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/ one First N.tionit P1 za, Chicago, Illino_is'

1 Address Reply to: Post Office Box 767
( Chicago, Illinois 60690

,

September 18, 1981 ~W*
td .,g j\

9, W., k ),g
% cv /\Mr. Harold R. Denton, Director
% eb 'cOf fice of Nuclear Reactor Regulation ' -

U.S. Nuclear Regulatory Commission 5 Tp$ d ,<-

Washington, DC 20555 k'
,A Tc $,

k k * .,''s,
Subject: Byri .,uation Units 1 and 2 / '' -

~

-

Braidwood Station Units 1 and 2 'D' d
Responses to FSAR Questions
NRC Docket Nos. 50-454, 50-455,
50-456 and 50-457

Dear Mr. Denton:

This is tu provide advance copies of answere to questions
from the r4RC staf f regarding the Byron /Braidwood FSAR.

Attachment A to this letter contains responses to questions
on several sections of the FSAR. Some voluntary changes to various
sections of the FSAR and answers provided previously are also
included.

All of this material will be incorporated into the Byron /
Braidwood FSAR in the next amendment. Fifteen (15) copies are
provided now for your early review and approval. One (1) signed
original and fifty-nine (59) copies of this letter are provided.

Please address questior.s regrrding these matters to this
office.

Very truly yours,

f/?.TL4w
T. R. Tramm

Nuclear Licensing Administrator
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ATTACHMENT A

List of Byron /Braidwood FSAR Questions Addressed

010.52 130.44

010.53 130.45

130.46

040.14 130.47

040.143 130.54

130.30 212.85

130.23 212.103

130.25 212.127

130.27 212.135

130.28 212.137

130.29 212.144

130.30

130.31 362.2

130.34 362.3

130.35 362.4

130.36 362.7

130.37

130.38 371.12

130.39 371.14

130.40 371.15

130.41 371.16

130.42

130.43 421.21

Also included are voluntary t?xt changes to the FSf7
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QUESTION 010.52

"Your response to Questions 010.14 and 010.34 concerning
our request for a reliability analysis for the auxiliary
feedwater direct diesel driven pump is not acceptable.
As indicated in NUREG-75/023 Supplement 1, dated August,
1975, we require that you provide us with evidence of
the reliablity of this pump to assure that its reliability
is at least consistent with the reliability of the emergency
diesel generators.

"It is our position that the direct diesel drive system
for the auxiliary feedwater pump meet those aspects of
Regulatory Guide 1.9 ' Selection, Design & Qualification
of Diesel-Generator Units Used As Standby (Onsite) Electric
Power Systems at Nuclear Power Plants,' as are applicable
to a diesel-pump unit. We recognize that Regulatory Guide
1.4 and its referenced IEEE Standards are designed for

asel-generator units but that many of its requirements
can be adapted to a non-electrical output device. Clearly
such requirements as starting, load acceptance, vibration,
overspeed,. automatic control, and site testing are applicable
to a diesel-pump unit as well as a diesel-generator unit.

" Provide a comparison analysis of the reliability of similar
features between the emergency diesel-generator and the
auxiliary feedwater diesel driven purap. Include comparative
reliabilities of the following subsystems: starting, combustion
air, exhaust, flywheel, fuel oil, lubricating oil, cooling,
governor, control, protection, surveillance- and cubicle
environment. The comparative analysis shair be based
on the applicant's or other's experience with similar
equipment or subsystems. Where similarities between pro-
posed existing equipment and subsystems are poor, the
applicant shall justify his reliability assessment based
on the specific differences between the subsystems. Test
data comparisons of existing duplicate or nearest similar
diesel drive arrangemente should be included."

RESPONSE

The question is addressed in the answer to Question 010.53.
The auxiliary feedwater system reliability study provides
data in Subsection 2.2.2.1 and in Appendi:t A, Sections. A.I
and A.II.2, of the data base that shows the reliability
of the dicsel driven auxiliary feedwater pump exceeds the
WASH-1400 reliability for diesel generators.

.
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B/B-FSAR

QUESTION 010.53

" Provide a response to our March 10, 1980 letter concern-
ing your auxiliary feedwater system (AFS) des ig n . This
response should include the following:

1. A detailed point-by-point review of your AFS design
against Standard Review Plan Section 10.4.9 and
Branch Technical Position ASB 10-1.

2. A reliability evaluation similar to that performed
for operating plants (refer to Enclosure 1 of the
March 10, 1980 letter) and discussed in NUREG-0611.

3. A point-by-point review of your AFS design, technical
specifications and operating procedures against
the generic short term and long term requirements
discussed in the March 10, 1980 letter.

4. An evaluation of the design basis for the AFS flow
requirements and verification that your AFS will
meet these requirements (refer to Enclosure 2 of
the March 10, 1980 letter).

"We note that your present AFS design provides two safety
grade auxiliary feedwater pumps. We wish to point out to
you that previous reliability studies for two pump auxil-
iary feedwater systems have indicated that installation
of a third automatically started pump powered from a
redundant emergency bus significantly improves AFS reli-
ability. It is our position that you achieve a system
reliability comparable to other recently approved operat-
ing Westinghouse plants with three safety grade auxiliary
feedwater pumps."

RESPO*TSE

The following response to Question 10.53 addresses the above
points. The reliability analysis incorporates a non-safety
grade startup feedwater pump as part of the Auxiliary Feed-
water System which increases the reliability of the ayron/
Braidwood system to a level commensurate with the operating
Westinghouse plants referenced in the NRC generic letter
dated March 10, 1980. The response to items 1, 3, and 4
above consider only the two cafety-grade pump trains installed
at Byron /Braidwood stations.

Q10.53-1
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B/B-FSAR

Response to Question 010.53

Preface

This provides a response to the March 10, 1980 letter from
D. F. Ross to All Pending Operating License Applicants of
Nuclear Steam Supply Systems Designed by Westinghouse and
Combustion Engineering. The response is organized into
four parts, each part dealing with a request for information
contained in the above letter. The ordering of the parts
is modified to place the reliability analysis as Part I
and the evaluation of the AFW System to Standard Review

.

Plan 10.4.9 as Part II. The reason for this is that the
'

reliability analysis contains a system description of the
Byron /Braidwood AFS that allows the reader an understanding
of the design and operation of the system and, hence, makes
the discussions in the remaining parts of the response more
meaningful. We advise the reader to understand this section ,

of Part I before going on to other sections.

Parts I, II, and III respond to Enclosure I of the March 10,
1980 letter. Part IV responds to Enclosure 2 of that letter.

The Byron /Braidwood Stations use the Westinghouse Nuclear
Steam Supply System (NSSS).

,

.
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B/B-FSAR

Response to Question 010.53

Table of Contents

Preface .

Part 1 Reliability Evaluation of the AFW System

Part II Evaluation of the AFW System to Standard Review
Plan Section 10.4.9 and Branch Technical Position
ASB 10-1

.Section

1 Evaluation to the Standard Review Plan
Section 10.4.9

? Evaluation to the Branch Technical
Position ASB 10-1

Part III Evaluation of the AFW System to the Generic
Short Term and Long Term Requirements

Section

1 Response to NRC Staff Short Term Recommendations

2 Response to Additional NRC Staff Short Term
Recommendations

3 Response to NRC Staff Long Term RtOLmmendations

Part IV Evaluation of the Design Basis of the AFW System
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B/B-FSAR

P a r't ' I : Reliability Evaluation of the AFW System

The Torrey Pinos Technology Report GA-C16444, " Byron Units
1 and 2, Braidwood Units 1 and 2, Auxiliary Feedwater System
Reliability Analysis," dated August 1981, follows.
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BYRON /BRAIDWOOD NUCLEAR GENERATING STATONS
,

AFS RELIABILITY ANALY1IS
GA-C16444

_

1.0 Introduction
. .

1.1 Objectives =
.

The objectives of this study were to.

Perform a reliability analysis of the Auxiliary Feedwr,Ler. .

Systems (AFS) of che Byron /Braidr7od (B/B) plant.
,,

Meet the requiz. inents of the NRC generic letter dart' March 10,, .

1980. The NRC letter requires a reliability analysis )f AFS
- similar to the analysis described in NUREG 0611 (Ref. il for

other Westinghouse units.

,")x l'. 2 B'ackground .

,

The reliability characteristics of the four Byron /Braidwood
Auxiliary Feedwater Systems (AFSs) were evaluated in response to Item
II.E.1.1 of NUREG-0737 and in response to the NRC generic letter of,

March 10, 1980. NUREG-0611 provides the basis of comparison for the
Byron /Braidwood AFS reliability with Werringhouse designed operating
plants. While the relative reliability Of the AFSc can be ascertained

~ fro.n this qualitttive comparison, a detailed quantitative reliability
, , analysis of the Lystem is required to identify the major contributors to

AFS unreliability. Both qualitative and quantitat.ve reliability
. results are presented in this study.

The Byron Unit 1 and 2 and the Braidwood Unit 1 and 7 AFSs are
*

identical systems. The system evaluated in this study is the Byron Unit
1 AFS. The only difference identified between Byron Station and
Braidwood Station is the reliability of the offsite power systems. The
Braidwood offsite power system is considered to be more reliable for the
reasons stated in sectica 4.1.2. Hence, to be conservative and to

-

,_ simplify the analycis a Byron AFS was chosen to be evaluated.

, The Byron /Braidwood AFSs are redundant and diverse. The AFSs
consist of three (3) trains; safety Trains A and B, and a non-safety
Train C. Each train can supply 100% of the flow regt ired for residual'

heat removal. Each pump has a different power supply. Train A and CO pumps are electrically dependent. The Train B pump is electrically
. independent.

