coefficients, 

pcm/% power++ 
(See Figure 15.1-3, Sh. 1), Upper Curve 
Doppler Temperature Coefficient pcm/°F++ 
Moderator Temperature Coefficient, pcm/OF++ 
Boron Coefficient, pcm/ppm++ 
Rodded Moderator Density, pcm/gm/cc++ 

Delayed Neutron Fraction and Lifetime

5.44 

2.50 

1.65

Design Limits 

-19.4 to -12.6 
-9.55 to -6.05 
-2.9 to -1.2 
+5. to -47 
-16 to -7 
_<0.50xl05

Best Estimate 

-15 to -11 
-14 to -8.5 
-2.0 to -1.3 
+2. to -39.  
-14.5 to -7.3 
<0.28xi0

5

Peff BOL, (EOL) 0.0075, (0.0044)

Control Rods

Rod Requirements 
Maximum Bank Worth, pcm 
Maximum Ejected Rod Worth

See Table 4.3-3 
< 2000 
See Chapter 15

+ Uncertainties are given in Subsection 4.3.3.3 
++Note: 1 pcm - (percent mille) 10-5 Ap where Ap is calculated from two statepoint values of kff by ln(K2/K1 ).

(
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TABLE 4.3-2 
(Sheet 2 of 2) 

NUCLEAR DESIGN PARAMETERS 
(Typical Low Leakage Cycle Design) 

Radial Factor Peak Pin FAh (BOL to EOL) 

Unrodded 1.44 to 1.40 
D bank 1.44 to 1.40 
D + C 1.55 to 1.44 

Boron Concentrations 

Zero Power, keff - 0.99, Cold Rod Cluster 
Control Assemblies Out 1745 

Zero Power, keff - 0.99, Hot Rod Cluster 
Control Assemblies Out 1873 

Design Basis Refueling Boron Concentration 2000 
Zero Power, keff - 0.95, Cold Rod Cluster 

Control Assemblies In 1424 
Zero Power, keff - 1.00, Hot Rod Cluster 

Control Assemblies Out 1739 
Full Power, No Xenon, k~ff - 1.0, Hot Rod 

Cluster Control Assemblies Out 1564 
Full Power, Equilibrium Xenon, k~ff - 1.0, 

Hot Rod Cluster Control Assemblies Out 1179 
Reduction with Fuel Burnup 

Cycle ppm/GWd/Mtu+++ See Figure 4.3-3

++++ Gigiwatt Day (GWd) - 1000 Megawatt Day (1000 MWd).
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TABLE 4.3-3 

REACTIVITY REQUIREMENTS FOR ROD CLUSTER CONTROL ASSEMBLIES 

Reactivity Effects, Beginning-of-Life End-of-Life End-of-Life 
Percent (First Cycle) (First Cycle) (Typical Low Leakage 

Cycle) 

1. Control requirements 
IU'i LeiLpetdULt, "UPPLCL k IOl.JJ L. J . .. .L.JJ 

Moderator temperature** (%Ap) 0.15 1.22 1.20 
Redistribution (%Ap) 0.50 0.85 
Rod insertion allowance (%Ap) 0.50 0.50 0.45 

2. Total control (%Ap) 2.51 3.69 3.18 

3. Estimated Rod Cluster Control Assembly 
worth (57 rods, Ag-In-Cd) 

a. All full length assemblies 
inserted (%Ap) 8.73 8.83 7.42 

b. All but one (highest worth) 
assemblies inserted (%Ap) 7.69 7.76 6.58 

4. Estimated Rod Cluster Control Assembly 
credit with 10 percent adjustment to 
accommodate uncertainties, 3b - 10 
percent (%Ap) 6.92 6.98 5.93 

5. Shutdown margin available, 4-2 (%Ap) 4.41 3.29 2.75**** 

** Includes void effects 
Redistribution included in Doppler portion 

**** The design basis minimum shutdown is 1.3%.

K
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TABLE 4.3-4 

AXIAL STABILITY INDEX PRESSURIZED WATER 
REACTOR CORE WITH A 12 FOOT HEIGHT

REVISION 4

(1Ypm)

1065 

700

Difference:

Stability Index (hr-1 ) 
Exp Calc 

-0.041 -0.032 

-0.014 -0.006 

+0.027 +0.026

Burnup 
(MWd/Mtu) 

1550 

7700

1.34 

1.27
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4.4 THERMAL AND HYDRAULIC DESIGN 

4.4.1 Design Bases 

The overall objective of the thermal and hydraulic design of the reactor core 
is to provide adequate heat transfer which is compatible with the heat 
generation distribution in the core such that heat removal by the Reactor 
Coolant System or the Emergency Core Cooling System (when applicable) assures 

that the following performances and safety criteria requirements are met: 

a. Fuel damage (defined as penetration of the fission product barrier, 
i.e., the fuel rod clad) is not expected during normal operation and 
operational transients (Condition I) or any transient conditions 
arising from faults of moderate frequency (Condition II). It is not 

possible, however, to preclude a very small number of rod failures.  
These will be within the capability of the plant cleanup system, and 
are consistent with the plant design bases.  

b. The reactor can be brought to a safe state following a Condition III 
event with only a small fraction of fuel rods damaged (see above 

definition) although sufficient fuel damage might occur to preclude 

resumption of operation without considerable outage time.  

c. The reactor can be brought to a safe state and the core can be kept 
subcritical with acceptable heat transfer geometry following 
transients arising from Condition IV events.  

In order to satisfy the above criteria, the following design bases have been 
established for the thermal and hydraulic design of the reactor core.  

4.4.1.1 Departure From Nucleate Boiling Design Basis 

a. Basis 

There will be at least 95 percent probability that departure from 

nucleate boiling (DNB) will not occur on the limiting fuel rods 
during normal operation and operational transients and any transient 
conditions arising from faults of moderate frequency (Conditions I 
and II events), at 95 percent confidence level.  

For this application, the Design Limit DNBR values for 17 x 17 V5H 
+(w/o IFMs) are 1.27 for typical cells and 1.26 for thimble cells.  
The design limit DNBR values for V5H + (w/IFMs) are 1.26 for typical 
cells and 1.24 for thimble cells. For use in the DNB safety 

analyses, the limit DNBR is conservatively increased to provide DNB 
margin to offset the effect of rod bow, transition core, RCS flow a 
normally and any other DNB penalties that may occur, and to provide 
flexibility in design and operation of the plant. For V5H + (w/o 
IFMs) fuel, Safety Analysis Limit DNBR values of 1.40 for both 
typical and thimble cells are employed in the analysis. For V5H +
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(w/IFMs) fuel, Safety Analysis Limit DNBR value of 1.91 for both 
typical and thimble cells are employed in the analysis.  

b. Discussion 

By preventing DNB, adequate heat transfer is assured between the 
fuel clad and the reactor coolant, thereby preventing clad damage as 
a result of inadequate cooling. Maximum fuel rod surface 
temperature is not a design basis, as it will be within a few 
degrees of coolant temperature during operation in the nucleate 
boiling region.  

Limits provided by the nuclear control and protection systems are 
such that this design basis will be met for transients associated 
with Condition II events including overpower transients. There is 
an additional large DNBR margin at rated power operation and during 
normal operating transients.  

The thermal-hydraulic analysis of the 17 x 17 V5H + (w/o IFMs) and 
V5H (w/IFMs) fuel used in Seabrook Station incorporates the use of 
the VIPRE-01 computer code and the Revised Thermal Design Procedure 
(RTDP). The W&5-1 DNB correlation is used for the V5H (w/o IFMs) 
and the WRE-2 DNB correlation is used for the V5H (w/IFMs). The W-3 
correlation is still used when conditions are outside the range of 
the WRB-l or WRP3-2 correlations and applicability of the RTDP.  

The WRB-l DNB correlation is based entirely on rod bundle data and 
takes credit for the significant improvement in the accuracy of the 
critical heat flux predictions over previous DNB correlations. The 
approval of the NRC that a 95/95 limit DNBR of 1.17 is appropriate 
for the V5H (w/o IFMs) and 17 x 17 standard fuel assemblies has been 
documented.  

The WRB-2 DNB correlation is a modification of the WRB-l DNB 
correlation, based on rod bundle data, that takes advantage of the 
DNB benefit of reduced grid spacings associated with IFMs. The 
approval of the NRC that a 95 x 95 limit DNBR of 1.17 is appropriate 
in the V5H (w lFMs) has been documented.  

The W-3 correlation with a 95/95 limit DNBR of 1.30 is used below 
the fuel assembly first mixing vane grid. The W-3 correlation with 
a 95/95 limit DNBR of 1.45 is used in the pressure range of 500 to 
1000 psia.  

With RTDP methodology, variations in plant operating parameters, 
nuclear and thermal parameters, fuel fabrication parameters, and DNB 
correlation predictions are considered statistically to obtain the 
overall DNBR uncertainty factor which is used to define the design 
limit DNBR that satisfies the DNB design criterion. The
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criterion is that the probability that DNB will not occur on the 
most limiting fuel rod is at least 95 percent (at 95 percent 
confidence level) for any Condition I or II event. Conservative 
uncertainty values used to calculate the design limit DNBR are based 
on Reference 9. Since the uncertainties are all included in the 
uncertainty factor, the accident analysis is done with input 
parameters at their nominal or best-estimate values. RTDP analyses 
use a new flow parameter, minimum measured flow (MMF), equal to 
thermal design flow (TDF) plus a flow uncertainty. Analyses by 
standard methods continue to use TDF.  

4.4.1.2 Fuel Temperature Design Basis 

a. Basis 

During modes of operation associated with Condition I and Condition 
II events, there is at least a 95 percent probability that the peak 
kW/ft fuel rods will not exceed the U0 2 melting temperature at the 
95 percent confidence level. The nominal melting temperature of U0 2 

is taken as 5080°F (Reference 1), unirradiated, decreasing 58°F per 
10,000 MWd/Mtu exposure.  

b. Discussion 

By precluding U0 2 melting, the fuel geometry is preserved and 
possible adverse effects of molten U0 2 on the cladding are 
eliminated. Cycle-specific values for the peak linear heat 
generation rate precluding centerline melt are determined as a 
function of fuel rod average exposure. The determination of these 
values includes allowance of sufficient margin to accomodate the 
uncertainties in the thermal evaluations described in Subsection 
4.4.2.9a. To preclude fuel centerline melting, these values are 
observed as an overpower limit for Condition I and II events, and 
employed as a basis for overpower protection system setpoints.  
Fuel rod thermal evaluations are performed at various burnups to 
assure that this design basis as well as the fuel integrity design 
bases given in Section 4.2 is met.  

4.4.1.3 Core Flow Design Basis 

a. Basis 

A minimum of 93.7 percent of the thermal flow rate will pass through 
the fuel rod region of the core and be effective for fuel rod 
cooling. Coolant flow through the thimble tubes, as well as the 
leakage from the core barrel-baffle region into the core, are not 
considered effective for heat removal.

4.4-3
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b. Discussion 

As noted in section 4.4.1.1, in core cooling evaluations the flow 
rate entering the reactor vessel is assumed to be the minimum 
measured flow rate (MMF), when the WRB-l or WRB-2 correlation and 
RTDP are applicable, and the thermal design flow rate (TDF) 
otherwise. A maximum of 4.8 percent of the MMF value is allotted as 
bypass flow. Similarly, a maximum of 6.3 percent of the TDF value 
is allotted as bypass flow. These values include rod cluster 
control guide thimble cooling flow for the case of all thimble plug 
assemblies inserted, head cooling flow, baffle leakage, and leakage 
to the vessel outlet nozzle.  

4.4.1.4 Hydrodynamic Stability Design Basis 

Modes of operation associated with Conditions I and II events shall not lead 
to hydrodynamic instability.  

4.4.1.5 Other Considerations 

The above design bases, together with the fuel clad and fuel assembly design 
bases given in Subsection 4.2.1, are sufficiently comprehensive so additional 
limits are not required.  

Fuel rod diametral gap characteristics, moderator-coolant flow velocity and 
distribution, and moderator void are not inherently limiting. Each of these 
parameters is incorporated into the thermal and hydraulic models used to 
ensure the above-mentioned design criteria are met. For instance, the fuel 
rod diametral gap characteristics change with time (see Subsection 4.2.3.3) 
and the fuel rod integrity is evaluated on that basis. The effect of the 
moderator flow velocity and distribution (see Subsection 4.4.2.2) and 
moderator void distribution (see Subsection 4.4.2.4) are included in the core 
thermal (VIPRE-OI) evaluation and thus affect the design bases.  

Meeting the fuel clad integrity criteria covers possible effects of clad 
temperature limitations. As noted in Subsection 4.2.3.3, the fuel rod 
conditions change with time. A single clad temperature limit for Condition I 
or Condition II events is not appropriate since, of necessity, it would be 
overly conservative. A clad temperature limit is applied to the loss-of
coolant accident (Subsection 15.6.5), control rod ejection accident, and 
locked rotor accident.  