..

Pj
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- , Trains A and B have tw0 independent water supplies, the condensate

storage tank and the essential service water system. The Train C water'

supply is the cenBenser hotwell. Trains A and B are automatically
actuated. Train C is manually actuated. Trains A and B flows enter the{, steam generators (SGs) via the te.npering flow lir.ss. Train C flow1- enters the steam generators via either the main feedwater lines or the
tempering flow lines. Trains A and B are tested on a monthly basis and''

following each maintenance outage. Train C is operated non-periodically
on each plant start up. Hence, considerable differance exists between, ,,

the trains. Two potential common cause failure areas are the steam
generators, where 2 of the 4 are required for successful cooldown, and-

the automatic start legic controls.
. ,

The remainder of this report describes the Byron /Braidwood AFS..

reliability analysis assumptions, methrdology and results.
,

1.3 Scope c1 Study

This study presents a qualitative comparison of the Byron /Braidwood.,

AFS design to the operating Westinghouse designed planta using the
- methodology of NUREG-0611. .

4

~

This study also presents a quantitative analysis of the AFS.
. Specifically, it includes error bounds on the results; it incorporates'

y . common caur. failures and it provides a treatment of oporator error. *

TP.is quantitative method of analysis consists of two approaches.
'

The detailed analysis was rarformed using Reliability Block Diagrams
(RBD). The uncertainty analysis was performed using fault trees (PT) ..,

The results of each approach were compared to uncover data
inconsistencias, modeling differences and unreasonable assumptions.-

,-

, 1.4 Criteria cnd Assumptions

.. The following analytical criteria, definitions and assumptions have
been made

A. The top event for this study is taken from NUREG-0611 which,
.

states: "The time interval of interest for all transient events
considered is the availability of the auxiliary feedwater system
during the period of time to boil the steam generator dry."

.

B. The 20 to 30 minutes boil dry time assumed in NUREG-0611 is usco,

in ',his study.
.

C.
*

The following initiating events were used in this study ar
required by NUREG-0611 and are assumed to occur on one. uni',
only:

/ Event At Loss of main feedwater (LMFW) with reactor trip
\ (LMFW/RT)

Event B LMFW coincident with loss of offsite power
~

(LMFW/ LOOP)
Event G:

'
LMFW coincident with loss of all AC power except for
any derived from batteries (LMFW/LOAC)

-

. _ _ . _ _
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D. lvgilability Criterion: Given that one of the postulated demand, , .

events occurs, unit AFS availability is defined as a successful,

systems start up (at least one Train) for the RBD model. The
'

-- fault tree model considers also the system failure to start and
failure to recover within the steam generator boil dry tinse of

'' 20 to 30 minutes.
.

l E. Availability of AFS Power Sources: The following conditions are
j

. met with respect to the postulated demand events and the
resulting Ar5 success.

.

1 1. LMFW: All AC and DC power available.~

2. LMFW/ LOOP: Diesel Generator lA is available for Train A
3. LMFW/LOAC: DC and bsitery-backed AC available for Train B,.

F. The failure rate data base used for quantification was taken-

primarily from NUREG-0611. Additional data were taken from"

Reference 2 and from the data analysis presented in Appendix A.
-

G. Degraded Failures: A partially successful performance of any
[- active or passive component was not considered. Each component
|' and each operator action was assumed to be either successful or

failed.

f( ) H. AFS Actuation and Con?.rol: For automatic operation during'
,

'
' emergency shutdown conditions the Engineered Safety Feat:re

(ESP) signal is '-itiated by any steam generator low-low Aevel,
| safety injection and/or loss of offsite power. This starts AFS
t. Trains A and B. The AFS Trains A, B, and C can also be actuated

manually.

.
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2.0 Summary of the AFS Reliability Study

The two objectives of this study were to evaluatt the reliability of
the Byron /Braidwood Auxiliary Feedwater Systems for three initiating7

i events and to meet the requirements of the NRC generic letter dated March
10, 1980. The results of these evaluations are presented as findings,
recommendations, and future guidance. Findings stem from insights gained
through the modeling and calculations which indi: ate that the

- Byron /Braidwood AFS are well designed from the reliability viewpoint<;

'

considering the specific site conditions. Recommendations arise from
areas where a simple clarification can impact AFS reliability under
certain conditions. The future guidance section is intended to supply^

information to future studies in the probabilistic risk assessment area.
,

11 NUREG-0611 Method cd[ Analysis (Qualitative)
.,

The qualitative analysis of the AFS was achieved according to the"

qualitative criteria in NUREG-0611. The principal aim of the NUREG was to
. evaluate the variability of auxiliary feedwater system designs rather than

evaluating the variability in data to be applied to a specific design.
Details of this ccmparison are presented in Section 4.2. the results are
summarized in Figure 2.1.

'

.

(w 2.2 Methor cg[ Quantitative Analysis
.

t The quantitative analysis was achieved using two methods. The first
method used hand calculations based on point estimated reliability data.

[ The second method used probability distributions in a fault tree code.
I

Insights into the impact of AFS reliability were first determined
with event trees on a qualitative Lasis. Reliability Block Diagrams-

k (RBDs) were used to study components in the AFS and provide first cut hand'

calculations to determine important contributors to unrcliability. Next,
a fault tree (PT) was developed and processed for the minimal cut sets.
Then the STADIC computer code was used to calculate the probabilities and
uncertainties for the fault trees under different initiating event
conditions. Finally, the computer and hand calculations were compared,
revealing differences in modeling approaches, data applications and the. , ,

impact of variability in data on the AFS reliability. Details of these
calculations are presented in Section 4.3.

The er2tistical independent estimate of AFS unreliability is on the
order of 2 x 10-4/yr for all the initiating events. The unreliability
calculation including common cause (CC) failures is on the order of 2 x
10-3/yr. These results are summarized in Table 2.1.

.

The comparison of AFS unavailability contribution for each of the
initiating events is presented in figure 2.2.

O

[ 2-1
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) 23 Comparison c1 Quantitative Methode
: -

The two assessment methods give consistent results considering the
! assumption differences in the logic of both RBDs and fault trees. The two

methods can be made identical for simply defined systems. However, in,

j this analysis both methods were employed to complement each other. The
'' ,

RBD and FT numerical unavailability contributions were in close agreement,

j
, , considering the type of calculations and the differences in assumptions.

The mean of' the distribution was generally within a factor of 2 of the; 2

.+ - point estimate value.

4
' "~

4

.

For independent calculations the fault tree calculations were;

, slightly lower because of the consideration of manual backup to the |
; automatic equipment, adjustment of initiating event recovery for 20 to 30

minutes, and the breakdown of dominant equipment faults into various modes, -

| where the failure rates of these moies are treated probabilistically.
> -.

In the calculation of common cause factors a simplification was made,

| for the hand calculations in which the point estimate of Beta, a factor'

'

used in common-cause failure methodology . (Ref. 9 and App.F), was 0.03,a

' whereas in the fault tree model each Beta was given its own value ranging
'

from 0.1 to 0.001, The Beta factor contributions were not corrected for
'

the 20 minute startup time which would lower the contribution to system
; unreliability. The impact of this approach was to obtain slightly higher
i r unreliability for the common mode considerations in the fault tree

,

j "

modeling than in the RBD model. However, the dominant contribution to the.;
' unreliability remained the same for both methods as described in Section

4.3.
r

,

*
: 4

2.'4 Findin:s

The Byron /Braidwood three train design is assessed to have high,--

.

j
'

medium and high reliability (see Figure 2.1) based on the qualitative
j , criteria described in NUREG 0611 for the three initiating events,
i -. (LMFW, LMFW/ LOOP, and LMFW/LOAC). (Section 4.2)
I

L- The testing capabilities and precedures exceed NUREG 0611 criteria.; .

This allows for full flow periodic testing into the SG's at power;

' ,

operation and following maintenance outage. Train availability ir !"~

; mainthined during testing. (Section 4.2)
,

The diesel driven pump apoears to have better start reliability than, .

! diesel generators and the overall diesel driven pump reliability is
comparable'to turbine driven pump reliability based on a review of the
current Trojan experience. (Appendix A.I) |

,.

j.'

The Byron /Braidwood Trains A and B are partly diverse and, therefore,'
.,

i resistive to some types of common mode failures. Train C is diverse -

' from Trains A and B, but is dependent on off-site power availability.
(Appendix F)

:
*

,

d 4
'
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The Byron /Braidwood off-atte power systems outage frequency isj , .
,

' " significantly lower than the NUREG 0611 value of 0.2 to 0.3/yr. The i

i ontage frequency for a four line plant such as Byron are expected to
j be on the order of 0.02/yr from actual experience. ':his is a factor
{

^ -

of 10 improvement over the average values in NUREG 0611. This in turn.

lowers the LOAC power probability to 5x10-4/ year which was used in,
;

I this study. (Appendix A.III) ;

!
Automatic switching to the essential water fervice system on low |; .

|
'-

suction pressure for Trains A and B does not significantly improve the L

j _ AFS quantitative reliability. (Section 4.3)

j .l . . The major contributors to AFS unreliability in each train were the
j pump startup and its controls, and Diesel-Generator lA startup for

~

i Train A under the loss of offsite power initiating event. The major
common cause contributor affecting all trains is the initiating ESF,

j signal failure to close the steam generator blowdown valves, which
j results in an auxiliary feedwater bypass. Most electrical control and,,

; logic failures can be corrected by operator action within 20 minutes.
j Mechanical faults in the electric motors, or the diesel drive are the'"

; major contributors to unreliability beyond 20 minutes according to the,

; experience data base currently available. Recovery from these events
: was included in the event tree repair models for restoring main.-

j feedwater.
,

; ., ,

.