4.4.2 Description 

4.4.2.1 Summary Comparison 

The design of the four-loop standard plant, Seabrook Unit 1 as described in
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this report, has similar thermal and hydraulic parameters as the W. B. McGuire 
Nuclear Station, Units I and 2, reactor design.  

Values of pertinent parameters, along with critical heat flux ratios, fuel 
temperatures and linear heat generation rates, are presented in Table 4.4-1 
for all coolant loops in service. It is also noted, that in this power 
capability evaluation there has not been any change in the design criteria.  
The reactor is still designed to meet the DNB design criterion of Section 
4.4.1.1, as well as no fuel centerline melting during normal operation, 
operational transients and faults of moderate frequency.  

All DNB analyses were performed such that the DNBR margins are available for 
offsetting rod bow penalties and for flexibility in design.  

Fuel densification has been considered in the DNB and fuel temperature 
evaluations.  

4.4.2.2 Critical Heat Flux Ratio or Departure from Nucleate Boiling Ratio 
and Mixing Technology 

The minimum DNBRs for the rated power, design overpower and anticipated 
transient conditions are given in Table 4.4-1. The minimum DNBR in the 

I limiting flow channel is usually downstream of the peak heat flux location 
(hot spot) due to the increased downstream enthalpy rise.  

DNBRs are calculated by using the correlation and definitions described in the 
following Subsections 4.4.2.2a and 4.4.2.2b. The VIPRE-01 computer code 
(discussed in Subsection 4.4.4.5a) is used to determine the flow distribution 
in the core and the local conditions in the hot channel for use in the DNB 
correlation. The use of hot channel factors is discussed in Subsection 
4.4.4.3a (nuclear hot channel factors) and in Subsection 4.4.2.2d (hot channel 
factors).  

a. Departure from Nucleate Boiling Technology 

The WRB-l and WRB-2 DNB correlations are used to evaluate critical 
heat flux in the fuel assemblies. The W-3 correlation with a 95/95 
limit DNBR of 1.30 is used below the fuel assembly first mixing vane 
grid. The W-3 correlation with a 95/95 limit DNBR of 1.45 is used 
in the pressure range of 500 to 1000 psia. These correlations are 
tested against measured heat flux data in order to establish 
correlation limits which satisfy the DNB design basis stated in 
Section 4.4.1.1. The WRB-l correlation takes advantage of the 
improvement in the accuracy of critical heat flux predictions over 
previous DNBR correlations to establish a lower correlation limit of 
1.17. The WRB-2 correlation taken advantage of the DNB benefit of 
reduced grid specifics associated with IFMs.

4.4-5
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b. Definition of Departure from Nucleate Boiling Ratio (DNBR) 

The DNB heat flux ratio (DNBR) as applied to this design when all 
flow cell walls are heated, is: 

DNBR _ q"DN(4 

q" loc 

where: 
(4.4-2) 

q" DNBN = "DNB,EU 

F 

q"DNB,EU is the uniform DNB heat flux as predicted by the WRB-l 
(Reference 7), WRB-2 (Reference 80), or W-3 (Reference 8) DNB 
correlation.  

F is the flux shape factor to account for nonuniform axial heat flux 
distributions (Reference 8) with the -C" term modified as in 
Reference 3.  

q"joc is the actual local heat flux.  

A multiplier of 0.88 is applied for all DNB analyses using the W-3 
correlation.  

The DNBR when a cold wall is present is the same as equation 4.4-1 
above when the WRB-1 or WRB-2 correlations are applied. When the W
3 correlation is applied, the DNBR is: 

q " DN•S, N, CW (4.4-4) 
DNBR = 

q~loc 

where: 

q"DNB,N,CW = q"DNB,EU,Dh X CWF (4.4-5) 

F 

q"DNB,EU,Dh is the uniform DNB heat flux as predicted by the W-3 cold 
wall DNB correlation (Reference 3) when not all flow cell walls are 
heated (thimble cold wall cell).  

CWF = 1.0-.Ru [ 13.76 - 1.37el. 78x -4.732 G 1 0.0535 
i0 -473 (4.4-6)
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and Ru = 1 - De/Dh.  

Values of minimum DNB provided in Tables 4.4-1 and 4.4-2 are the 
limiting values obtained by applying the above two definitions of 
DNBR to the appropriate cell (typical cell with all walls heated, or 
a thimble cold wall cell with a partial heated wall condition).  

c. Mixing Technology 

1. Flow Mixing 

The subchannel mixing model incorporated in the VIPRE-01 Code 
and used in reactor design is based on experimental data 
(Reference 17). The mixing vanes incorporated in the spacer 
grid design induce additional flow mixing between the various 
flow channels in a fuel assembly as well as between adjacent 
assemblies. This mixing reduces the enthalpy rise in the hot 
channel resulting from local power peaking or unfavorable 
mechanical tolerances.  

2. Thermal Diffusion 

The rate of heat exchange by mixing between flow channels is 
proportional to the difference in the local mean fluid enthalpy 
of the respective channels of the local fluid density and flow 
velocity. The proportionality is expressed by the 
dimensionless thermal diffusion coefficient (TDC) which is 
defined as: 

TDC = w' 

pVa (4.4-7) 

where: 

w' = flow exchange rate per unit length, (lb./ft-sec) 
p = fluid density, lb./ft 3 

V = fluid velocity, ft/sec 
a = lateral flow area between channels per unit length, ft 2 /ft 

The application of the TDC in the VIPRE-01 analysis for 
determining the overall mixing effect or heat exchange rate is 
presented in Reference 81.  

As a part of an ongoing research and development program, 
Westinghouse has sponsored and directed mixing tests at 
Columbia University (Reference 12). These series of tests,
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using the "R" mixing vane grid design on 13, 26 and 32 inch grid 
spacing, were conducted in pressurized water loops at Reynolds 
numbers similar to that of PWR core under the following single and 
two phase (subcooled boiling) flow conditions: 

Pressure 1500 to 2400 psia 
Inlet temperature 332 to 642 0F 
Mass velocity 1.0 to 3.5xi06 ib/hr-ft 2 

Reynolds number 1.34 to 7.45x10 5 

Bulk outlet quality -52.1 to 13.5% 

TDC is determined by comparing code predictions with the 
measured subchannel exit temperatures. Data for 26 inch axial 
grid spacing are presented in Figure 4.4-1 where the thermal 
diffusion coefficient is plotted versus the Reynolds number.  
TDC is found to be independent of Reynolds number, mass 
velocity, pressure and quality over the ranges tested. The two 
phase data (local, subcooled boiling) fell within the scatter 
of the single phase data. The effect of two-phase flow on the 
value of TDC has been demonstrated by Cadek (Reference 12), 
Rowe and Angle (References 13 and 14), and Gonzalez-Santalo and 
Griffith (Reference 15). In the subcooled boiling region, the 
values of TDC were indistinguishable from the single phase 
values. In the quality region, Rowe and Angle show that in the 
case with rod spacing similar to that in PWR reactor core 
geometry, the value of TDC increased with quality to a point 
and then decreased, but never below the single phase value.  
Gonzalez-Santalo and Griffith showed that the mixing 
coefficient increased as the void fraction increased.  

The data from these tests on the "R" grid showed that a design 
TDC value of 0.038 (for 26 inch grid spacing) can be used in 
determining the effect of coolant mixing.  

A mixing test program similar to the one described above was 
conducted at Columbia University for the 17x17 geometry and 
mixing van.e grids on 26 inch spacing (Reference 16). The mean 
value of TDC obtained from these tests was 0.059, and all data 
was well above the current design value of 0.038.  

Since the actual reactor grid spacing is approximately 20 
inches, additional margin is available for this design, as the 
value of IDC increases as grid spacing decreases (Reference 
12).  

The inclusion of three intermediate flow mixer grids in the 
upper span of the V5H (w IFMs) fuel assembly results in a grid 
spacing of approximately 10 inches. Per Reference 80, a TDC 
value of 0.038 was chosen as a conservatively low value for use 
in V5H (w IFMs) to determine the effect of constant mixing
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in the core thermal performance analysis.  

3. Inlet Flow Maldistribution 

A conservatively low total core inlet flow is used in VIPRE-01 
subchannel analysis. The applicable core inlet flow is reduced 
by a cycle-specific factor accounting for the effect of inlet 
flow maldistribution on core thermal performance.  
Determination of the flow reduction factor is discussed in 
Subsection 4.4.4.2b.  

4. Flow Redistribution 

Redistribution of flow in the hot channel resulting from the 
high flow resistance in the channel due to local or bulk 
boiling and the effect of the nonuniform power distribution is 
inherently considered in the VIPRE-01 analysis for every 
operating condition which is evaluated.  

d. Hot Channel Factors 

The total hot channel factors for heat flux and enthalpy rise are 
defined as the maximum-to-core average ratios of these quantities.  
The heat flux hot channel factor considers the local maximum linear 
heat generation rate at a point (the hot spot), and the enthalpy 
rise hot channel factor involves the maximum integrated value along 
a channel (the hot channel).  

Each of the total hot channel factors considers a nuclear hot 
channel factor (see Subsection 4.4.4.3) describing the neutron power 
distribution and an engineering hot channel factor which allows for 
fabrication tolerances.  

1. Heat Flux Engineering Hot Channel Factor, FQ 

The heat flux engineering hot channel factor is used to 
evaluate the maximum heat flux. This subfactor has a value of 
1.03 and is determined by statistically combining the 
tolerances for the fuel pellet diameter, density, enrichment, 
eccentricity, and the fuel rod diameter. Measured 
manufacturing data on Westinghouse 17x17 fuel were used to 
verify that this value was not exceeded for 95 percent of the 
limiting fuel rods at a 95 percent confidence level. Thus, it 
is expected that a statistical sampling of the fuel assemblies 
of this plant will yield a value no larger than 1.03.
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2. Enthalpy Rise Engineering Hot Channel Factor, FAH 

The effect: of fabrication tolerances on the hot channel 
enthalpy rise is also considered in the core thermal subchannel 
analysis. The development of the WRB-l and WRB-2 DNBR design 
limits used with the RTDP included consideration of the 
fabrication tolerances for pellet diameter, density and 
enrichment, fuel rod diameter, pitch and bowing.  

Values employed in the analysis related to the above 
fabrication variations are based on applicable limiting 
tolerances, such that design values are met for 95 percent of 
the limiting channels at a 95 percent confidence level.  
Measured manufacturing data on Westinghouse 17x17 fuel show the 
tolerances used are conservative. In addition, each fuel 
assembly is checked to assure the channel spacing design 
criteria are met.  

When the W-3 correlation is employed the effect of fabrication 
variations is applied in the VIPRE-01 analysis as a direct 
multiplier on the hot channel enthalpy rise.  

e. Effects of Rod Bow on DNBR 

The phenomenon of fuel rod bowing, as described in Reference 83, 
must be accounted for in the DNBR safety analysis of Condition I and 
Condition II events for each plant application. Applicable generic 
credits for margin resulting from retained conservatism in the 
evaluation of DNBR are used to offset the effect of rod bow.  

For the safety analysis of Seabrook Unit I, sufficient DNBR margin 
was maintained to accommodate full and low flow rod bow DNBR 
penalties identified in Reference 4. The referenced penalties are 
applicable to the analyses using the WRB-l DNB and the WRB-2 DNB 
correlations.  

The maximum rod bow penalty (1.3 percent DNBR) accounted for in the 
design safety analysis is based on an assembly average burnup of 
24,000 MWd/Mtu. At burnups greater than 24,000 MWd/Mtu, credit is 
taken for the effect of FANH burndown, due to the decrease in 
fissionable isotopes and the buildup of fission product inventory, 
and no additional rod bow penalty is required (Reference 85).  

In the upper spans of the V5H + (w IFMs) fuel assembly, additional 
restraint is provided with the intermediate flow mixer grids such 
that the grid-to-grid spacing in those spans with IFM grids is 
approximately 10 inches compared to approximately 20 inches in the 
other spans. Using the NRC approved scaling factor results in 
predicted channel closure in the limiting 10-inch spans of less
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than 50-percent closure. Therefore, no rod bow DNBR penalty is 
required in the 10-inch spans in V5H (w IFMs) safety analyses.  

f. Transition Core DNB Methodology 

The V5H (w/o IFMs) and V5H (w IFMs) designs have been shown to be 
hydraulically compatible in Reference 85.  

The Westinghouse transition core DNB methodology is given in 
References 86, 87, and 88. using this methodology, transition cores 
are analyzed as if the entire core consisted of one assembly type 
(full V5H (w/o IFMs) or full V5H (w IFMs). The resultant DNBRs are 
then reduced by the appropriate transition core penalty.  

The V5H (w IFMs) fuel assembly has a higher mixing vane grid loss 
coefficient relative to the V5H (w/o IFMs) mixing vane grid loss 
coefficient. In addition, the V5H (w IFMs) fuel assembly has IFM 
grids located in spans between mixing vane grids, where no grid 
exists in the V5H (w/o IFMs) assembly. The higher loss coefficients 
and the additional grids introduce localized flow redistribution 
from the V5H (w IFMs) fuel assembly into the V5H (w/o IFMs) assembly 
at the axial zones near the mixing vane grid and the IFM grid 
position in a transition core. Between the grids, the tendency for 
velocity equalization in parallel open channels causes flow to 
return to the V5H (w IFMs) fuel assembly. The localized flow 
redistribution described above actually benefits the V5H (w/o IFMs) 
assembly. This benefit more than offsets the slight mass flow bias 
due to velocity equalization at nongridded locations. Thus, the 
analysis for a full core of V5H (w/o IFMs) is appropriate for that 
fuel type in a transition core. There is no transition core DNBR 
penalty for the V5H (w/o IFMs) fuel.  

The transition core DNBR penalty for V5H (w IFMs) fuel is discussed 
in References 89 and 90. The transition core penalty is a function 
of the number of V5H (w IFMs) fuel assemblies in the core, Reference 
91. Sufficient DNBR margin is maintained in the V5H (w IFMs) safety 
analysis to completely offset this transition core penalty.  

4.4.2.3 Linear Heat Generation Rate 

The core average and maximum LHGRs are given in Table 4.4-1. The method of 
determining the maximum LHGR is given in Subsection 4.3.2.2.  

4.4.2.4 Void Fraction Distribution 

The calculated core average and the hot subchannel maximum and average void 
fractions are presented in Table 4.4-2 for operation at full power with the 
original design hot channel factors. The void fraction distribution in the 
core at various radial and axial locations is presented in Reference 18. The 
void models used in the VIPRE-01 computer code are described in Subsection
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4.4.2.7c. Typical normalized core flow and enthalpy rise distributions are 
shown in Figures 4.4-2 through 4.4-4 for the Cycle 1 core design. The 
distributions are also typical of those which would be found in later 
operating cycles.  

4.4.2.5 Core Coolant Flow Distribution 

Assembly average coolant: mass velocity and enthalpy at various radial and 
axial core locations are given below. Typical coolant enthalpy rise and flow 
distributions are shown :for the 4 foot elevation (1/3 of core height) in 
Figure 4.4-2, and 8 foot elevation (2/3 of core height) in Figure 4.4-3 and at 
the core exit in Figure 4.4-4. These distributions are for the full power 
conditions as given in Table 4.4-1 and for the radial power density 
distribution shown in Figure 4.3-7, which correspond to the Cycle 1 core 
design. The values are also typical for later operating cycles. The analysis 
for this case utilized a uniform core inlet enthalpy and inlet flow 
distribution. No orificing is employed in the reactor design.  

4.4.2.6 Core Pressure Drops and Hydraulic Loads 

a. Core Pressure Drops 

The analytical model and experimental data used to calculate the 
pressure drops shown in Table 4.4-1 are described in Subsection 
4.4.2.7. The core pressure drop includes the fuel assembly, lower 
core plate, and upper core plate pressure drops. The full power 
operation pressure drop values shown in Table 4.4-1 are the 
unrecoverable pressure drops across the vessel, including the inlet 
and outlet nozzles, and across the core. These pressure drops are 
based on a measured flow of 404,000 GPM total for actual plant 
operating conditions as described in Section 5.1.  

Uncertainties associated with the core pressure drop values are 
discussed in Subsection 4.4.2.9b.  

b. Hydraulic Loads 

The fuel assembly hold down springs, Figure 4.2-2, are designed to 
keep the fuel assemblies in contact with the lower core plate under 
all Condition I and II events, with the exception of the turbine 
overspeed transient associated with a loss of external load. The 
hold down springs are designed to tolerate the possibility of an 
over deflection associated with fuel assembly liftoff for this case, 
and provide contact between the fuel assembly and the lower core 
plate following this transient. More adverse flow conditions occur 
during a loss-of-coolant accident. These conditions are presented 
in Subsection 15.6.5.  

Hydraulic loads at normal operating conditions are calculated 
considering the mechanical design flow which is described in Section
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5.1 and accounting for the minimum core bypass flow based on 
manufacturing tolerances. Core hydraulic loads at cold plant 
startup conditions are based on the cold mechanical design flow, but 
are adjusted to account for the coolant density difference.  
Conservative core hydraulic loads for a pump overspeed transient, 
which could possibly create flow rates 18 percent greater than the 
best estimate flow, are evaluated to be approximately twice the fuel 
assembly weight.  

4.4.2.7 Correlation and Physical Data 

a. Surface Heat Transfer Coefficients 

Forced convection heat transfer coefficients are obtained from the 
familiar Dittus-Boelter correlation (Reference 20), with the 
properties evaluated at bulk fluid conditions: 

hDe = 0.023 fDeCG 0.8 [Cpiz 0.4 

K u J IK J (4.4-8) 

where: 

h = heat transfer coefficient, (Btu/hr-ft 2 °F) 
De = equivalent diameter, (ft) 
K - thermal conductivity, (Btu/hr-ft-°F) 
G = mass velocity, (lbm/hr-ft 2 ) 
S= dynamic viscosity, (lbm/ft-hr) 
Cp = heat capacity, (Btu/lbm -'F) 

This correlation has been shown to be conservative (Reference 21) 
for rod bundle geometries with pitch-to-diameter ratios in the range 
used by PWRs.  

The onset of nucleate boiling occurs when the clad wall temperature 
reaches the amount of superheat predicted by Thom's correlation, 
Reference 22. After this occurrence the outer clad wall temperature 
is determined by: 

ATsat = (0.072 exp (-P/1260)) (q,) 0
_
5  (4.4-9) 

where: 

ATeat = wall superheat, T, - Tsat, (OF) 
q"- = wall heat flux, (Btu/hr-ft2 ) 

P = pressure, (psia) 
T = outer clad wall temperature, (*F) 
Tsat= saturation temperature of coolant at P, (OF)
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b. Total Core and Vessel Pressure Drop 

Unrecoverable pressure losses occur as a result of viscous drag 
(friction) and/or geometry changes (form) in the fluid flow path.  
The flow field :is assumed to be incompressible, turbulent, single
phase water. These assumptions apply to the core and vessel 
pressure drop calculations for the purpose of establishing the 
primary loop flow rate. Two-phase considerations are neglected in 
the vessel pressure drop evaluation because the core average void is 
negligible (see Table 4.4-2). Two-phase flow considerations in the 
core thermal subchannel analyses are considered and the models are 
discussed in Subsection 4.4.4.2c. Core and vessel pressure losses 
are calculated by equations of the form: 

PL = K + F L _ '0 V2 (4.4-10) 

D.j 2 g (144) 

Where: 

PL = unrecoverable pressure drop, (lbf/in 2 ) 
p = fluid density, (lbm /ft 3 ) 
L = length, (ft) 
De = equivalent diameter, (ft) 
V = fluid velocity, (ft/sec) 

&= 32.1L74 lb, ft 

lbzf-sec
2 

K = form loss coefficient, dimensionless 
F = friction loss coefficient, dimensionless 

Fluid density is assumed to be constant at the appropriate value for 
each component in the core and vessel. Because of the complex core 
and vessel flow geometry, precise analytical values for the form and 
friction loss coefficients are not available. Therefore, 
experimental vaLues for these coefficients are obtained from 
geometrically similar models.  

Values are quoted in Table 4.4-1 for unrecoverable pressure loss 
across the reactor vessel, including the inlet and outlet nozzles 
and across the core. The results of full-scale tests of core 
components and fuel assemblies were utilized in developing the core 
pressure loss characteristic. The pressure drop for the vessel was 
obtained by combining the core loss with correlation of 1/7th scale 
model hydraulic test data on a number of vessels (References 23 and 
24) and form loss relationships (Reference 25). Moody curves 
(Reference 26) were used to obtain the single phase friction 
factors.
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c. Void Fraction Correlation 

Empirical correlations are used in VIPRE to model the void fraction 
in two phase flow. The subcooled void correlation used to model the 
non equilibrium transition from single phase to nucleate boiling is 

given in Reference 81. The bulk (saturated) void model relates flow 
quality with void fraction which can account for phase slip.  

4.4.2.8 Thermal Effects of Operational Transients 

DNB core safety limits are generated as a function of coolant temperature, 

pressure, core power and axial power imbalance. Steady state operation within 

these safety limits insures that the minimum DNBR is not less than the safety 
analysis limit. Figure 15.0-1 shows the safety analysis limit lines and the 
resulting Overtemperature AT trip lines (which become part of the Technical 
Specifications or Core Operating Limits Report), plotted as AT, versus Ta,, 
for various pressures. This system provides adequate protection against 

anticipated operational transients that are slow with respect to fluid 
transport delays in the primary system. In addition, for fast transients, 

e.g., uncontrolled rod bank withdrawal at power incident (Subsection 15.4.2), 
specific protection functions are provided as described in Section 7.2 and the 

use of these protection functions is described in Chapter 15.  

4.4.2.9 Uncertainties in Estimates 

a. Uncertainties in Fuel and Clad Temperatures 

As discussed in paragraph 4.4.2.11, the fuel temperature is a 
function of crud, oxide, clad, pellet-clad gap, and pellet 
conductances. Uncertainties in the fuel temperature calculation are 

essentially of two types: fabrication uncertainties, such as 
variations in the pellet and clad dimensions and the pellet density; 

and model uncertainties, such as variations in the pellet 
conductivity and the gap conductance. These uncertainties have been 
quantified by comparison of the thermal model to the inpile 
thermocouple measurements, (References 40 - 46) by out-of-pile 

measurements of the fuel and clad properties, (References 47 - 58) 
and by measurements of the fuel and clad dimensions during 
fabrication. The resulting uncertainties are then used in all 

evaluations involving the fuel temperature. The effect of 
densification on fuel temperature uncertainties is also included in 

the calculation of the total uncertainty.  

In addition to the temperature uncertainty described above, the 
measurement uncertainty in determining the local power and the 
effect of density and enrichment variations on the local power are 
considered in establishing the heat flux hot channel factor. These 

uncertainties are described in paragraph 4.3.2.2.1.
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Reactor trip setpoints, as specified in the Technical 
Specifications, include allowance for instrument and measurement 
uncertainties such as calorimetric error, instrument drift and 
channel reproducibility, temperature measurement uncertainties, 
noise, and heat capacity variations.  

Uncertainty in determining the cladding temperature results from 
uncertainties in the crud and oxide thicknesses. Because of the 
excellent heat transfer between the surface of the rod and the 
coolant, the film temperature drop does not appreciably contribute 
to the uncertainty.  

b. Uncertainties in Pressure Drops 

Core and vessel pressure drops based on a measured flow,- as 
described in Section 5.1, are quoted in Table 4.4-1. The 
uncertainties quoted are based on the uncertainties in both the test 
results and the analytical extension of these values to the reactor 
application.  

A major use of the core and vessel pressure drops was to determine 
the primary system coolant flow rates as discussed in Section 5.1.  
As discussed in Subsection 4.4.5.1, tests on the primary system 
prior to initial criticality were made to verify that conservative 
primary system coolant flow has been used in the mechanical design 
and safety analyses of the plant.  

c. Uncertainties Due to Inlet Flow Maldistribution 

The effects of uncertainties in the inlet flow maldistribution 
criteria used in the core thermal analyses are discussed in 
Subsection 4.4.4.2b.  

d. Uncertainty in DNB Correlation 

The uncertainty in the DNB correlation (Subsection 4.4.2.2) can be 
written as a statement on the probability of not being in DNB based 
on the statistics of the DNB data. This is discussed in Subsection 
4.4.2.2b.  

e. Uncertainties in DNBR Calculations 

The uncertainties in the DNBRs calculated by VIPRE-01 analysis (see 
Subsection 4 .4.4.5a) due to uncertainties in the nuclear peaking 
factors are accounted for by applying conservatively high values of 
the nuclear peaking factors and considering measurement error 
allowances in the determination of the WRB-l and WRB-2 DNBR limits 
employed with the RTDP. In addition, conservative values for the 
engineering hot channel factors are used as discussed in Subsection 
4.4.2.2d. The results of a sensitivity study (Reference 18) show
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that the minimum DNBR in the hot channel is relatively insensitive 
to variations in the core-wide-radial power distribution (for the 
same value of F ).  