! Manual backup to the automatic start signals improved the AFS'"

; reliability. The failure probability was reduced by about an order of
i magnitude.
j . .c '

'

,

j Train maintenance was also a contributor to the unreliability, but not '

; a major contributor.
1

2.5 Recommendations for the AFS Operation{ ,

i r

j Supply the Train C auxiliary feedwater pump electric power from the~

i.

j
~ bus fed by off-site power from the System Auxiliary Transformer (SAT)!

to eliminate bus transfer unreliability. '

:

i Consider manual instead of automatic actuations of the Essential.

} Service Water System (ESW). Spurious operation could introduce
,

| untreated water into the steam generators. Manual operation of ESW |

| ,

would prevent spurious automatic actuations.
. -

| 2.6 Future Guidance

In future plant level reliability, availability, or probabilistic risk> .

assessment studies careful consideration should be given to all
diamond (undeveloped event) contricutions in the fault tree model-j ,

I which contribute to AFS unreliability. For example, the details of,

! l- the ESW system, and the steam generator blowdown system were listed as
'

unreliability contributors, but were not modeled from drawings as the
main parts of the AFS were. However, results indicate that some of
these components are dominant contributors to the AFS failure.,

-

.

.

| 7
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- Table 2.1
r *

AFS Unreliability Estimates
i .

. A. Point Estimates from RBD
i i
'

.| Freq. Trans. (20 min. recovery not included) Unavail Unavail*

Per Event Per Per
Yers Method Hardware Test Maintenance Human Error Demand Year

4

~
3 12fFW RBDs 5.7E-5 + 2.1E-7 8.6E-6 + 2.9E-9 6.6E-5 2.0E-4=

Indep
Point

,

Est.

.02 LOSP RBDs 8.E-4 2.8E-6 3.5E-4 3.23-8 1.2E-3 2.4E-5~

Indep
Point
Est.

.

5x10-4 LOAC RBDs 1.7E-2 5.3E-5 6.0E-3 3.6E-7 2.3E-2 1.2E-5
J' Indep
! Point

Est.
p [ 2.4E-4V ,

.

A

3 LMFW RBD 3.1E-4 1.1E-6 1.5E-5 5.1E-9 3.3E-4 9.9E-4,

! CC'

E Point
Est.

I g~.03
I

.02 LOOP RBDs 1.t/4-3 3.7E-5 3.5E-4 3.8E-8 1.4E-3 2.8E-5
CC,

{ Point
Est.
8~.03

'

5x10-4 LOAC RBDs 1.7E-2 6.6E-3 6.0E-3 5.8E-7 2.3E-2 1.2E-5
CC

{ Point
t Est.1

8~.03
:

( [1.0E-3

|
-

2-4 !
.
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i Table 2.1 (cont.).
.

t

B. Mean Estimates From Fault Tree

Freq. Trans. Byron /Braidwood AFS Reliability Estimates Untvail Unavail
Per Event Per Per
Year

~

Method '

Demand * Year',

!

FAULT TREE EVALUATION
r-

|| 3 LMW FT (includes allowance for 20 min 2x10 5 6x10-5
Indep startup)

.02 LOOP FT 1x173 3x10-5
Indep.

'

3x10-4 LOAC FT 7x10-2 4.3x10-5
- Indep.

| [1.3x10-4
' '

i

.

O .- > tare rr (met r ctor =et correctea ter 7x10-4 2.4x10-3 '
-

CC 20 min startup)
.2>s >.001

i .02 ~ LOOP FT 2x10-3 5.2x10-5
CC

.2>B >.001
I

~

5x10-4 LOAC FT 7x10-2 4.3x10-5
CC
.2>g >.001

[2.5x10-3
. -

* Hardware and human errc- considered explicitly for cases of omission. Human2

errors in maint4 nance or testing considered implicitly within the factori

{ approach.

,

|

!

O
2.5

4

-.r___._ _. _,,,_,,_,-,_y. . _ , , ._ . . . , . . _ , _ . . . . , , , , - , . . . , - . _ _ . . _ , . -, - - .



-

-

_
' _

_

_

.

*.)
.

_

_

s

e

,

.
P

_ _ O
O y

h
L tQ i

4' W l1

ig
/ iH* E

_C _ 9 F i1A _

M b6
5
4t

_ _ O d i

t
_ L a0A

f

D
>

ni o d 4
a lG_s e eEs

o M W
_ _ ' > p

_ RRL F5 / UD > :

M eNW 4 C 4 4

M _
' 1 (F L v_ e. L ig

w h
t t no

aiL r
o
f t s

iU> , > > 6 t

4 t 1 1 4
, a

h l
aS

S 9 9 9 O 9 6 4.

t
;
a uF.

- : e QAn
me

h s
e a d e9 Oig s

H rp o se
R h o ue

D wot
, ty t

i o d hP

O 9 g
* b

i

O l n i g
O an
/

la is
'

L d ia t rie
Y M D Ol v n B ta e
M -
F

v / sn
9 U e neL yd n oW

. *. O i is
e h r

, |h d t yrw u r

L
it o B eo n f h- g oa

- M
t sta
c i of so he

.
e h Thr

'
\

O __ 9 O O G 0 0 d T t
r

: f i6 > O e ow4 4 tts OOis o
N nt

' H
* o n

s ei i f

'
4 4 i mrs

W d as
M 4 9 peeF

M ms
) W3 | CA

L o s
( 4 :

G 9
. w 1

o
L

. 2
-

e

_5
r
u_

n g
k e o y is sc d w t

M
e e n i

let n F
N r

n o i b la
.

an ts tae h P nl o e o V cE
l

l fo li f P e
v n

a y nm l e n R r ya n

w t
o

ia la i a e d

e n n e a e e
k k

r A.
yt P

d iea

n
r m k

i ia L v n ea a

e e a
B.

n
I a n o e

l

rw owc n oeie o u a
i

r
ora a n

S
f

S P S Z Y T I K H B G P C T F S Nts
n
a
r
T

-
b
t

!



_

, ____,_ _ _ _ . . _ __ __. _ _ _ _ _ _ _ - ___ .. _ . _ _ __

,

.

, .

'

|
>

,

,

.-
,

;
< >

| 1.0 -
.....,"s,

i . N..
.,

N t
'
-
' ..-

LHFW
1 , \. . ,

.

d5I
I'\,

'

: 0. 8 ,

'
. . - . . . _ . _ . .

L0AC
T.,

_

| \.'..
., t '

.) 0.6- .

; \'
! C .

! w - _ \. .
i ,, ,

'

; 4 D \ '.

: - F 'g '. .

0.4- '.-
; \. '.

-

.

,
- i. '..

'.i 1 .
,

'

0.2- \. '.-'

: \.
.
..

> .

1
- \.

'
.

'.\. .
,|

. ' _ _ - _-

sj -

.
,

4
- e I I ' l ill I i l ilitig i i i t illi B I I i lill i l 3 I t ill

-0 -3 -4 3 -2 -l *

10 - 10 10 10 10 10-

UNAVAILABILITY PER YEAR
: .

I

Figure 2.2 Comparison of AFS Unavailability Contribution
from MiW, UlW/ LOOP, UlW/LOAC at the B/B Plant

*



.

,

.

' 3.0 Auxiliary Feedwater System Description

) 3.1 General AFS Information

' I 'The function of the Auxiliary Feedwiter System is to proviin residual heat
'

removal when the" main feedwater (MFW) system is unavailable. The AFS consists
of three 100% trains. Each train has the capacity to supply the steam
generators with sufficient feedwater to cool down the unit safely to 3500F, the
temperature at which th3 low pressure residual heat removal system can be
utilized. One of the trains is used during start up of the unit. A simplified

i drawing of.the Bryon/Braidwood AFS is shown in Fig. 3.1.
I

Auxiliary feedwater is supplied by diverse means with two automatically
initiated safety trains, Trains A and B, and one n'anually initiated non-safetyc-

train, Train C. Train A utilizes an ESF seismic Category I e3ectric-motor
driven pump powered from ESF Bus No. 141. On loss of offsite power this bus is
supplied by Diesel Cenerator lA. Train B utilizes an ESF seismic Category I,_

diesel-engino driven pump. This diesel-engine pump is AC power independent.
Trains A cnd B are located in the Auxiliary Building.-

'

Train C utilizes the start up feedpump, a ncn-ESF electric-motor driven
pump. This train is also used during ur.it startup and normal unit shutdown
from less than 10% power. It is also used in the hot standby mnde. Train C is

p located in the Turbine Building.

3.2 System Ogetation

'[~T . . Successful unit cooldown can be achieved by supplying feedwater to'any two'l '

of the four available steam genetm 3rs. Safaty analycis has shown that 160 gpm
delivered to each ot +5ree steam generatort t; 24G gpm delivered 'o each of two
steam generators is sufficient for residual heat removal. Eacu of the ESF

l trains, Trains A or B, has two times the minimum capacity. The non-ESP train,,

Train C, has approximately four times minimum capacity. Hence, any one of the
three trains can supply the needed cooling water to the secondary side of the,

j steam generators.

The' Train A pump motor drive is powered from ESF Bus 141. the Train A AFS,

regulating valves are powered by 125 V DC ESF Bus 111. The Train A AFS!
: isolation valves are powered from 480 V AC ESF Bus 131. The AFS isolation

valves are normally open and are not required to change position on AFS
actuation.

.

The Train B pump diesel engir.e is supplied by G1 own 24 volt DC
batteries. This diesel drive is self-contained and completely independent of
AC power under emergency conditions. Train B AF5 regulating valves are powered

' by 125 V DC ESF Bus 112 Train B AFS isolation valvrs are powered by 480 V AC
ESF Bus 132. The AFS idolation valves are normally open and are not required
to change position on AFS actuation.