The ability of the VIPRE-01 computer code to accurately predict flow 
and enthalpy distributions in rod bundles is discussed in Subsection 
4.4.4.5a and in References 80 and 81.  

f. Uncertainties in Flow Rates 

The uncertainties associated with loop flow rates are discussed in 
Section 5.1. For core thermal performance evaluations, a minimum 
loop flow is used which is less than the best estimate loop flow.  
In addition, up to 6.3 percent of the thermal design flow is assumed 
to be ineffective for core heat removal capability because it 
bypasses the core through the various available vessel flow paths 
described in Subsection 4.4.4.2a.  

g. Uncertainties in Hydraulic Loads 

As discussed in Subsection 4.4.2.6b, hydraulic loads on the fuel 
assembly are evaluated for a pump overspeed transient which creates 
flow rates 18 percent greater than the mechanical design flow. The 
mechanical design flow as stated in Section 5.1 is greater than the 
best estimate or most likely flow rate value for the actual plant 
operating condition.  

h. Uncertainty in Mixing Coefficient 

The value of the mixing coefficient, TDC, used in VIPRE-01 analyses 
for this application is 0.038. The mean value of TDC obtained in 
the "R" grid mixing tests described in Subsection 4.4.2.2a was 0.042 
(for 26 inch grid spacing). The value 0.038 is one standard 
deviation below the mean value; approximately 90 percent of the data 
give values of TDC greater than 0.038 (Reference 12).  

The results of the mixing tests done on 17x17 geometry, as discussed 
in Subsection 4.4.2.2c, had a mean value of TDC of 0.059 and 
standard deviation of a = 0.007. Hence the current design value of 
TDC is almost 3 standard deviations below the mean for 26 inch grid 
spacing.  

4.4.2.10 Flux Tilt-Considerations 

Significant quadrant power tilts are not anticipated during normal operation 
since this phenomenon is caused by some asymmetric perturbation. A dropped or 
misaligned Rod Cluster Control Assembly could cause changes in hot channel 
factors. However, these events are analyzed separately in Chapter 15.  

Other possible causes for quadrant power tilts include X-Y xenon transients,
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inlet temperature mismatches, enrichment variations within tolerances and so 
forth.  

In addition to unanticipated quadrant power tilts as described above, other 
readily explainable asymmetries may be observed during calibration of the 
excore detector quadrant power tilt alarm. During operation, incore maps are 
taken at least once per month and, periodically, additional maps are obtained 
for calibration purposes. Each of these maps is reviewed for deviations from 
the expected power distributions. Asymmetry in the core, from quadrant to 
quadrant, is frequently a consequence of the design when assembly and/or 
component shuffling and rotation requirements do not allow exact symmetry 
preservation. In each case, the acceptability of an observed asymmetry, 
planned or otherwise, depends solely on meeting the required accident analyses 
assumptions.  

In practice, once acceptability has been established by review of the incore 
maps, the quadrant power tilt alarms and related instrumentation are adjusted 
to indicate zero Quadrant: Power Tilt Ratio as the final step in the 
calibration process. This action ensures that the instrumentation is 
correctly calibrated to alarm in the event an unexplained or unanticipated 
change occurs in the quadrant to quadrant relationships between calibration 
intervals. Proper functioning of the quadrant power tilt alarm is significant 
because no allowances, beyond accounting for the maximum tilt allowed by 
Technical Specifications, are made in the design for increased hot channel 
factors due to unexpected developing flux tilts, since all likely causes are 
prevented by design or procedures, or are specifically analyzed. Finally, in 
the event that unexplained flux tilts do occur, the Technical Specifications 
(Subsection 3/4.2.4) provide appropriate corrective actions to ensure 
continued safe operation of the reactor.  

4.4.2.11 Fuel and Cladding Temperatures 

Consistent with the thermal-hydraulic design bases described in Subsection 
4.4.1, the following discussion pertains mainly to fuel pellet temperature 
evaluation. A discussion of fuel clad integrity is presented in Subsection 
4.2.3.1.  

The thermal-hydraulic design assures that the maximum fuel temperature is 
below the melting point Cf U0 2 (melting point of 5080°F (Reference 1) 
unirradiated and decreasing by 58°F per 10,000 MWd/Mtu). To preclude center 
melting, and as a basis for overpower protection system setpoints, cycle
specific values for the peak linear heat generation rate precluding centerline 
melt are determined as a function of fuel rod average exposure. These are 
observed as an overpower limit for Condition I and II events. They provide 
sufficient margin for uncertainties in the thermal evaluations described in 
Subsection 4.4.2.9a. The temperature distribution within the fuel pellet is 
predominantly a function of the local power density and the U02 thermal 
conductivity. However, the computation of radial fuel temperature 
distributions combines crud, oxide, clad gap and pellet conductances. The 
factors which influence these conductances, such as gap size (or contact
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pressure), internal gas pressure, gas composition, pellet density, and radial 
power distribution within the pellet, etc., have been combined into a 
Westinghouse semi-empirical thermal model (see Subsection 4.2.3.3) with the 
model modifications for time dependent fuel densification given in 
Reference 2. This thermal model enables the determination of these factors 
and their net effects on temperature profiles. The temperature predictions 
have been compared to inpile fuel temperature measurements (References 40-46 
and 59) and melt radius data (References 60 and 61).  

As described in Reference 2, fuel rod thermal evaluations (fuel centerline, 
average and surface temperatures) are determined throughout the fuel rod life
time with consideration of time dependent densification. To determine the 
maximum fuel temperatures, various burnup rods, including the highest burnup 
rod, are analyzed over the rod linear power range of interest.  

The principal factors which are employed in the determination of the fuel 
temperature are discussed below.  

a. U0 2 Thermal Conductivity 

The thermal conductivity of uranium dioxide was evaluated from data 
reported from a number of measurements.  

At the higher temperatures, thermal conductivity is best obtained by 
utilizing the integral conductivity to melt which can be determined 
with more certainty. From an examination of the data, it has been 
concluded that the best estimate for the value of 2800°C Kdt is 93 
watts/cm.  

The design curve is in excellent agreement with the recommendation 
of the IAEA panel (Reference 36).  

b. Radial Power Distribution in U0 2 Fuel Rods 

An accurate description of the radial power distribution as a 
function of burnup is needed for determining the power level for 
incipient fuel melting and other important performance parameters 
such as pellet thermal expansion, fuel swelling and fission gas 
release rates.  

Radial power distribution in U02 fuel rods is determined with the 
neutron transport code LASER. The LASER code has been validated by 
comparing the code predictions on radial burnup and isotopic 
distributions with measured radial microdrill data (References 62 
and 63). A "radial power depression factor," f, is determined using 
radial power distributions predicted by LASER. The factor, f, 
enters .into the determination of the pellet centerline temperature, 
Tc, relative to the pellet surface temperature, Ts, through the 
expression:
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Tr 

f K(T) dT = q'f (4.4-11) 

Tsý 4 ir 

where: 

K(T) = the thermal conductivity for U02 with a uniform density 
distribution 

q, = the linear power generation rate.  

c. Gap Conductance 

The temperature drop across the pellet-clad gap is a function of the 
gap size and the thermal conductivity of the gas in the gap. The 
gap conductance model is selected such that when combined with the 
U02 thermal conductivity model, the calculated fuel centerline 
temperatures reflect the inpile temperature measurements. A more 
detailed discussion of the gap conductance model is presented in 
Reference 64.  

d. Surface Heat Transfer Coefficients 

The fuel rod surface heat transfer coefficients during subcooled 
forced convection and nucleate boiling are presented in Subsection 
4.4.2.7a.  

e. Fuel Clad Tempecatures 

The outer surface of the fuel rod at the hot spot operates at a 
temperature of approximately 660°F for steady operation at rated 
power throughout core life due to the onset of nucleate boiling.  
Initially (beginning-of-life), this temperature is that of the clad 
metal outer surface.  

During operation over the life of the core, the buildup of oxides 
and crud on the fuel rod surface causes the clad surface temperature 
to increase. Allowance is made in the fuel center melt evaluation 
for this temperature rise. Since the thermal-hydraulic design basis 
limits DNB, adequate heat transfer is provided between the fuel clad 
and the reactor coolant so that the core thermal output is not 
limited by considerations of clad temperature.
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f. Treatment of Peaking Factors 

The total heat flux hot channel factor, FQ, is defined by the ratio 
of the maximum to core average heat flux. As presented in Table 
4.3-2 and discussed in Subsection 4.3.2.2f, the design value of FQ 
for normal operation is 2.50. This results in a peak linear power 
of 13.6 kW/ft at full power conditions.  

The centerline temperature must be below the U02 melt temperature 
over the lifetime of the rod, including allowances for 
uncertainties. The fuel temperature design basis is discussed in 
Subsection 4.4.1.2. The centerline temperature resulting from 
overpower transients/operator errors is below that required to 
produce melting.  

4.4.3 Description of the Thermal and Hydraulic Design of the Reactor 
Coolant System 

4.4.3.1 Plant Configuration Data 

Plant configuration data for the thermal hydraulic and fluid systems external 
to the core are provided in the appropriate Chapters 5, 6, and 9.  
Implementation of the Emergency Core Cooling System (ECCS) is discussed in 
Chapter 15. Some specific areas of interest are the following: 

a. Total coolant flow rates for the Reactor Coolant System (RCS) and 
each loop are provided in Table 5.1-1. Flow rates employed in the 
evaluation of the core are presented in Section 4.4.  

b. Total RCS volume including pressurizer and surge line, RCS liquid 
volume including pressurizer water at steady state power conditions 
are given in Table 5.1-1.  

c. The flow path length through each volume may be calculated from 
physical data provided in the above referenced tables.  

d. The height of fluid in each component of the RCS may be determined 
from the physical data presented in Section 5.4. The components of 
the RCS are water filled during power operation with the pressurizer 
being approximately 60 percent water filled.  

e. Components of the ECCS are to be located so as to meet the criteria 
for net positive suction head described in Section 6.3.  

f. Line lengths and sizes for the Safety Injection System are 
determined so as to guarantee a total system resistance which will 
provide, as a minimum, the fluid delivery rates assumed in the 
safety analyses described in Chapter 15.
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g. The parameters for components of the RCS are presented in Section 
5.4, component and subsystem design.  

h. The steady state pressure drops and temperature distributions 
through the RCS are presented in Table 5.1-1.  

4.4.3.2 Operating Restrictions on Pumps 

The minimum net positive action head (NPSH) and minimum seal injection flow 
rate must be established before operating the reactor coolant pumps. With the 
minimum 6 gpm labyrinth seal injection flow rate established, the operator 
will have to verify that the system pressure satisfies NPSH requirements.  

4.4.3.3 Power-Flow Operating Map (BWR) 

Not applicable to pressurized water reactors.  

4.4.3.4 Temperature-Power Operating Map 

The relationship between Reactor Coolant System temperature and power is shown 
in Figure 4.4-6.  

The effects of reduced core flow due to inoperative pumps is discussed in 
Subsections 5.4.1, 15.3.1, and 15.3.2. Natural circulation capability of the 
system is demonstrated in Subsection 15.2.6.  

4.4.3.5 Load Following C"Tharacteristics 

The Reactor Coolant System is designed on the basis of steady state operation 
at full power heat load. The reactor coolant pumps utilize constant speed 
drives. The reactor coolant pump assembly is described in Section 5.4.  
Reactor power is controlled to maintain average coolant temperature at a value 
which is a linear function of load, as described in Section 7.7.  

4.4.3.6 Thermal and Hydraulic Characteristics Summary Table 

The thermal and hydraulic characteristics are given in Tables 4.3-1 and 
4.4-1.  

4.4.4 Evaluation 

4.4.4.1 Critical Heat Flux 

The critical heat flux correlation utilized in the core thermal analysis is 
explained in detail in Subsection 4.4.2.
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4.4.4.2 Core Hydraulics 

a. Flow Paths Considered in Core Pressure Drop and Thermal Design 

The following flow paths for core bypass flow are considered: 

1. Flow through the spray nozzles into the upper head for head 

cooling purposes.  

2. Flow entering into the RCC guide thimbles to cool the control 

rods.  

3. Leakage flow from the vessel inlet nozzle directly to the 

vessel outlet nozzle through the gap between the vessel and 
the barrel.  

4. Flow introduced between the baffle and the barrel for the 

purpose of cooling these components and which is not 
considered available for core cooling.  

5. Flow in the gaps between the fuel assemblies on the core 
periphery and the adjacent baffle wall.  

The above contributions are evaluated to confirm that the design 

value of the core bypass flow is met. The design value of core 
bypass flow for Seabrook Station is equal to 6.3 percent of the 

total vessel flow when all thimble plugs are resident.  

Of the total allowance, 2.0 percent is associated with the core, 

item 2 above, and the remainder is associated with the internals 
(items 1, 3, 4 and 5 above). Calculations have been performed using 
drawing tolerances on a worst case basis and accounting for 

uncertainties in pressure losses. Based on these calculations, the 
core bypass flow for the plant is < 6.3 percent when all thimble 
plugs are resident.  

b. Inlet Flow Distributions 

Data have been considered from several 1/7th scale hydraulic reactor 
model tests (References 23, 24, and 37) in arriving at the core 

inlet flow maldistribution criteria to be used in the VIPRE-01 

analyses (see Subsection 4.4.4.5a).  