The Train C pump motor is powered from a non-ESP bus. This train is
unavailable on loss of offsite power.i

:

[') ,

(,/

< m ,

e
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The ESP system will automatically start Trains A and B on three signals:
j lo-lo level in the secondary side of the steam generator; a safety injection
[ n;nal; and, a loss of offsite power signal. Manual start up capability from

the contcol room backs up the automatic system start. Instrumentation and
; controls are also provided at the remote shutdown panel in the unlikely event
i that the control room must be evacuated. Train C is manually operated from the'

control room and provides a manual back up to Trains A and B.

The normal water supply for Trains A and B h the condensate storage tank.
The alternate supply is the essential service pater watem. Train C takes a
suction on the condenser hotwell via the condensate / condensate-booster pump.

The Train A and B pumps are pwtected against low suction pressure with a,

run inhibit signal. This condition is corrected by t'.e automatie opening of

p essential service water (ESW) valves to the suction of the auxiliary feed pump.
g^ This occurs when a low suction pressure signal is received.1 The automatic

startup can be initiated within about 1 minute from the initiation of the Lo-Lo
, steam generator level signal. This is well within the limit of 30 minutes set

by the inventory of secondary water already in the steam generators.

To prevent pump damage a recirculation system is provided on each AFS pump
| discharge which bypasses flow to the condensate storage tank or essential
i service water system for the ESF pumps and to the condenser botwell for the -

non-ESF pump. Excessive recirculation flow is prevented by crifices in the

. c r u at o flow.
,

Monthly periodic tests are required for Trains A and B. Only one train is
tested at a time, the other train remains in a normal line up. The,

air-operated discharge test valve is closed and the pump is warmed up ont

recirculation flow. An ESF logic st. art signal will automatically open the
!~ discharge valve. Hence, the train under test is always available to supply

[ auxiliary feedwater to the steam generators. The conclusion of the test
requires the train valves to be aligned to the steam generator for a full flow
test. This portion of the periodic test will identify any plugged or;

{ inadvertently closed valves. The same test is required following each
'

maintenance or repair activity.'

Train C operation is tested by normal use during startup of the unit. It
is always available except following loss of offsite power.-

| From the reliability vit.wpoint, the key components which contribute to the
; AFS unreliabilities are the electric and diesel drives and their controls, and

start logic. Valves in the water pathway have been contributors to system
failure in other AFS but the valve failure modes, the application of check,

valves, and the monthly full flow tests reduce their contributions. A failure

of the condensate water supply is not a major contributor esause of the partly
diverse valve train from the tank and the backup water supply system. Blowdown
valves in the steam generator are

,

______

N 1. This action provides unprocessed water to the main steam generators.,

. Section 4.3 shows that this action does not significantly improve AFS
'

reliability, for the initiating events connidered. -
.

3- 2
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() potentially dominant contributors of AFS failure. Maintenar4ce outage of a
train is also a contributor to AFS unreliability.

~

3.2.1 Water Pathway

3.2.1.1 Trains A and 3,

. The normal water supply is the 500,000 gallon condensate storage tank. A
minimum capacity of 200,000 gal is reserved for the Trains A and B. In

- - addition to this normal water supply and the essential service water system,

,
the condensate tank from the other unit can be manually valved in by changing
the position of one valve.

IJ

The auxiliary feedwater pump discharge is routed to the steam generators
via the tempering flow lines. From the steam generator the steam is normally-

''
discharged to the condenser through the steam dump system. Should the
condenser be unavailable, the steam is vented to atmosphere through the
secondat, relief valves. Either path provides for successful operation of the,

AFS, sita e the AFS function is to remove heat from the steam generators until
either a restart condition or the residual heat removal system condit. ion is
reached.

Tae auxiliary feedwater flow to the steam generators is manuallye

controlled from the control rcom. The control valves are throttled as the
r desired steam generr. tor level is reached and the decay heat load diminishes

!O . deries coo 1 dowa no1e. oeee di=9 o# which trai s, reces, eed ste -
generators are available, the operator can line up the appropriate valves to
establish AFS flow paths. Any train can feed any of the four steam generators.,

| In the event that th? control rocm must be evacuated the AFS valves and pumps
A can be operated at G.e remote shutdora panel.

I When the AFS has cooled the plant down to 350eF, about 5 hours after the
}. initiating event, the residual heat removal system can manually be placed in

operation and the AFS trains are manually placed in standby condition.

I
3.2.1.2 Train C;

The Train C water supply is the condenser hot well. The normal volume is
,_

| approximately 100,000 gallons. Four 33% condensate / condensate booster pumps
^

are available. Each condensate / condensate-booster pump is driven by one motor.-

With off-site power available, the running pumps will remain operating and
recirculating to the condenser, thus providing NPSH (not positive suction het. i;'

to the Train C pump. This pump is manually controlled from the control room.,

An ESF logic start of Trains A and B will automatically close the main
< feedwater valves used by Train C. To start Train C, the steam generator (SG)

feedwater valves must be manually reset with pushbuttons, one for Logic Train A.

' and one for Logic Train B.

I 3.2.2 Auxiliary Feedwater Drives
1

() 3.2.2.1 Diesel Driven Auxiliary Feedwater Pump

This 1250 HP diesel-pump combination is designed to be independent of AC
power under emergency conditions. It is automatically started by a self

'

i
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<O'' contained 24 Volt D.C., battery-powered, start system. When any of three
emergency signals (e.g. the Lo-Lo steam generator level, safety injection, or
less of AC power) are received the diesel is started. The pump provides 840''
grm at a 3350 feet head. This Detroit Diesel has its own 500 gallon supply of
fuel, intake and exhaust air ducts, internal lube oil pump, and water jacket
cooling pump. An axir.1 vane fan driven from the gear box circalstes air over
the engine to provide coolir , during operation. The heated air is exhausted,

'through psssive building vents. When AC power is available, backup pumps are
available for oil pressure, water jacket cooling and room air cooling. These'

. backup systems help reduce engine wear during testing periods by providing"

prestartup oil pressure to the bearings and providing backup engine cooling.
c.

, Experience with diesel driven auxiliary feedwater pumps has been gained in
the Trojan power plant. Operational data from that plant provides insights
into the type of failure modes experienced and an estimate of the frequency of

' ''

their occurrence. These data, de;cribed in Appendix A, suggest that the
. failure to start on demand is lx10-2/D whereas diesel generator failure to

start on demand in WASH-1400 is 3x10-2/D, In about 1900 H of operation five
- failures have occurred af ter the early break-in faults were corrected. This
~

yields a failure rate of about 3x10-3/H which is equiv$ lent to the WASH-1400
estimate. Hence, this first-of-a-kind diesel driven auxiliary feedwater pump
has achieved a reliability somewhat better than the Class lE diesel generators
found in nuclear power plants.

Review of the B/B diesel design specification indicates that two of the
|("] . early problems with the Trojan system, overspeed trip and poor combustion on
D/ startup, have been resolved. The excessive trips on engine overspeed have been

'

corrected by utilizing an independent supply of hydraulic fluid for the
t governor. This was a problem in early operation at Trojan when erratic
i governor operation caused several overspeed trips. The second problem, that of'

cold engine temperature, has also been corrected with the addition of a water
jacket heater to maintain the coolant temperature as specified in the ASME code
Section III, Class 3. This will improve fuel combustion on startup by

! - maintaining temperature in the 100 F range.

: 3.2.2.2 ESF Motor Driven Auxiliary Feedwater Pump

The electric motor driven pump is used in most Pressurized Water Reactors
(PWRs) as a diverse method of supplying auxiliary feedwater. In t'J B/B design

- - the Train A pump '.s powered from the 4160 volt ESF Bus No. 141. This
horizontal pump rated at 1250 H? provides 890 gpm at 3350 feet of head. This
pumy is functionally redundant to the diesel driven pump under all conditions,

} except the loss of all AC power.
l

Experience with these pums3 indicated that the failure to start
probability, given that electrical power is available, is about an order of
magnitude less than for the diesel driven pump. FASH-1400 uses 10-3/D and
10-5/H for failures to start and to run.

| 3.2.2.3 Non-ESF Motor Driven Auxiliary Feedwater Pump
.

s/ The non-ESP electric motor driven pump is rated at 2000 HP and can provide
{ 5300 gpm at 1200 fect of head. It is powered from a non-ESF 4160 V bus.
t

f
; 3-4
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, ' () This electric motor driven pump has two requirements. Off-site power and
at least one of the four condensate / condensate-booster pumps running to provide
auxiliary feedwater to the four steam generators. The condensate / condensate-
bcoster pumps also require off-site power. Commonwealth Edison's practice is
to operate with 50% of the house load on the uni.t auxiliary transformers
(UATs) and 50% on the system auxiliary transformer. (SATs) (FSAR pg. 8.3-2) . On
a turbine-generator trip, two condensate / condensate-booster pumps will continue
to operate on t!.' ; Yrs. The op,er condensate / condensate-booster pumps will
continue to run valle the bus breakers automatically transfer from UAT to SAT.

.

3.2.3 Train A and B Valves
.

3.2.3.1 Condensate Storage Tank Valves
-

The ESF AFW pumps are supplied from the Condensate Storage Tank via two
* separate lines, both of which are normally aligned to supply the ESP APW

1

,
system.,

One line has a manual, locked open valve and a check valve in serica. The.

other line has two manual, normally open valves in series. The lines combine
downstream of these valves in the Turbine Building and this common line splits
to supply the two ESP APW pumps in the auxiliary building through a manual,
normally open valve and a check valve in series in each pump supply line.