The effect of the total flow rate on the inlet velocity distribution 

was studied in the experiments of Reference 23. As was expected, on 
the basis of the theoretical analysis, no significant variation 

could be found in inlet velocity distribution with reduced flow 
rate.
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c. Empirical Friction Factor Correlations 

Two empirical friction factor correlations are used in the VIPRE-01 
computer code (described in Subsection 4.4.4.5a).  

The friction factor in the axial direction, parallel to the fuel rod 
axis, is evaluated using the correlations described in Reference 
81).  

The flow in the lateral directions, normal to the fuel rod axis, 
views the reactor core as a large tube bank. Thus, the lateral 
friction factor proposed by Idel'chik (Reference 25) is applicable.  
This correlation is of the form: 

FL = A Re<-0 -2  (4.4-12) 

where: 

A is a function of the rod pitch and diameter as given in 
Reference 25.  

ReL is the lateral Reynolds number based on the rod diameter.  

4.4.4.3 Influence of Power Distribution 

The core power distribution, which is largely established at beginning-of-life 
by fuel enrichment, loading pattern, and core power level is also a function 
of variables such as control rod worth and position, and fuel depletion 
throughout lifetime. Radial power distributions in various planes of the core 
are often illustrated for general interest; however, the core radial enthalpy 
rise distribution as determined by the integral of power up each channel is of 
greater importance for DIB analyses. These radial power distributions, 
characterized by F~M, (defined in paragraph 4.3.2.2.1), as well as axial heat 
flux profiles are discussed in the following two paragraphs.  

4.4.4.3.1 Nuclear Enthalpy Rise Hot Channel Factor, FH 

Given the local power density q' (kW/ft) at a point x, y, z in a core with N 
fuel rods and height H, 

Y - hot rod power MAXfH /qI(xy., z.) dz 
F average rod power f fq(x, y, z) dz 

rods
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The way in which F& is used in the DNB calculation is important. The 
location of.minimum DNBR depends on the axial profile, and the value of DNBR 
depends on the enthalpy rise to that point. Basically, the maximum value of 

the rod integral is used to identify the most likely rod for minimum DNBR. An 
axial power profile is obtained which, when normalized to the design value of 
FAII, recreates the axial heat flux along the limiting rod. The surrounding 
rods are assumed to have the same axial profile with rod average powers which 
are typical distributions found in hot assemblies. In this manner, worst-case 
axial profiles can be combined with worst-case radial distributions for 
reference DNB calculations.  

It should be noted again that FANH is an integral and is used as such in DNB 
calculations. Local heat fluxes are obtained by using hot channel and 
adjacent channel explicit power shapes which take into account variations in 
horizontal power shapes throughout the core.  

For operation at a fraction of full power, the design FN used is given by: 

FAN= FA[l+ PFA,(I - P)] 

FA' 
is the limit at rated thermal power (RTP) specified in the core 

Operating Limits Report (COlR).  

I PFm is the power factor multiplier for F,50 specified in the COLR.  

P is the fraction of rated thermal power.  

The permitted relaxation of FM is included in the DNB protection setpoints 
and allows radial power shape changes with rod insertion to the insertion 
limits, (Reference 84) thus allowing greater flexibility in the nuclear 
design.  

I 4.4.4.3.2 Axial Heat Flux Distributions 

As discussed in paragraph 4.3.2.2, the axial heat flux distribution can vary 
as a result of rod motion or power change or as a result of a spatial xenon 
transient which may occur in the axial direction. Consequently, it is 
necessary to measure the axial power imbalance by means of the excore nuclear 
detectors (as discussed in paragraph 4.3.2.2.7) and to protect the core form 
excessive axial power imbalance. The reference axial shape used in 
establishing core DNB limits (that is, overtemperature AT protection system 
setpoints) is a chopped cosine with a peak-to-average value of 1.55. The 
reactor trip system provides automatic reduction of the trip setpoints on 
excessive axial power imbalance. To determine the magnitude of the setpoint 
reduction, the reference shape is supplemented by other axial shapes skewed to 
the bottom and top of the core.
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The course of those accidents in which DNB is a concern is analyzed in chapter 
15 assuming that the protection setpoints have been set on the basis of these 
shapes. In many cases, the axial power distribution in the hot channel
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changes throughout the course of the accident due to rod motion, coolant 
temperature, and power level changes.  

The initial conditions for the accidents for which DNB protection is required 
are assumed to be those permissible within the specified axial offset control 
limits described in paragraph 4.3.2.2. In the case of the loss-of-flow 
accident, the hot channel heat flux profile is very similar to the power 
density profile in normal operation preceding the accident.  

4.4.4.4 Core Thermal Response 

A general summary of the steady state thermal-hydraulic design parameters 
including thermal output, flow rates, etc., is provided in Table 4.4-1 for all 
loops in operation.  

As stated in Subsection 4.4.1, the design bases of the application are to 
prevent DNB and to prevent fuel melting for Condition I and II events. The 
protective systems described in Chapter 7 are designed to meet these bases.  
The response of the core to Condition II transients is given in Chapter 15.  

4.4.4.5 Analytical Techniques 

a. Core Analysis 

The objective of reactor core thermal design is to determine the 
maximum heat-removal capability in all flow subchannels and to show 
that the core safety limits are not exceeded using the most 
conservative power distribution. The thermal design takes into 
account local variations in dimensions, power generation, flow 
redistribution, and mixing. VIPRE-01 is a realistic three
dimensional matrix model which has been developed to account for 
hydraulic and nuclear effects on the enthalpy rise in the core.  
(References 81 and 82) The behavior of the hot assembly is 
determined by superimposing the power distribution among the 
assemblies upon the inlet flow distribution while allowing for flow 
mixing and flow distribution between assemblies. The local 
variations in power, fuel rod and pellet fabrication, and mixing 
within the hottest assembly are superimposed on the average 
conditions of the hottest assembly in order to determine the 
conditions in the hot channel.  

b. Steady State Analysis 

The VIPRE-01 computer program and subchannel analysis methodology, 
as approved by the NRC (References 81 and 82) is used to determine 
coolant density, mass velocity, enthalpy, vapor void, static 
pressure, and DNBR distributions within the reactor core hot 
subchannel under all expected operating conditions. The VIPRE-01 
code is described in detail in Reference 81, including models and 
correlations used.
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c. Experimental Verification 

Experimental verification of VIPRE-01 is presented in References 11 
and 81.  

The VIPRE-01 analysis methodology is based on a knowledge and 
understanding of the heat transfer and hydrodynamic behavior of the 
coolant flow and the mechanical characteristics of the fuel 
elements. VIPRE-01 analysis provides a realistic evaluation of the 
core performance and is used in the thermal analyses as described 
above.  

d. Transient Analdis 

The approved VIPRE-01 methodology (References 81 and 82) was shown 
to be conservative for transient thermal-hydaulic analysis.  

4.4.4.6 Hydrodynamic and Flow Power Coupled Instability 

Boiling flows may be susceptible to thermohydrodynamic instabilities, 
(Reference 69). These instabilities are undesirable in reactors since they 
may cause a change in thermohydraulic conditions that may lead to a reduction 
in the DNB heat flux relative to that observed during a steady flow condition 
or to undesired forced vibrations of core components. Therefore, a 
thermohydraulic design criterion was developed which states that modes of 
operation under Conditions I and II events shall not lead to 
thermohydrodynamic instabilities.  

Two specific types of flow instabilities are considered for Westinghouse PWR 
operation. These are the Ledinegg or flow excursion type of static 
instability and the density wave type of dynamic instability.  

A Ledinegg instability inrvolves a sudden change in flow rate from one steady 
state to another. This instability occurs (Reference 69) when the slope of 
the reactor coolant system pressure drop-flow rate curve (8AP/6G internal) 
becomes algebraically smaller than the loop supply (pump head) pressure 
drop-flow rate curve (6AP/6G external). The criterion for stability is thus 
(SAP/SG internal > SAP/SG external). The Westinghouse pump head curve has a 
negative slope (6AP/SGexternal < 0) whereas the reactor coolant system 
pressure drop-flow rate curve has a positive slope (SAP/SG internal > 0) over 
the Condition I and Condition II operational ranges. Thus, the Ledinegg 
instability will not occur.  

The mechanism of density wave oscillations in a heated channel has been 
described by Lahey and Moody (Reference 70). Briefly, an inlet flow 
fluctuation produces an enthalpy perturbation. This perturbs the length and 
the pressure drop of the single phase region and causes quality or void 
perturbations in the two phase regions which travel up the channel with the 
flow. The quality and length perturbations in the two-phase region create
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two-phase pressure drop perturbations. However, since the total pressure drop 
across the core is maintained by the characteristics of the fluid system 
external to the core, then the two-phase pressure drop perturbation feeds back 
to the single phase region. These resulting perturbations can be either 
attenuated or self-sustained.  

A simple method has been developed by Ishii (Reference 71) for parallel closed 
channel systems to evaluate whether a given condition is stable with respect 
to the density wave type of dynamic instability. This method has been used to 
assess the stability of typical Westinghouse reactor designs (References 72, 
73, 74), under Conditions I and II operation. The results indicate that a 
large margin to density wave instability exists, e.g., increases on the order 
of 150 to 200 percent of rated reactor power would be required for the 
predicted inception of this type of instability.  

The application of the method of Ishii, Reference 71, to Westinghouse reactor 
designs is conservative due to the parallel open channel feature of 
Westinghouse PWR cores. For such cores, there is little resistance to lateral 
flow leaving the flow channels of high power density. There is also energy 
transfer from channels of high power density to lower power density channels.  
This coupling with cooler channels has led to the opinion that an open channel 
configuration is more stable than the above closed channel analysis under the 
same boundary conditions. Flow stability tests (Reference 75) have been 
conducted where the closed channel systems were shown to be less stable than 
when the same channels were cross connected at several locations. The cross 
connections were such that the resistance to channel-to-channel cross flow and 
enthalpy perturbations would be greater than that which would exist in a PWR 
core which has a relatively low resistance to cross flow.  

Flow instabilities which have been observed have occurred almost exclusively 
in closed channel systems operating at low pressures relative to the 
Westinghouse PWR operating pressures. Kao, Morgan and Parker (Reference 76) 
analyze parallel closed channel stability experiments simulating a reactor 
core flow. These experiments were conducted at pressures up to 2200 psia.  
The results showed that for flow and power levels typical of power reactor 
conditions, no flow oscillations could be induced above 1200 psia.  

Additional evidence that flow instabilities do not adversely affect thermal 
margin is provided by the data from the rod bundle DNB tests. Many 
Westinghouse rod bundles have been tested over wide ranges of operating 
conditions with no evidence of premature DNB or of inconsistent data which 
might be indicative of flow instabilities in the rod bundle.  

In summary, it is concluded that thermohydrodynamic instabilities will not 
occur under Condition I and II modes of operation for Westinghouse PWR reactor 
designs. A large power margin, greater than doubling rated power, exists to 
predicted inception of such instabilities. Analysis has been performed which 
shows that minor plant to plant differences in Westinghouse reactor design 
such as fuel assembly arrays, core power to flow ratios, fuel assembly length, 
etc., will not result in gross deterioration of the above power margins.
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4.4.4.7 Fuel Rod Behavior Effects from Coolant Flow Blockage 

Coolant flow blockages can occur within the coolant channels of a fuel 
assembly or external to the reactor core. The effects of fuel assembly 
blockage within the assembly on fuel rod behavior is more pronounced than 
external blockages of the same magnitude. In both cases, the flow blockages 
cause local reductions in coolant flow. The amount of local flow reduction, 
where it occurs in the reactor, and how far along the flow stream the 
reduction persists are considerations which will influence the fuel rod 
behavior. The effects of coolant flow blockages in terms of maintaining rated 
core performance are determined both by analytical and experimental methods.  
The experimental data are usually used to augment analytical tools such as 
computer programs. Inspection of the DNB correlation (Subsection 4.4.2.2 and 
Reference 8) shows that the predicted DNBR is dependent upon the local values 
of quality and mass velocity.  

Thermal-hydraulic codes are capable of predicting the effects of local flow 
blockages on DNBR within the fuel assembly on a subchannel basis, regardless 
of where the flow blockage occurs. In Reference 19, it is shown that for a 
fuel assembly similar to the Westinghouse design, the flow distribution within 
the fuel assembly when the inlet nozzle is completely blocked can be 
accurately predicted. Full recovery of the flow was found to occur about 30 
inches downstream of the blockage. With the reference reactor operating at 
the nominal full power conditions specified in Table 4.4-1, the effects of an 
increase in enthalpy and decrease in mass velocity in the lower portion of the 
fuel assembly would not result in the reactor reaching a minimum DNBR below 
the safety analysis limit.  