[() *3.2.3~2 Auxiliary Feedwater Pump Suction Valves (Manual)'

.
, ,

The manual suction valves to the Train A and B are normally open. In the

{ case of low suction pressure the check valves in the suction line prevent
I backflow from the essential service water system to the condensate tank. The

positioning of these valves are verified by the full flow testing procedure.
!

{ Plugging or manually closing these valves are the most likely cause of loss of
t normal suction from the condensate storage tank.

J

3.2.3.3 Auxiliary Feedwater Supply Valves,.

Each train supplies all four steam generators. The Train A and Train B
supply lines combine into a common header prior to entering the tempering flow
lines at each steam generator. Each supply line has three valves; a check
valve; a motor operated isolation valve; and a flow control valve. The gentrol-

valves are air operated 'ralves controlled from the control room or from the'

remote shutdown panel. The valves fail open on loss of air or loss of power to
the solenoids.

3.2.3.4 Auxiliary Feedwater Backup Kater Supply (Automatic)

The essential service water back up supply valves are normally closed,
motor-operated valves. There are two valves in series to each pump suction.,

! | these valves are powered by ESF buses. A lcw pump suction pressure signal
i developed independently by each train in conjunction with a lo-lo SG level
- () signal will automatidally open these valves. They can also be opened from the

control room or manually at the valve.

<

F

9
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3.2.4 Train C Valves

* The Train C flow path utilizes the normal main feedwater lineup. All the
valves are to re main in operating position following a loss of main feedwater
condition except for the main feedwater flow control valves. These valves must

,

| be reset and manually positioned for euxiliary feedwater flow from the Train C
i pump.

3.3 Inspection and Testing Recuirements

.
-

The AFS trains are capable of being tested while the plant is in normal
operation. A full flow test through the AFS valves allows the valve positions
to be operationally tested. Discharge pressures and flow indications are
provided locally and in the control room. Periodic testing will identify any
" plugged" valve failures. During the first phase of the test procedure, the,.

discharg2 test valves are closed and the auxiliary feedwater is recirculated
back to the condensate storage tank. After the pump is tested, the discharge,,

valves will be opened to allow full flow into the steam generatort. These
valves are designed to open on an ESF start signal for the AFS. Thus, the'

train is available during the test.

3.4 Instrumentation and control

control room instrumentation includes staam' generater level indications,
controls, hand switchen, and position indicators for power operated valves.

' p .

b '
,.

The control start logic for the AFS, whicn is part of the Engineered'

Safety Paatures Actuaticn. System, is an automatic two-of-four input signal with
manual override.''

The following main control room monitors are provided for purposes of AFS
control:

AFS trip status light.'
.

Discharge presssure of each A'S pump..

Auxiliary feedwater flow to each steam generator..

Status lights for each regulator valve.. .

Alarms for AFS diesel engine temperature, oil pressure, and speed..

Status lights for AFS power operated valves..

The instrumentation and control system is designed .sch that undervoltage
,, on two of the four instrument channels rasults in automatic initiation of the

auxiliary feedwater Trains A and B.

3.5 Supporting Systems and Sources

Dp The active components of the AFS are dependent upon diverse sources of
| electrical power. L.ibe oil and cooling subsystems are supplied internally from

the diesel engine. All valves and controls in the same train are similarly*

[ .
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matched to the same power source as its pump, and key devices can be manually
or locally actuated as well. Four independent transmission 'ines supply the
offsite power, and two dedicated diesel generators back up the onsite Class lE
power busses. Up to 300,000 gallons of demineralized water can be made
available to the AFS from the Unit 2 condensate storage tank by a manusi cross

f- tie valve.
A.,

3.6
,,

Technical Specification Limitations

j Technical Specifications require the availability of 200,000 gallons of
water in the condensate storage tank for AFS use. Tank levels are alarmed and
annunciated in the main control room.~

A maximum of 7 d yyt, out of service is allowed for maintenance or repair of-

. _ , an ESF train while u.e reactor is critical. If that time is exceeded, the
reactor must be put in hot shutdown within the next 12 hours.

Surveillance Requirements

I'
[, 1) Each auxiliary feedwater pump shall be deaonstrated operablo

-- A. At least once per 31 days by:
t

(1) Verifying that each pump develops discharge pressure of
at least 90% of the mar.ufacturer pump performance curves.. l!

!) ) (2) Verifying that each valve (manual, poter operated or aut matic)
'

.

in the flow path that is not locked, sealed, or otherwise secured
j in position, is in correct position.

| B. At least once per 18 months during shutdown by:
4

! (1) Varifying that AFS starts automatically upon receipt of an ESF
~

test signal.

!

| ,, 2) T(.e condeasate storage tank shall be demonstrated operable at least once
i per 12 hours by verifying that the contained water volume is within its
i limits when the tank is the supply source for the auxiliary feedwater
i Pumps... .

:

3) The eesential service water system shall be demonstrated to be available
i whenever the condensate storage tank is inoperable.

;O-

i
-
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4.0 Reliability Analysis

One of the most important parts of any reliability analysis is to define
very carefully tha boundaries of the analyzed system while retaining a
perspective on the entire plant operation. In this analysis two methods were
used. First, the components of the auxiliary feedwater system were defined in
a reliability block diagram. This is a logic model which is based on the
components needed to make the system work. The second approach is that of the,

event tree / fault tree analysis method. After studying the system to understand
fully itz operation, event trees were constructed to show the potential for-

various uvent sequences which ir.eolve the auxiliary feedwater system. The
' results of the event tree construction help to define the top events of fault

trees. This important definition becomes the top block in a fault tree.
,

Hence, by this process the failure conditions and component failures which lead
~ to the top event can be defined. In the rtult tree format the components can

be in any system. RBDs and fault trees can be logically equivalent, if the
boundary conditions are equivalent.'

,

Event T_ree, Construction4.1 re
-

Three initiating events are considered in the reliability evaluation as
' suggested in NUREG-0611. Accident scenarios stemming from these events are

! expected to dominate the plant risk for events using the AFS as shown in
! WASH-1400. These events are loss of the main feedwater (LMFW), loss of offsite

q. power (LMFW/ LOOP) and loss of all AC power (LMFW/LOAC) . The AFS reliability-

I_/
' has an impact on which scenario can be followed after the initiating event, btt'

.s

the purpose of this study is to assess only the AFS reliability under the major'

events listed above.,

.. 4.1.1 LMFW

Loss of main feedwater events are characterized by a reduction in steam

generator water levels which results in a reactor trip, a turbine trip, and
auxiliary feedwater actuation by the ESF protection system logic. Success of
these actions are considered in events 1 and 2 in Figure 4.1 on the upper

branches. Following reactor trip from a high initial power level, the power
- quickly falls to decay heat levels on the order of 6% to 3% of full power.

Without auxiliary feedwater as shown in the lower branches of event 3, the

,

steam generator water levels continue to decrea-a, progressively uncovering the
steam generator tubes as decay heat is transferred and discharged in the form
of steam preferably through the steam dump valves to the condenser or through
the steam generator safety or power-operated relief valves to the atmosphere.
As a result, the reactor coolant temperature increases as the residual heat in
excess of that dissipated through the steam generators is absorbed. If this
condition continues, the volume of reactor coolant expands and begins filling
the pressurizer. Without the addition of sufficient auxiliary feedwater in

about 30 minutes, further expansion will result in , water being discharged
through the pressurizer safety and/or relief valves into the containment and

| this is considered to be a failure of both the AFS and MFW. These sequences

L are shown with solid lines in Event 6.
(

.
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q) If the temperature rise and the resulting volumetric expansion of the

primary coolant are permitted to continue, and if the relief valves fail to
reclose as shown in the lower branches of Event 7, the continuing loss of fluid
from the primary coolant system may result in bulk boiling in the Reactor
Coolant System and eventually in core uncovering, loss of natural circulation,r

j^ and core damage. This condition can be avoided by recovery of the mair
feedwater or auxiliary feedwater within approximately one hour or successful
closu:e of the relief valves. If such a situation were not recovered, the.,

Emergency Core Cooling System could be used to supply primary coolant makeup
water. After a longer time period, however, the primary coolant system-

.

pressure may exceed the shutoff head of the safety injection pumps, causing an~

insufficient supply of water. Hence, both success and failure of the ECCS is
considered in Event 8. The timely introduction of the sufficient auxiliary,,

feedwater is necessary to counteract the decrease in the steam generator water
- levels, which will reverse the rise in reactor coolant temperature, and prevent

the pressurizer from ?!111ng to a solid water condition. AFS success is to*

establish stable hot standby conditions or prepare for restart. Subsequently,
a decision may be made to proceed with plant cooldown ._ the problem cannot be_,

satisfactorily corrected. The event tree of Figure 4.1 then provides the .
details of the potential accident sequences for later quantification. This

..

evaluation is limited to reliability of the AFS in Event 3 and not the entire
accident sequence.

4.1.2 Loss of, the Offsite Power (LMFi!/ LOOP)

f( ) ,- Loss of offsite power is an ESF actuation signal for the AFS. The
'

'
reliability of the AFS le affected under this initiating event due to the
unavailability of Train C (the non-ESF AFS train) . The event tree of Figure
4.4 is a modification of'rigure 4.1 which includes detailed consideration of
the loss of offsite power. The difference here is in the recovery of the power
supplies. The physical behavior of the plant is as described in Section 4.1.

As can be seen from Figures 4.2 and 4.3 there is a difference b'etween the
offsite power sources at the two stations. At Byron the offsite power system *

| consists of a switchyard that is supplied from the Commonwealth Edison grid by
four separate 345 kV lines. At Braidwood the system is supplied by six
separate 345 kV lines. It is assumed that Braidwood Station will have a higher
offsite power reliability than Byron Station. Hence conservatively the
reliability data ussd in this study is based on the Byron system.,,

4.1.3 Loss of All AC Power (LMFW/LOAC)

Thic event is a subset of the event tree in Figure 4.4. The ma'n affect oft

this event is that the diesel generator power supply fails to supply the motor
driven feedwater train. If the diesel generator supplying bus 141 cannot be, ,

| recovered quickly, then the AFS depends on the diesel driven pump in Train B as' the only operable source of auxiliary feedwater. Hence, for this initiating
event diesel-driven pump reliability is the key factor. AFS response in thic| | case, requirec that the entire Train B cooling system be independent of AC

}() The event tree of Figure 4.4 is still applicable except thatpower sources.

loss of all AC pcwer sources is considered in the fault trees.

.

I
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4.2 Qualitative Reliability Analysis

..

A qualitative reliability comparison of the Bryon/Braidwc?,.1 AFS with the
results of those analyzed in NUREG 0611 Indicates that the B/S system is among
the higher reliability plants for DTW anc. UEN/LOAC, but in the mid range for.

UTW/ LOOP because of cnly two train redundancy. However, given the reliability-

of the offsite power, this effect is not significant in the overall assessment.
'

4.2.1 NUREG 0611 Comparative Reliability Analysis
,.

The NUREG 0611 (Ref. 1) provides to be a qualitative reliability assessment
of the various operating PWR AFSs. Qualitative criteria werc used to classify

-

the system elitbility ?n classes of relative low, medium and high''

reliabilities- for the three initiating events (IE). The criteria were
presented in a narrative form on pages III-21 through III-23. These criteria,

'

are summarized here in Table 4.1. Table 4.2 shows the NUREG 0611 criteria and- the Byron /Braidwood classifications and assessments. Figure 4.5 presents the
comparison of the Byron /Braidwood AFS reliability characterization with other

+

operating plants using a Westinghouse NSSS.

4.2.1.1 Interdependencies,

The potential for dependencies between trains was reviewed during thep) reliability analysis from the qualitative viewpoint. Separation was adequate.'

P No single point failure.4 were found. Even in the test procedu.:es an automatic
start signal overrides the testing thus eliminating a potential human
dependent . Inadvertent closure of the pump suction valve will not
incapacitate the train.

The operating experience in Appendix A indicated that the greatest
potential for dependencies between the Trains was the automatic start signal.
However, ii. every case, the manual override start was successful.

4.3 Quantitative Reliability Evaluation
.

The purpose of this analysis is to identify the dominant contributors to
AFS unreliability. Methods employed here incorporate experience from operating
piants. The basic data is taken from WASH-1400, as updated in NUREG 0611, and

-

supplemented where needed from specific power plant operating reports. This
data synthesis can help to simplify the fault trees and reliability block
diagrams by grouping components into "supercomponents" which are represented by
single inputs intc the uncertainty evaluation code (STADIC). The m:thods canalso be used to determino the impact of design options.

Two logic model types are utilized, each having strong points and,

weaknesses. First, the reliability block diagrams (RBD) logic model developed
; from questions such as: What is needed to make the system operate? Whatbackups exist? What redandancies exist? This modeling technique requiresi

7[d knowledge of valve positions, changes of state, signal operctions, etc., to
properly model the system reliability characteristics. The weakness of the RBD
logic modeling is that outside system interdependencies could be overlooked.
For example, valve positions in other systems which impact flow in the AFS
could be missed. Fault trees (FT) logic models are constructed to calculate

e
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() the probability cf the " top event". The tcp event should be carefully defu.ed
' using event trees to define the boundaries of the fault tree analysis. For

example, in the event tree of Figure 4.4 there is no special provision for
onsite power (i.e. Diesels LA,lD). Therefore, these items should be included
in the fault tscc. A drawback to fault trees is that so many conditions can be

'

described that the reduction of the FT to its important contributors can be
very difficult. To simplify this step, a minimal cut set computer code wan
employed to identify each set of failure conditions w' thin the FT. These,

L.nimal cut sets helped in assessing the common mode failure potential between
required components. After the minimal cut sets were r;eveloped, FT equationsa

were written to describe the probabilities and associated uncertainties of the
AFS unavailability. A computer code called STADIC can accept this FT equation
along with data inputs for each component or supercomponent. Based upon this
input a probability distribution for the top event was formu7ated.

4.3.1 Reliability Block Diagram Analysis
-

4.3.1.1 Assumntions
,

The RBD (Appendix B) for the Bryon/Braidwood AFS was developed assuming the-

need for the AFS from plant near full power. The RBD delineates the various
7-Ocess paths for starting the system'on demand. It also shows the various
comp < nents that were considered in the analysis and how they are inter-related
to each other. The various types of redundancies (active, automatic standby,
remote manual and local manual standbys) are symbolized.o, ,

.

' The top train on RBD pages 1, 2, 3, and 4 shows the model for Train A with
the ESF electric motot drive pump and the bottom train shows the model for
Train B with the ESF diesel drive pump. These trains are identical except for
the ptmp drives. The inter-relations between these trains are the common
cource of water supply, the condensate storage tank. However, each train has
an independent, automatic switching capability to the ESW (emergency service
water) system when low pressure occurs on the pump suction coincident with a<

low-low SG level trip. The ESW is operable from the ESF electrical bus.

For the initiating events considered in this analysis, an automatic ESF AFS
start signal was assumed. The ESP logic A signal actuates Train A and ESF
logic B signal actuates Train B. Manual over-ride capabilities for each train

| are available in t3e control room and the remote shutdown room.
*

I

AFW pump recirculation is only required when the flow is throttled, or
stopped, to the SGs. During initial demand of the AFS when full flow is
required to the SGs, the recirculation is not required. Each train has an
automatic recirculat: On switchover from the condensate storage tank to the ESW
system. The recirculation is used during pump testing for pump warmup before
reopening the pump discharge test valve to provide full flow test into the SGs.
By procedure, this same test will be used after each maintenance action on the
train to assure complete train functioning.

Train A and Train B can independently supply AFW to each SG through the
f' flow limiting orifice, flow control valve and a containment isolation valve.["") Cross flow between these trains is prevented by check valves' in the tempering

flow line at the SG and on the SG blowdown line and valves.

4-4
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'() the probability of the " top event". The top event should be carefully defined
using event trees to define the boundaries of the fault tree analysis. For
example, in the event tree of ?igure 4.4 there is no special provision for.,

onsite power (i.e. Diesels lA,lB). Therefore, these items should be included
in the fault tree. A drawback to fault trees is that so many conditions can be,

1

described that the reduction of the FT to its important contributors can be
very difficult. To simplify this step, a minimal cut set computer code was

''

employed to identify each set of failure conditions within the FT. These,

minimal cut sets helped in assessing the common mode failure potential between
required components. After the minimal cat sets were developed, FT equations>

were written to describe the probabilities and associated uncertainties of the
AFS unavailability. A computer code called STADIC can accept this FT equation' -

,
along with data inputs for each component or supercomponent. Based upon this
input a probability distribution for the top event was formulated.

.

| 4.3.1 Reliability Block Diagram Analysis

4.3.1.2 Assumptions
,

1

. The RBD (Appendix B) for the Bryon/Braidvood AFS was developed assuming the
need for the AFS from plant near full power. The RBD delineates the various
success paths for starting the system on demand. It also shows the varicus
components that were considered in the analysis and how they are inter-related
to each other. The various types of redundancies (active, automatic -tandby,

'

remote manual and local manual standbys) are symbolized.,_
,

'l''
i The top train on RBD pages 1, 2, 3, and 4 shows the model for Train A with

the ESP electri7 sotor drive pump and the bottom train shows the model for
i Train B with th' ISF diesel drive pump. These trains are identical except for

"

i the pump drives. The inter-relations between these trains are the common
'

source of water supply, the condensate storage tank. However, each train has
an independent, automatic switching capabilitf to the EEd (cmergency service.

water) system when low pressure occurs on the pm p suction coincident with a
*

low-low SG level trip. The ESW is opercale from the ESF electrical bus.

) For the initiating events considered in this analysis, an automatic ESF AFS
i A start signal was assumed. The ESF logic A signal actuates Train A and ESF

,

logic B signal actuates Train B. Manual over-ride capabilities for each train
' are available in the control room and the remote smitdown room.

.-

APW pump recirculation is only required when the flow is throttled, or
'

stopped, to the SGs. During initial deaand of the AFS when full flow is
required to the SGs, the recirculation is not required. Each train has an
automatic reciren': tion switchover from the condensLie storage tank to the ESW
aystem. The recirculation is used during pump testing for pump warmup before
reopening the pump discharge test valve to provide full flow test into the SGs.
By procedure, this same test will be used af ter each maintenance action on the
train to assure complete train fanctioning.

Train A and Train B can independently supply AFW to each SG through the

(} flow limiting orifice, flow control salve and a containment isolation valve.
Cross flow between these trains is prevented by check valves in the tempering
flow line at the SG and on the SG blowdown line and valves.

3,
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'( } the probability of the " top event *. The top event should be carefully defined
using event trees to define the boundaries of the fault tree analysis. For
example, in the event tree of Figure 4.4 there is ne special provision for
onsite power (i.e. Diesels lA,lB). Therefore; these items should be included
in the fault tr2e. A drawback to fault trees is that so many conditions can be.

described that the reduction of the FT to its important contributors can be
very difficult. To simplify this step, a minimal cut set computer code was' ' , employed to identify each set of failure conditions within the FT. These
minimal cut sets helped in assessing the common made failure potential between
required components. After the minimal cut sets were developed, FT equations.