From a review of the open literature it is concluded that flow blockage in 
"open lattice cores" similar to the Westinghouse cores cause flow 
perturbations which are local to the blockage. For instance, A. Ohtsubol, et 
al. (Reference 77), show that the mean bundle velocity is approached 
asymptotically about 4 inches downstream from a flow blockage in a single flow 
cell. Similar results were also found for 2 and 3 cells completely blocked.  
P. Basmer, et al. (Reference 78) tested an open lattice fuel assembly in which 
41 percent of the subchannels were completely blocked in the center of the 
test bundle between spacer grids. Their results show the stagnant zone behind 
the flow blockage essentially disappears after 1.65 L/De or about 5 inches for 
their test bundle. They also found that leakage flow through the blockage 
tended to shorten the stagnant zone or, in essence the complete recovery 
length. Thus, local flow blockages within a fuel assembly have little effect 
on subchannel enthalpy rise. The reduction in local mass velocity is the main 
parameter which affects the DNBR. Westinghouse analysis results presented in 
the original Seabrook FSAR demonstrated that if the plant was operating at 
full power and nominal steady state conditions as specified in Table 4.4-1, a 
substantial reduction in local mass velocity would be required to reduce the 
DNBR close to the DNBR Safety Analysis Limits. The above mass velocity effect 
on the DNB correlation was based on the assumption of fully developed flow 
along the full channel length. In reality, a local flow blockage is expected
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to promote turbulence and thus would likely not effect DNBR at all.  

Coolant flow blockages induce local crossflows as well as promote turbulence.  

Fuel rod behavior is changed under the influence of a sufficiently high 

crossflow component. Fuel rod vibration could occur, caused by this crossflow 

component, through vortex shedding or turbulent mechanisms. If the crossflow 

velocity exceeds the limit established for fluid elastic stability, large 

amplitude whirling results. The limits for a controlled vibration mechanism 

are established from studies of vortex shedding and turbulent pressure 

fluctuations. The crossflow velocity required to exceed fluid elastic 

stability limits is dependent on the axial location of the blockage and the 

characterization of the crossflow (jet flow or not). These limits are greater 

than those for vibratory fuel rod wear. Crossflow velocity above the 

established limits can lead to mechanical wear of the fuel rods at the grid 

support locations. Fuel rod wear due to flow induced vibration is considered 

in the fuel rod fretting evaluation (Section 4.2).  

4.4.5 Testing and Verification 

4.4.5.1 Tests Prior to Initial Criticality 

A reactor coolant flow test was performed following fuel loading but prior to 

initial criticality. Elbow tap pressure drop data obtained in this test 

allowed determination of the coolant flow rates at reactor operating 

conditions. This test verified that conservative coolant flow rates have been 

used in the core thermal and hydraulic analysis.  

4.4.5.2 Initial Power and Plant Operation 

Core power distribution measurements are made at several core power levels 

(see Chapter 14). These tests are used to insure that conservative peaking 

factors are used in the core thermal and hydraulic analysis.  

4.4.5.3 Component and Fuel Inspections 

Inspections performed on the manufactured fuel are delineated in Subsection 

4.2.4. Fabrication measurements critical to thermal and hydraulic analysis 

are obtained to verify that the engineering hot channel factors in the design 

analyses (Subsection 4.4.2.2d) are met.  

4.4.6 Instrumentation Requirements 

4.4.6.1 Incore Instrumentation 

Instrumentation is located in the core so that radial, axial, and azimuthal 

core characteristics may be obtained for all core quadrants.
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The incore instrumentation thimbles enter the core from the bottom and are 
positioned in the full length instrumentation guide tubes that are located in 
the center of the fuel assemblies. Figure 4.4-7 shows the location of the 58 
instrumented assemblies i n the core. Each thimble consists of the calibration 
tube for the moveable incore detectors, five fixed platinum detectors at 
various core heights, and a core-exit thermocouple at the tip of the thimble.  
The platinum detectors measure the gamma and neutron flux and are processed to 
determine the local power distribution. Each thermocouple measures the 
temperature of the fluid in the guide tube that is heated by conduction from 
the bulk core fluid and by gamma heating of the components in the guide tube.  

The core-exit thermocouples provide a backup to the flux monitoring 
instrumentation for monitoring power distribution. The routine, systematic 
collection of thermocouple readings by the main plant computer system provides 
a data base. From this data base, abnormally high or abnormally low readings, 
quadrant temperature tilts, or systematic departures from a prior reference 
map can be deduced.  

The Incore Detector System would be used for more detailed mapping if the 
thermocouple system were to indicate an abnormality. These two complementary 
systems are more useful when taken together than either system alone would be.  
The Incore Instrumentation System is described in more detail in Subsection 
7.7.1.9.  

The incore instrumentation is provided to obtain data from which fission power 
density distribution in the core, coolant enthalpy distribution in the core, 
and fuel burnup distribution may be determined.  

4.4.6.2 Overtemperature and Overpower AT Instrumentation 

The Overtemperature AT trip protects the core against low DNBR. The Overpower 
AT trip protects against excessive power (fuel rod rating protection).  

As discussed in Subsection 7.2.1.1b, factors included in establishing the 
Overtemperature AT and Overpower AT trip setpoints include the reactor coolant 
temperature in each loop and the axial distribution of core power through the 
use of the two section excore neutron detectors.  

4.4.6.3 Instrumentation to Limit Maximum Power Output 

The output of the three ranges (source, intermediate, and power) of detectors, 
with the electronics of the nuclear instruments, is used to limit the maximum 
power output of the reactor within their respective ranges.  

There are six radial locations containing a total of eight neutron flux 
detectors installed around the reactor in the primary shield, two proportional 
counters for the source range installed on opposite "flat" portions of the 
core containing the primary startup sources at an elevation approximately one 
quarter of the core height. Two compensated ionization chambers for the
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intermediate range, located in the same instrument wells and detector 

assemblies as the source range detectors, are positioned at an elevation 

corresponding to one -half of the core height; four dual section uncompensated 

ionization chamber assemblies for the power range installed vertically at the 

four corners of the core and located equidistant from the reactor vessel at 

all points and, to minimize neutron flux pattern distortions, within one foot 

of the reactor vessel. Each power range detector provides two signals 

corresponding to the neutron flux in the upper and in the lower sections of a 

core quadrant. The three ranges of detectors are used as inputs to monitor 

neutron flux from a completely shutdown condition to 120 percent of full power 

with the capability of recording overpower excursions up to 200 percent of 

full power.  

The output of the power range channels is used for: 

a. The rod speed control function 

b. To alert the operator to an excessive power unbalance between the 

quadrants 

c. To protect the core against rod ejection accidents 

d. To protect the core against adverse power distributions resulting 
from dropped rods.  

Details of the neutron detectors and nuclear instrumentation design and the 

control and trip logic are given in Chapter 7. The limits on neutron flux 

operation and trip setpoints are given in the Technical Specifications and 

Core Operating Limits Report.  

4.4.6.4 Loose Parts Monitoring System (LPMS) 

The LPMS is a system provided for the detection of loose metallic parts in the 

primary system during preoperational testing, startup and power operation 
modes. The LPMS, together with the associated programmatic and reporting 

procedures, comprise the Loose Part Detection Program described in Regulatory 

Guide 1.133, Rev. 1.  

A detailed comparison of the LPMS with each of the specific positions of 
Section C of Regulatory Guide 1.133 is presented below.  

Reg. Guide 
Position Discussion 

C.l.a A total of sixteen loose part sensors are provided to 

C.l.b detect loose part impacts with a kinetic energy of 0.5 ft-lb.  

of parts weighing between .25 lb. and 30 lbs. in the vicinity 

of six natural collection regions in the nuclear steam supply 
system.
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a) Two sensors on the exterior of the reactor vessel in the 
vicinity of the lower plenum and two sensors on the 
reactor vessel head lifting lugs.  

b) Three sensors on the exterior of each steam generator in 
the vicinity of the reactor coolant inlet plenum. Two 
sensors are normally active and one is normally passive.  
The normally passive sensor may be switched into the 
system to replace a normally active sensor or to aid in 
the localization of a loose part in a steam generator.  

C.l.c Two or more independently monitored sensors are provided at 
each natural collection region. Each of these channels is 
physically separated from each other at the sensors up to and 
including the charge converters. From there, sensor signals 
are routed by individual shielded cables through seismically 
qualified conduit and tray associated with safety-related 
Train A up to penetration EDE-MM-126. Outside containment, 
all signal cabling is routed in seismically qualified tray 
associated with safety-related Train A up to the control room 
electronics.  

C.l.d The Automatic Data Acquisition System of the LPMS will be 
C.4.e actuated (all active channels simultaneously) by the system 

electronics when the measured magnitude of the acoustic signal 
from any one channel exceeds the predetermined alert level for 
that channel. An audible alarm will alert control room 
personnel of any excursion above the predetermined alert 
level.  

To ensure that the data provided at the output of the system 
electronics is recorded to allow accurate offline analysis, 
the recorder is wide-band with respect to the bandwidth of the 
filtered data. The analog recorder provided will use the 
direct (as opposed to FM) recording mode. Two selectable tape 
speeds are provided, allowing selection of recording 
bandwidth.  

The Automatic Data Acquisition System has a manual override.
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Reg. Guide 
Position Discussion 

C.l.e The alert logic of the LPMS has the following features and 
C.2 capabilities: 
C.3 

c.4.b a) Minimization of false alarms due to flow or other 
disturbances not indicative of metallic loose part 
impacts.  

b) Maintenance of sensitivity to metallic loose part 

impacts under conditions of varying background noise.  

c) The signal filtering process attenuates the signals due 
to operational disturbances outside the filter system's 

bandwidth.  

d) The alert logic is capable of functioning satisfactorily 
in varying background noise levels.  

e) To differentiate between valid impacts and plant noise 
associated with one-time transient events (as opposed to 
steady state noise), the alert module common to each 

group of six electronic channels of the LPMS 
incorporates a variable timer circuit. The alert module 
will not perform its functions (alarm actuation and 
automatic recorder actuation) unless a predetermined 
number of impacts (excursions above the alert level) 
occur within a predetermined time period. This time 
circuit may be disabled, by use of a selector switch, so 
that any single excursion above the alert level will 
cause the alarm module to perform its functions.  

f) To vary the alert level from one sensor to the other to 
compensate for various background noises at each sensor 
location.  

The alert level for each channel is a function of the steady 
state background noises measured by that channel, according to 
the relation: 

AL - (1 + K) BN 

Where AL is the alert level, BN is the background noise level, 
and K is the fraction of the background noise level by which 
an impact must exceed the background in order to be detected.
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Reg. Guide 
Position Discussion 

The K value was individually determined for each channel 
following initial system ca ibration. The K value for each 
channel was initially determined within two constraints: 

a) The value (I + K) BN shall be greater than the largest 
signal presented to the impact detection module when 
noise of magnitude BN is applied to the input terminals 
of the system electronics, as determined by factory 
acceptance testing of the LPMS and in situ monitoring of 
the signals presented to each impact detector.  

b) The value (1 + K) BN (for the largest expected BN level) 
shall be less than the magnitude of the signal 
associated with the specified detectable loose part 
impact, as determined during initial LPMS calibration.  

c) The minimum value of K consistent with the above 
criterion (a) was chosen and the satisfaction of 
criterion (b) was then verified. Satisfaction of these 
criteria will be periodically verified during operation 
in accordance with Regulatory Position 3.e of Regulatory 
Guide 1.133.  

The alert level for power operation was submitted to the 
commission (in the startup report) following completion of the 
startup test program.  

If the alert level is exceeded, diagnostic steps will be taken 
within 72 hours to determine if a loose part is present. The 
safety significance of any identified loose part will be 
determined.  

During initial startup, power operation and refueling, channel 
checks, monitoring audio channels, channel functional tests, 
background noise measurements, and channel calibrations will 
be performed as prescribed in the regulatory guide. A channel 
calibration includes the adjustments recommended by the vendor 
and an assessment of the overall channel response by observing 
the response to a known mechanical input or by comparing the 
background noise spectra to baseline background noise spectra.  

Calibration equipment and procedures are available for review 
at Seabrook Station.
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Reg. Guide 
Position Discussion 

C.l.f The LPMS has the capability for periodic on-line channel 
checks and channel functional tests in addition to on-line and 
off-ine channel calibration.  

C.l.g The LPMS is designed to operate under normal environmental 
C.4.k conditions.  

The LPMS (excluding the recording equipment) has been 
seismically qualified to IEEE 344-75 to be functional up to 
and including the Operating Basis Earthquake (OBE). The LPMS 
sensor, charge converter, and system cabinet are seismically 
supported.  