'

were written to describe the probabilities and associated uncertainties of the
AFS unavailability. A computer code called fTADIC can accept this FT equation
along with data inputs for each component or supercomponent. Based upon this,

input a probability distribution for the top event was formulated.
.

4.3.1 Reliability Block Diagram Analysis
.

4.3.1.1 Assumptions
,

The RUD (Appendix B) for the Bryon/Braidwood AFS was develope? assuming the
need for the AFS from plant near full power. The PB) delineates the various
success paths for starting the system on demand. It also shows the various

-

[' componenta that were considered in the analysis and how they are inter-related
to each other. The various types of redundancies (active, automatic standby,
remote manual and local manual standbys) are symbolized.

,CE)
,

I -

The top train on RBD pages 1, 2, 3, and 4 shows the model for Train A with
the ESP electric motor drive pump and the bottom train shows the model for
Train B with the ESP diesel drive pump. These trains are f?.entical except for
the pump drives. The inter-relations betwee.1 these trains are the common
source of water supply, the condensate storage .ank. However, each train has
an independent, automatic switching capability to the ESW (emergency service

,
"

water) system when low pressure occurs on the pump suction coincident with a
low-low SG level trip. The ESW is operable from the ESF electrical bus.

i

For the initiating events considered in this analysis, an automatic ESF AFS
start signal was assumed. The ESF logic A signal actuates Train A and ESP
logic B nignal actuates Train B. Manual over-ride capabilities for each train
are available in the control room and the remote shutdown rcom.

. .

AFW pump recirculation is only required when the flow is throttled, or
stopped, to t.he SGs. During initial demand of the AFS when full flow is
required to the SGs, the -ecirculation is not required. Each train has an
automatic recirculation switchover from the condensate storage tank to the ESW
system. The recirculation is used during pump testing for pump warmup before
reopening the pump discharge test valve to provide full flow test into the SGs.
By procedure, this same test will be used af ter each maintenance action on thn*

train to assure complete train functioning.

Train A and Train B can independently supply AFW to each SG through the
("l flow limiting orifice, flow control valve and a containment isolation valve.i

\- Cross flow between these trains is prevented by chech valves in the tempering
flow line at the SG and on the 6G blowdown line and valves.

.
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O Train A is available for two of the three postulated initiating events
(IE); lose of main feedwater (LMFW) with offsite power, and loss of main

. feedwater with loss of off-site power (LMFW/ LOOP) (ontsite power, only) .

Train B is available for 231 IEs, namely: LMFW, LMFW/ LOOP and LMFW/LOAC
(DC battery power, only).g

-- Train C, (10% full plant capacity) c':llizes the normal condensate system and
provides AFW through tne main FW piping to the SGs. Therefore, Train C is

- available only for LMFW and requires remote manual startup from the control
room. Train C utilizes the condensate hot well as the water source.,,

. Assuming the plant is at power, three of the four (1/3 capacity)
condensate / condensate booster pumps (one motor drives both pumps) will normally
be operating.. The fcW th pump is on automatic standby. Two of the

-

condensate / condensate booster pumps motors will be on SAT and two will be on
UAT. With reactor / turbine trip, the UAT bus breakers ' fill rapidly transfer
(within 3 cycles) to the SAT. This will npt affect the motor operation on,

these buses unless breaker transfer is not successful. The operating
'

condensat.e/ condensate booster pumps were assumed to continue to operate after a-

reactor / turbine trip. This requires that the condensate booster recirculation
F functions successfully. Otherwise, theaa pumps will be pumping against a[ shutoff head. In addition to the condensate booster pump recirculation, the

two norne11y operating 50% capacity main EW pump recirculation valves are
o operable for added condensate recirculatica. The str.ndby 50% capacity main FW

recirculation requires remote manual action before it can be placed into (
' -

~

recirculation operation.

The normal condensats to the FW pump suction piping equires passing
through several low pressure feedwater heaters. At least two flow paths are
available, with a remote manual bypass line available around all LP FW heaters.

. The startup FW pump is started from the control room. This pump motor will
be on a bus fed from the SAT and will be available after a reactor / turbine trip

e and the LMFW initiating event.

Startup FW pump recirculation was assumed to normally operate. With no
flow on its discharge line, the recirculation valve will be fully open and
allow recirculation flow. Thus, with condensate / condensate booster pump.

operating and recirculating, this pump will also be recirculating.

j The startup FW pump is discharged directly into the main FW discharge
( piping. The main FW pump discharge check valve or stop-check valve must close

in ordcr to prevent backflow through the man. FW pumps.
; (

| The feedwater from the FW pump discharge piping to tne SG inlet must pass
' through the high pressure heaters. Two flow paths are available with a remote

manual Lypass lina available around these heaters.
,

i

When the automatic AFS start signals, ESF logic A and logic B, aleb] hitiated, the FW control valves in the main FW lines and in the tempering flow
lines to each SG will automatically close. In addition, a check valve in each
of the above lines will also ;1ase. In order to bring these lines into

{
.

operation, the operator must reset trains Logic A and B which enables these
l

!

;
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h control valves to operate. .The preferred path is to use the main FW lines to
the SG. A redundant path using the tempering flow lines is also available to !

,- . each SG. The Train C main FW line discharge to each SG is independent of Trains '

! A and B. The Train C tempering flow line paths are the same as Trains A and B.
!r'
: In addition it was assumed that the SG blowdown line valves will be closed"

| automatically upon receipt of ESF logic signals A and B. !

}
>

,

1 4.3.1.2 Reliability Block Diagram Quantitative Analysis
i |L .

"

. The RBD model shown in Appendix B for the Byron /Braidwood AFS was manually
}" quantified using the data from Appendix A. The failure probability calculated
j ,; is for the AFS fail to start and to provide AFW to 2:2 steam generators (SGs) .
j Failure probabilities wm estimated for three initiating events (IE). Two

3

j
- quantitative endmates were performed assuming statistical independenco of the

''
various train's and common cause on similar or identical redundant paths. Each
block in the RBD was assigned a failure rate. These failure rates were used to
calculate the overall failure probability, or unavailability of the AFS.; -

r
,

I Each initiating event (IE) was divided it.co the following [
->

l "

Rardware/ Operator Error - this assumed that the total AFS is! .
'

available and is the failure probability that the AFS fail to start_

{ and provide FW to >) 2 SGs.
!- (

Test-ThisasshesthatoneoftheESFtrainsisbeingtestedand#
. .

)
j the IE occurs. During the first 15 to 20 minutes of testing when the ,

| discharge valve is closed to warm tp the pump in the recirculation |
; mode, a demand for the AFS would automatically open this valve.
| - After warm up, the discharge valve is opened as part of the test.
'

The pump then provides full auxiliary feedwater flow to the SGs.

{ For this analysis, the " warm up" test mode was considered. The pump
, o discharge valve is designed to open on ESF logic signal to start the
: , AFS flow to the SG's and thus the unreliability of these components
' were used. Since the pump would be running and continue .o run, the
'

failure rate of the pump to start was assumed to be zero.
( -.

,

Maintenance - This assumed that if the IE occurred during the time a.;,,
train was out for maintenance, this train would not be available for| -

'.I AFS operation and thus, the failure probability of this Train is 1.
~~

| Human Error - This assumed that the plant personnel fail to reopen or.

,-t_ reclose valves af ter a testing er maintenance operation'. In the
; Byron /Braidwood design and procedure, this type of error appears to
l ' .1 be greatly minimized because of automatic opening to the discharge i

|'i test valve and auto =atic switching to the ESW. In addition, after
| each maintenance action on the I.FS train, it will use the same test

procedure as the monthly periodical test which includes a full flow,

; test into the SGs.
.

O ra t e, iatsa c a a= * e ecatrid tie =titi= a ta- :data in Ref. 1. Fault trees for test, maintenance and human error were 1
developed and shown in Appendix D. Applicable portions of the RBD model were

,

used as inputs to estimate AFS failure probability as applicable to these
f

*

4-6
-

- --



-

.

'
,

. .

.-

,

() trees. The sum of the failure probabilities for hardware, test, maintenance,
'

a.1d human error became tho astimate for the AFS fail to start and provide AFW
to 2 SGS on demand.

- 4.3.1.2.1 Statistical Independent Estimate

'

The statistical independent estimate a'.aumes that all redundant
components ate truly independent. The re::ults sre shown on Table 4.3. '1hese4

,,

results are for automatic actions only 1.1 Trains A and B and remote manual
startup from the control room of Train C. The results show that the greatest
contributor to AFS unreliability is in t'te b rdware/ operator error portion with

{~
the maintenance outage a relatively close second. The test and human error
portions are shown to be at least 2 orders of magnitude (10-2) less than meg

others, thus, are insignificant contributors. This is due to the automatic
valve action which keeps these trains available during test and many human
error problems.

.-

_ Due to a concern of an inadvertent automatic initiation of the ESW, a
separate analysis assuming a remote manual backup using two valves in-line was
calculated. These results are also shown on Table 4.3 for comparison with the
previous results. A slight increase in the failure probabilities was noted.
However, the summatio'1, or the unavailability per demand, was essentially
unchanged. Thus, use of manual actuation for ESW will not impact the overall
AFS ruantitative reliability for the three initiating cvents.

I ~
' .

4.3.1.2.2 Common cause Estimary,

The common cause estimate assumes that redundant components are not
truly independent. This estimate assu.ncs that some commonality exists between
redundant components, or trains, i.e., same maintenance personnel, same
procedure, same manufacturer, same environment (humidity, temperaturs.
earthquake, etc.), same design, etc.