C.l.h The LPMS will be included in the Seabrook surveillance and 
maintenance program. Any components that are not qualified 
for 40 years will be replaced prior to the end of their 
service life. Maintenance actions will be performed in 
accordance with approved procedures. The documented 
maintenance history results will be maintained and evaluated 
over the life of the plant.  

C.l.i Recognition of a faulty channel is easily identified by a 
blinking LED condition. All Control Room electronics are 
rack-mounted, designed for the ease of replacement or repair 
in the event of a malfunctioning channel.  

C.4.a The loose parts monitoring sensors are piezoelectric 
accelerometers designed for use in high temperature and high 
radiation environments.  

Two accelerometers are mounted on the reactor vessel head.  
These accelerometers are mounted into two of the vessel head 
lifting lugs. Two accelerometers are threaded into clamps on 
the bottom-mounted instrumentation tubes. These locations 
allow monitoring of the reactor vessel upper and lower plenums 
and facilitated the mounting of the sensors.  

There are three accelerometers on each steam generator, two 
which are normally active and the third normally passive. The 
two normally active sensors are located in a vertical line 
approximately 16 inches above and below the centerline of the 
tube sheet, oriented 200 on the hot leg side of the tube lane 
centerline. The normally passive accelerometer is located on 
the tube sheet centerline 90° from the other sensors but still 
on the hot leg side of the tube lane centerline. These 
accelerometers are mounted on the side of the steam generator.  
All steam generator sensors are capable of monitoring the
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Reg. Guide 
Position Discussion 

steam generator reactor coolant inlet plenum. They are 
dispersed to assist in localization of a loose part.  

C.4.c Anticipated major sources of external and internal noises are 
pump starts, reactor trip, and control rod stepping.  

C.4.d By meeting the criteria as defined in position C.3, the 
acquisition of quality data is ensured.  

C.4.f Operability and surveillance requirements for the LPMS are 
C.5 included in Technical Requirements Manual.  

C.4.g Seabrook procedures provide a diagnostic program using 
information from other plant systems and operating history to 
confirm the presence of a loose part.  

C.4.h The procedures for performing channel check, channel 
functional test, and background noise measurements are 
available at Seabrook Station.  

C.4.i Radiation protection procedures have been developed to provide 
guidance and direction to station personnel for minimizing 
radiation exposure during maintenance, calibration, and 
diagnostic work activities. The overall radiation protection 
program is described in the Updated FSAR Chapter 12.  

C.4.j Seabrook's non-licensed training program provides pertinent 
training for plant personnel involved with system operation, 
and maintenance. Loose part diagnosis is performed by an 
organization qualified to interpret loose part data.  

C.6 If the presence of a loose part is confirmed and is evaluated 
to have safety significance, it will be reported to the NRC in 
accordance with 10 CFR 50.72.  

4.4.6.5 Instrumentation for Detection of Inadequate Core Cooling 

The Inadequate Core Cooling Monitoring System installed at Seabrook Station 
includes the following: 

Core Exit Thermocouple Monitoring 
Core Subcooling Margin Monitor 
Reactor Vessel Level Monitoring 

The inadequate core cooling monitor provides improved information presentation 
and display to the plant operators on the status of core heat removal 
capability. The system monitors core exit thermocouples and wide-range 
reactor pressure and calculates core subcooling margin utilizing redundant
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channels of instrumentation and control room displays.  

The monitoring system displays several levels of information including: 
(a) bulk average core exit thermocouple trending (b) a spatial map exhibiting 
the thermocouple temperature at its respective location in the core (c) a core 
map showing minimum, average, and maximum quadrant temperatures (d) subcooling 
margin (e) a detailed data list exhibiting thermocouple location, tag 
designation, temperature; and (f) hot channel core exit temperature.  
The Reactor Vessel Level Instrumentation System (RVLIS) consists of two 
redundant independent trains that monitor the reactor vessel water levels.  
Each train provides two vessel level indications: full range and dynamic head.  
The full range RVLIS reading provides an indication of reactor vessel water 
level from the bottom of the vessel to the top of the vessel during natural 
circulation conditions. The dynamic head reading provides an indication of 
reactor core, internals, and outlet nozzle pressure drop for any combination 
of operating reactor coolant pumps. Comparison of the measured pressure drop 
with the normal, single phase pressure drop provides an approximate indication 
of the relative void content of the circulating fluid.  

4.4.6.6 Instrumentation for Mid-loop Operation 

Generic Letter 88-17, "Loss of Decay Heat Removal," recommended that licensees 
implement certain actions prior to operation in a reduced Reactor Coolant 
System (RCS) inventory condition with irradiated fuel in the core. The 
concern stated in the Generic Letter is the potential consequences involved in 
preventing and recovering from loss of shutdown cooling while operating in a 
reduced inventory condition. The NRC recommended expeditious action and 
programmed enhancements to maintain sufficient equipment in an operable or 
available status so as to mitigate a loss of shutdown cooling or RCS inventory 
should they occur. Reduced inventory is defined by the NRC to be an RCS level 
lower than three feet below the reactor vessel flange.  

In response to the NRC recommendations, the design includes (1) reliable 
indications of parameters that describe the state of the RCS and the 
performance of systems normally used to cool the RCS for both normal and 
accident conditions, (2) procedures to cover reduced inventory operation and 

(3) provisions for alternate sources of inventory for addition if necessary.  
The following is a brief description of the plant equipment, instrumentation 
and procedures that are used to comply with the recommendations of Generic 
Letter 88-17: 

Reactor Coolant System Level Monitoring: At least two diverse RCS level 
indications are operational during reduced inventory conditions with 
irradiated fuel in the core. Continuous level indications are monitored in 
the Control Room and audible alarms sound on inadvertent transition in RCS 

level from the existing operating condition. The RCS level instrumentation 
consists of an RCS sight glass, wide range level indication provided by 

differential pressure measurement and three diverse narrow range level 
indicators provided by ultrasonic measurements (2) and differential pressure 
measurement (1). With exception of the sight glass, the RCS level
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instrumentation provides diverse indication, trend and low-level alarm 
capability in the control room via the Main Plant Computer System (MPCS) 
during all phases of operation under reduced inventory.  

Reactor Coolant System Temperature Monitoring: When the reactor vessel head is 
located on the reactor vessel, two independent core exit temperature 
measurements are demonstrated to be operable prior to draining the RCS down to 
reduced inventory. The core exit temperature measurements are provided using 
the core exit thermocouple portion of the redundant Class 1E safety-related 
Inadequate Core Cooling Monitor.  

Thermocouple readings are displayed on the Main Control Board and input into 
the MPCS. Mid-loop high temperature alarms are provided by the MPCS based on 
selection of the maximum reliable thermocouple temperature.  

Residual Heat Removal System Performance: Continuous monitoring and trend 
capability of Residual Heat Removal System performance is provided in the 
Control Room by the MPCS. The RHR system parameters that are monitored 
include RHR loop flow, RHR heat exchanger inlet and outlet temperatures, RHR 
pump suction pressures and RHR pump motor current indications.  

Administrative Controls: Controls are in place to implement specific actions 
to be taken when draining the RCS with irradiated fuel in the core. Required 
actions are based on the Westinghouse Owners Group reduced inventory project 
guidance and plant specific analyses. Plant procedures include the necessary 
information to determine equipment and/or operational requirements and 
limitations, including: 

1. Prior to entry into a reduced inventory condition, controls are 
established to provide reasonable assurance that containment closure 
can be achieved before core is uncovered as a result of loss of 
decay heat removal. With the exception of penetrations that are in 
use or undergoing maintenance which are administratively controlled, 
at least one boundary of each containment penetration is maintained 
intact during reduced inventory operation. In the event of a loss 
of decay heat removal, administratively controlled penetrations are 
closed.  

2. Prior to entering a reduced inventory condition, communication is 
established between the control room and a local nuclear systems 
operator in containment.  

3. When operating at reduced inventory with steam generator nozzle dams 
in place, one centrifugal charging pump and one safety injection 
pump are available with a specified flow path to the reactor core.  
A gravity flow Ipath from the Reactor Water Storage Tank (RWST) to 
the RCS is also made available as a secondary source. An adequate 
vent is provided to preclude RCS pressurization that could prevent 
gravity feed from the RWST and/or damage to the steam generator 
nozzle dams. Administrative controls assure availability of the
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redundant centrifugal charging and safety injection pumps upon 
unavailability of the operable pump.  

4. When operating at reduced inventory with nozzle dams removed and the 
RCS vent closed for evacuation and fill, one centrifugal charging 
pump and one safety injection pump are available with specified flow 
paths to the reactor core. A gravity feed flow path from the RWST 

is also available for inventory addition as a secondary source.  
Administrative controls assure availability of the redundant 
centrifugal charging and safety injection pumps upon unavailability 
of the operable pump.  
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TABLE 4.4-1 
(Sheet 1 of 2)

T1.T�P�AT AMTh T4VflDATT1TC� (At.DAPTCA• TA1•Tt

Design Parameters 

Reactor core heat output (MWt) 
Reactor core heat output (106 Btu/hr) 
Heat generated in fuel (%) 
System pressure, nominal (psia) 
System pressure, minimum steady 

state (psia) 
DNB Correlation 

Correlation Limit Value, WRB-I or WRB-2 
Design Limit Value 

Typical flow channel 

Thimble (cold wall) flow channel 

Safety Analysis Limit Value 
Typical flow channel 

Thimble (cold wall) flow channel 

Minimum DNBR at nominal conditions 
Typical flow channel 
Thimble (cold wall) flow channel

Seabrook 
Original Design 

3411 
11,641 
97.4 
2250 

2220 
"R" (W-3 with 
Modified 
Spacer Factor) 
1.3 

1.3 

1.3 

1.3 

1.3

2.06 
1.72

Coolant Flow

Seabrook 
Current Designa 

3411 
11,641 
97.4 
2250 

2200 
WRB-Ib V+(w/o IFMs) 
WRB-2b V+(w IFMs) 

1.17 b 

1.27 V+(w/o IFMs) 
1.26 V+(w IFMs) 
1.26 V+(w/o IFMs) 
1.24 V+(w IFMs) 

1.40 V+(w/o IFMs) 
1.91 V+(w IFMs) 
1.40 V+(w/o IFMs) 
1.91 V+(w/ IFMs) 

2.41c V+(w/o IFMs) 
3.02' V+(w/ IFMs) 
2.32' V+(w/o IFMs) 
2.88' V+(w/ IFMs)

Total thermal flow rate (106 lbm /hr) 
Effective flow rate for heat transfer 

(106 lbm /hr) 
Effective flow area for heat transfer 

(ft 2 ) 
Average velocity along fuel rods 

(ft/sec) 
Average mass velocity (106 lbj/hr-ft 2 ) 

Coolant Temperature 

Nominal inlet (°F) 
Average rise in vessel (°F) 
Average rise in core (°F) 
Average in core (°F) 
Average in vessel (*F)

142.1 

133.9 

51.1 

16.7 
2.62

51.3

5 5 9 . 5 d 
58.0d 

6 0 . 6 d 

591.4d 
588.5

558.8 
59.4 
62.6 
591.8 
588.5

rrUVVU'AT AWM WVnDATT7Tr t'r'1MDA1DTC!rW'r 'PA12TV
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TABLE 4.4-1 
(Sheet 2 of 2) 

THERMAL AND HYDRAULIC COMPARISON TABLE 

Seabrook Seabrook 

Design Parameters Original Design Current Design 

Heat Transfer 

Active heat transfer, surface area (ft 2 ) 59,700 59,700 

Average heat flux (Btu/hr-ft 2 ) 189,800 189,800 

Maximum heat flux for normal operation 

(Btu/hr-ft 2 ) 440,300- 474,500f 

Average linear power (Kw/ft) 5.44 5.445 

Peak linear power for normal operation 

(Kw/ft) 12.6e 1 3 . 6 f 

Pressure Drop 

Across core (psi) 25.7±2.69 2 8 .5± 2 . 8 5h 

Across vessel, including nozzle (psi) 48.2±7.29 48.7±7.3h 

a V+ (w/IFMs) means V5H (with IFMs) 

V+ (w/o IFMs) means V5H (without IFMs) 
b For conditions outside the range of applicability of WRB-I or WRB-2, the 

W-3 correlation is used with a correlation limit of 1.45 in the pressure 

range of 500 to 1000 psia and 1.30 for pressures above 1000 psia.  
C This value is associated with the current design power distribution at 100 

% rated power: a 1.65/1.04=1.586 Fdelta-b value for V+ (w/o IFMs), a 

1.60/1.04=1.54 Fdelta-h Value for V+(w/IFMs) and a 1.55 chopped cosine axial 

power shape.  
d At minimum measured flow conditions.  

e This limit is associated with the original design value of FQ = 2.32.  
f This limit is associated with the current design value of FQ = 2.50.  
8 Based on the original best estimate reactor flow rate as discussed in 

Section 5.1, and with thimble plug assemblies inserted.  
h For V5H (w/IFMs) based on a measured flow of 404,000gpm with thimble plug 

assemblies inserted.
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TABLE 4.4-2 

VOID FRACTIONS AT NOMINAL REACTOR CONDITIONSa

(V5H w/o IFMs) 
(V5H w/IFMs)

Average 
0.0 
0.0

Maximum

Hot Subchannel (V5H w/o IFMs) 
(V5H w/ FMs)

The values are associated with the current design power distribution at 100% 
rated power, a 1.65/1-.04= 1.586 Fdelta-h value for V+(w/o IFMs), a 1.60/1.04= 
1.54 Fdelta.b value for V5H (w/IFMs) and a 1.55 chopped cosine power shape.

Core

a.

0.07 
0.00

0.58 
0.00

I ___________
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FIGURE 4.4-5 
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3. If all reactor coolant pumps have stopped for more than 5 
minutes during plant heatup, and the reactor coolant temper
ature is greater than the charging and seal injection water 
temperature, no attempt shall be made to restart a pump unless 
a steam bubble is formed in the pressurizer. This precaution 
will minimize the pressure transient when the pump will be 
started and the cold water previously injected by the charging 
pumps will be circulated through the warmer reactor coolant 
components. The steam bubble will accommodate the resultant 
expansion as the cold water is rapidly warmed.  

4. If all reactor coolant pumps are stopped and the RCS is being 
cooled down by the residual heat exchangers, a nonuniform 
temperature distribution may occur in the reactor coolant loops 
and the secondary side of the steam generators. No attempt 
shall be made to restart a reactor coolant pump unless (1) a 
steam bubble is formed in the pressurizer or (2) the secondary 
water temperature of each steam generator is less than 50*F 
above each of the RCS cold leg temperatures when the cold leg 
temperatures are less than or equal to 350°F.  

5. During plant cooldown, all steam generators shall be connected 
to the steam header to assure a uniform cooldown of the reactor 
coolant loops.  

6. At least one reactor coolant pump shall be maintained in 
service until the reactor coolant temperature is reduced to 
1600F.  

These special precautions back up the normal operational mode of 
maximizing periods of steam bubble operation so that cold overpres
sure transient prevention is continued during periods of 
transitional operations.  

The specific plant configurations of emergency core cooling system 
testing and alignment will also highlight procedures required to 
prevent developing cold overpressurization transients. During these 
limited periods of plant operation, the following procedures shall 
be followed: 

1. To preclude inadvertent emergency core cooling system actuation 
during heatup and cooldown, blocking is required of the low 
pressurizer pressure and low steam line pressure safety 
injection signal actuation logic at 1900 psig.  

2. When RCS pressure has decreased below 1000 psig and approxi
mately 425°F during plant cooldown, the SI accumulator 
isolation valves are closed to prevent injection of the 
accumulator's volume into the RCS as RCS pressure is reduced.

5.2-11
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This action involves energizing the MCCs powering the 
accumulators' MOV and then closing the valves. These actions 
are all performed in the control room.  

Should a single failure disable the power supply to one or more 
of the SI accumulator isolation valves, solenoid operated vents 
are provided on each SI accumulator to allow relieving of the 
nitrogen overpressure gas to the Containment. These solenoids 
are Class 1E, powered by the emergency electrical train 
opposite that powering the SI accumulator isolation valve, and 
are operable from the control room and the remote shutdown 
location.  

Additionally, during plant cooldown, one centrifugal charging 
pump, the positive displacement charging pump and both SI pumps 
will be made inoperable to preclude overpressurization events 
at low temperatures. This action can also be performed in the 
control room and the remote shutdown location.  

Prior to decreasing RCS temperature below 350'F, the safety 
injection pumps and the nonoperating charging pumps are made 
inoperable. It should be noted that the high containment 
pressure safety injection actuation logic cannot be blocked.  

3. Periodic emergency core cooling system pump performance testing 
requires the testing of the pumps during normal power operation 
or at hot shutdown conditions, to preclude any potential for 
developing a cold overpressurization transient.  

During shutdown conditions charging pump and SI pump operation 
are restricted in accordance with the Technical Specifications 
and their supporting bases.  

5.2-12
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4. "S" signal circuitry testing, if performed during cold 
shutdown, will also require RHRS alignment and power lockout of 

both SI pumps and nonoperating charging pump to preclude 
developing cold overpressurization transients.  

The above procedures, which will be followed for normal operations 
with a steam bubble, transitional operations where the Reactor 

Coolant System is potentially water-solid, and during specific 
testing operations, will provide in-depth cold overpressure 

prevention or reduction, thereby augmenting the installed 

Overpressure Relief System.  

5.2.3 Reactor Coolant Pressure Boundary Materials 

5.2.3.1 Material Specifications 

Material specifications used for the principal pressure retaining applications 

in each component of the RCPB are listed in Table 5.2-2 for ASME Class 1 

primary components and Table 5.2-3 for ASME Class 1 and 2 auxiliary 
components. Tables 5.2-2 and 5.2-3 also include the unstabilized austenitic 

stainless steel material specifications used for components in systems 

required for reactor shutdown and for emergency core cooling.  

The unstabilized austenitic stainless steel materials for the reactor vessel 

internals, which are required for emergency core cooling for any mode of 
normal operation or under postulated accident conditions and for core struc

tural load bearing members, are listed in Table 5.2-4.  

In some cases, the tables may not be totally inclusive of the material speci

fications used in the listed applications. However, the listed specifications 
are representative of those materials used.  

The materials used conform with the requirements of the ASME Code, Section 

III, plus applicable addenda and Code cases.  

The welding materials used for joining the ferritic base materials of the RCPB 
conform to, or are equivalent to, ASME Material Specifications SFA 5.1, 5.2, 

5.5, 5.17, 5.18 and 5.20. They are qualified to the requirements of the ASME 

Code, Section III.  

The welding materials used for joining austenitic stainless steel base 

materials of the RCPB conform to ASME Material Specifications SFA 5.4 and 5.9.  

They are qualified to the requirements of the ASME Code, Section III.  

The welding materials used for joining nickel-chromium-iron alloy in similar 
base material combination and in dissimilar ferritic or austenitic base 
material combination conform to ASME Material Specifications SFA 5.11 and 

5.14. They are qualified to the requirements of the ASME Code, Section III.

5.2-13
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5.2.3.2 Compatibility wLth Reactor Coolant 

a. Chemistry of Reactor Coolant 

The Reactor Coolant System (RCS) chemistry specifications are 
identified in Technical Specifications 3.4.7 and 3.9.1.b.  

The RCS water chemistry is selected to minimize corrosion. A 
routinely scheduled analysis of the coolant chemical composition is 
performed to verify that the reactor coolant chemistry meets the 
specifications.  

The Chemical and Volume Control System provides a means for adding 
chemicals to the RCS which control the pH of the coolant during 
pre-startup and subsequent operation, scavenge oxygen from the 
coolant during heatup, and control radiolysis reactions involving 
hydrogen, oxygen and nitrogen during all power operations subsequent 
to startup. The limits specified for chemical additives and reactor 
coolant impurities for power operation are described in the EPRI PWR 
Primary Water Chemistry Guidelines and implemented in the Chemistry 
Manual.  

The pH control chemical employed is lithium hydroxide monohydrate, 
enriched in 7Li isotope to 99.9 percent. This chemical is chosen 
for its compatibility with the materials and water chemistry of 
borated water/stainless steel/zirconium/Inconel systems. In 
addition, 7Li is; produced in solution from the neutron irradiation 
of the dissolved boron in the coolant. The lithium-7 hydroxide is 
introduced into the RCS via the charging flow. The solution is 
prepared in the laboratory and transferred to the chemical additive 
tank. Reactor makeup water is then used to flush the solution to 
the suction header of the charging pumps. The concentration of 
lithium-7 hydroxide in the RCS is maintained in the range specified 
for pH control. If the concentration exceeds this range, the cation 
bed demineralizer is employed in the letdown line in series 
operation with the mixed bed demineralizer.  

During a reactor startup from a cold condition (i.e., following a 
refueling outage), hydrazine may be added to the coolant as an 
oxygen scavenging agent. The hydrazine is typically added prior to 
drawing a bubble in the pressurizer. This allows an excess of 
hydrazine to be present in the system for improved reaction kinetics 
to take place al: higher RCS temperature. Oxygen limits are 
described in the EPRI PWR Primary Water Chemistry Guidelines and 
implemented in the Chemistry Manual.  

The reactor coolant is treated with dissolved hydrogen to control 
the products for-med by the decomposition of water by radiolysis.  
The hydrogen reacts with the oxygen to form water and prevent the 
oxygen from reacting with the nitrogen and forming nitric acid

5.2-14
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with a "check source" that is inserted upon the command of the RDMS. Each 

time the check source is inserted, the microprocessor measures and stores the 

effect of the check source and compares it to the previous reading to obtain 

an indication of calibration trends.  

5.2.5.9 Technical Specification 

I The Technical Specification is provided in Section 3/4.4.6.  

5.2.6 Reactor Coolant Vent System 

5.2.6.1 Design Basis 

The Reactor Coolant Vent System is designed to allow venting the large quan

tities of noncondensible gases that can be generated within the reactor 

following core damage. It provides a vent path to the containment atmosphere 

via the pressurizer relief tank to insure that noncondensible gases cannot 

accumulate in the core to the point where core cooling would be interrupted 

and further core damage occur.  

The design temperature and pressure is the same as the Reactor Coolant System, 

i.e., 650°F and 2485 psig. Piping and valve material is stainless steel, Type 

316. All material is compatible with the reactor coolant chemistry and will 

be fabricated and tested in accordance with SRP Subsection 5.2.3, "Reactor 
Coolant Pressure Boundary Materials." 

5.2.6.2 System Description 

This system (see Figures 5.1-2 and 5.1-4) provides the capability to vent the 

Reactor Coolant System from two locations: the reactor vessel head and the 

pressurizer steam space. The vent valves will be manually operated from the 

control room. The function of these vents is to vent any noncondensible gases 

that may collect in the reactor vessel head and in the pressurizer following 
core damage.  

a. Reactor Vessel Head Vent 

The reactor vessel head vent consists of a single solenoid valve and 

a motor-operated valve in series. This vent ties into the reactor 

head vent line which is normally used to vent the vessel for vessel 

fill. A 3" flow restricting orifice is provided immediately 
downstream of the tie-in to the normal vent line. Both valves are 
powered from the same train emergency power source.  

b. Pressurizer Vent 

The vent for the pressurizer steam space uses the two parallel, 

redundant, safety-grade PORVs. The PORVs are 3"x6" pilot-operated
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solenoid valves with redundant, direct position indication. Each 
PORV has its own motor-operated isolation valve.  

The PORV and its associated isolation valve are both powered from 
the same emergency power electrical train. However, each PORV and 
its associated isolation valve are supplied by opposite train 
emergency power sources.  

5.2.6.3 Safety Evaluation 

The RCS vessel head vent piping and valves are Safety Class 1 and 2, seismic 
Category 1 up to, and including, the second isolation valve. A temperature 
detector is located immediately downstream of the second isolation valve for 
leakage detection.  

The reactor vessel head vent line has two normally closed valves in series; 
therefore, a single failure which results in an inadvertent opening of one 
valve does not initiate venting. The line also contains an orifice on the 
vessel side of the isolation valves that restricts the flow rate from a pipe 
break downstream of the orifice to within the makeup capacity of the charging 
system. Therefore, a break in this line, downstream of the orifice, or an 
inadvertent actuation of the vent during normal operation does not constitute 
a LOCA, and does not require ECCS actuation. All piping and components down
stream of the flow restricting orifice are Safety Class 2, and seismic 
Category I. The valve, piping and components downstream of the motor-operated 
valve are classified Non-Nuclear Safety (NNS).  

This valve is designed to withstand the safe shutdown earthquake. In 
addition, there is no piping which might be affected by spray from a 
postulated break in the :NNS portion of the piping (which is routed to the 
pressurizer relief tank).  

The pressurizer vent consists of the normal pressurizer PORVs and their 
normally open, motor-operated isolation valves. While inadvertent operation 
of a PORV would result in RCS depressurization, the effects have been analyzed 
and are bounded by the analysis presented in Chapter 15 and do not represent 
an unreviewed safety question. All piping and components upstream of, and 
including, the PORVs are Safety Class 1 and seismic Category I. All other 
piping and components downstream of the PORVs are classified Non-Nuclear 
Safety.  

All electrical equipment: for both the reactor vessel vent and the pressurizer 
vent is Class 1E. Motive and control power supplies for these valves are also 
Class 1E. Equipment within the containment atmosphere is environmentally 
qualified to insure operability in a hostile environment resulting from an 
accident.
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