'

In order to quickly estimate the common cause effect, a generic Beta
~

Factor of 0.03 was used for redundant components. The electric motor driven
pump and diesel driven pump were assumed to be diverse. Using these
assumptions, the results are shown on Table 4.4. These results are for the

'

automatic actions only in Trains A and B and remote manual startup from the
control room of Train C. The table shows that the hardware / operator error

~ contribute to the greatest unreliability with the maintenance outage a
relatively close second. Again, the test and human error portions were found,

[ to be insignificant contributors to AFS unreliability. Lence, this AFS design'

[~ and procedure has done an outstanding job of reducing the test and human error
contributions which nave impacted many other AFSs in the past.

I 4.3.1.2.3 Summary of Cominant Failure Modes

The dominant failure modes for each initiating event have been arsessed.

by review of the dominant contributors to unreliability from the RBD in
Appendix B.

0
:

.

I
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LMFW with Off-site Power AvailableL ,

I
' A. Automatic start with no manual backup except for Train C

2

For the statistical independent estimate and the common cause estimate,
the principal dominant failure mode for the hardware /cperator error portion; a

L unavailability (% 'is the failure of the auto-start system (ESP Logic A and B),* ' '
to close the SG blowdown valves. This functicn is common to all four SGe and
all three trains. For the maintenance outage portion of the unavailability; ,

' when only two trains are available for AFS cooling, the dominant failure mode
is the failure- to start the 2 pumps closely followed by failure of the ESF~

logic ~ system when both auto-start trains (Trains A and B) are available,'or
j failure of either Train A or B pump and auto-start and the operator errors in

'

_ manually starting Train C.

! a The test and human error portions of the unavailability were
'

insignificant and thus did not contribute to the dominant failure modes.
; :
|

B. Manual backup to the automatic ESF logic start '

4

j ~ Since the auto-start ESF Logic A and B system is the principal dominant'
; failure mode, this analysis assumed that if the auto-start system failed to
:

~-

operate, the operator can manually over-ride the ESF logic and manually actuate
i . Trains A and B within sufficient time for the AFS to operate satisfactorily.}p , Tables 4.3 and 4.4 present.the quantitative statistical independent and common* ,v cause estimates. With this assumption, the unavailability (T) for~ this,

1 initiating event reduced the independent estimate from 6.6E-5 to 7 lE-6.
I ~

Likewise, the common cause estimate was reduced from 3.3E-4 to 4,0E-5, both by *

._
about one order of magnitude.

For both independent and common cause estimates, the dominant failurei .

1 mode becomes the failure ' of the pumps to start in Trains A and B and the'~

| operator error in manually starting Train C. For maintenance outage portion of
"

'

, the I, the dominant failure mode is the failure to start the 2 pumps when both
auto-start trains (Trains A and - B) are available, or either Train A or B pump
fail to start and the operator errors in manually starting Train C.,

,

| Again, the test .and human error portions of the I were insignifiant
;

, and thus did not contribute to the dominant failure mode.- - -

;
Q'F_W with LOOP_

!

!
"

1 A. Auto-start except for Train C
i j. +

5- 3 For the independent estimate, the dominant failure mode for the
hardware / operator error contribution to unavailability (E is the dieself
generator (D/G) fail'to start in Train A and the diesel pump fail to start in
Train B. For the maintenance outage contribution to T, the dominant failure
mode'is the D/G fail to start when Train B is out for repair.

i .
<

.

.

4,
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(~') For the common cause estimate, the principal dominant failure mode for
the hardware / operator errot portion K is the D/G fail to start in Train A and
the diesel pump fail to start in Train B. Failure of the ESF logic A and B

~

contributes almost as much as the diesel pump fail to start. For the
maintenance outage contribution to A, the dominant failure mode is the D/G fail,,

to start when Train B '.s out for repair.:

l.

B Manual backup to the Automatic F1F logic start

For statistical independent and common cause estimates, the principal.

dominant failure mode for the hardware /operetor error X is the D/G fail to
r start in Train A arid the diesel pump fail to start in Train B. For the

(^ mai...tenance outage contribution to I, the dominant failure rode is the D/G fall
to start when Train B is out for repair.

.

With manual backup under the LOOP, the independent I was reduced from
- 1.2E-3 to 6.4E-4 while the common mode was reduced from 1.4E-3 to 6.7E-4, or

about a factor of 2
,

LMFW with LOAC,

A. Auto-start without manual backup except for Train C
_

*

For the independent and common cause estimate s, the dominant failure

I/~) mode for the hard4are/cperator error X is the di.asel pump fail to start in,

th Train B, the only train available for this initiating event (IE). For the
maintenance outage portion of the I, the dominant f ailure mode is when Train B
is out and no train is available for this IE. This does not consider recovery
of the offsite power and main feedwater within 20 minutes.

B. Automatic start manual backup to ESF logic start

The dominant failure mode is the same as that for the auto-start only.

With this assumption, the independent estimate of the li for this IE was
- reduced f rom 2.3E-2 to 1.7E-2, and from the common cause estimate 2.3E-2 to

1.6E-2.

- 4.3.1.3 overall Results of RBD Analysis

The overall result, the unavailability 00 pes year of the AFS was,

estimated to be as follows:'

t

Method of Analysis Auto-start, Without Auto-start on ESF
I

'

manual backup, on ESF Logic A and B with
Logic A and B M3nual Backupi

i,

|. Statistical Independent 2.4E-4/yr. 4.3E-5/yr.

Common Cause 1.0E-3/yr. 1.4E-4/yr.

_ _ _.

.

4-9

.- -_ - . . ---



"
.

1

'

l ' . . ,

l
g This shows that the positive aspects of human operators as backup to automatic

%) signals are worth about an order; of magnitude improvement in the AFS
reliability.

4.3.2 Fault Tree Quantification

In addition to the RBD analysis a far~ tree analysis was undertaken to

'
quantify tne uncertainty range and provide independent check on the impact of
the modeling assumptions. Three initiating events were considered:

' o

Loss of main feedwater (LMFW)-

Loss of offsite power (LMFW/ LOOP)- -

- Loss of AC power (LMFW/LOAC)
.

, 4.3.2.1 Methods
.

.. The fault trees were developed to consider faults within each train
which could cause failure to supply auxiliary feedwater to the steam generators

[' within 20 minutes after an initiating event. Heavy reliance was placed on the
|, RBD modeling for grouped component inputs. For compoi.ents which dominated the

train failure probabilities (i.e., pumps and drives) data at the failure mode
- level were used. In cases where the contribution was very small, such as

piping breaks, the failure probability was assumed to be a small fraction of
the valve failure probability. in most cases the data were taken from the
recommended values in Ref. 1. Probability distributions and uncertainty ranges,

L-~ were taken from Ref. 2. '

f .

Common cause failures were onsidered on a case-by-case basis. Three
} types of common cause failurca were included. First, those within a train

{- where redundant components are found with the train. Second, those which
impact two or three trains from internal components withia the trains. The
third type of common cause failure considered is that of external faults which,-

impact the AFS operation but are caused by systems external to the AFS.
Examples of the third type are common faults whic3 block the steam generator
output staam flow and piping faults which cause the flow to bypass the steam

| generators. The common cause failures were considered as explained in Appendix
t. 6 with Beta factors which represent the ratio of the common cause failures to

independent and common cause failures as measured by data from redundant
systems,

t *

Each train could be out for maintenance during a seven day period while
the plant operation continues. D. ring this period, the AFS consists of two

t trains. Af ter seven days, the plant must be shutdown according to the
technical specifications. The impcct of maintenance is included on the fault-

trees at the train level and are included in the STADIC code equations. A
( single block is included for maintenance outage. As a result, input parameters
i must be carefully selected. NUREG 0611 suggests that maintenance is performed

on a train about once every 4.5 raonths for an average of 19 hours. The range
on the maintenance time could be from one-half hour to 170 hours.

The point estimate is:3
~.)
i

1 x 12 months / year x yr x 19 hr.- 0.0057 -=

4.5 Month 8760 hr.

1u _ __ . _ _
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O The log normal ra: Je between the 50th and the 95th is estimated to be
3. These assumptions are made for each train even t. hough it is unlikcly that

.

main'.anance on Train C could be performed while the plant is in operation.

The impact of maintenance outage is greatest on the independent
estimate, but it only contributes 10% to 20% when common cause failures are
included.s.

-

The uncertainty for this unavailability is estimated to be 3 for a log
normal distribution. This accounts for the more frequent short, outages for
minor repair and for the less frequent major repairs. The impact of

. maintenance outage on the AFS reliability contributes about 20% to the system
unreliability.

If maintenance is not groperly performed and if inspection and testing' ,

did not uncover the fault, AFS unreliability would appear as a failure to start
,. , in the data base. If a maintenance action could negate 2 or 3 trains, then the,

fault would be counted as a common cause fault. Such conditions are included
-

in the fault tree as common cause faults which are the dominant contributors to
failures in redundant systems.

.

o.- '

.
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%

i
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'() Table 4.1 Criteria for NUREG 0611 Reliability Comnarison - Ref. 1

;

{ LMFW and LOOP AC Blackout

Low Reliability i.ow Reliability

Manual actuation * AC dep!ndencies-turbine lube-- ..

pumps *
^

Minimum redundancy - 2 pump.

Single point failure.

No time limit on train outage.
i.

1 . Medium Reliability Low to Medium Reliability

Auto start with manual backup AC dependencies - valves with..

local manual control *
'

Single point failure *.

No time limit on train outage. .

No time limit on train outage(- . .

i Water-hammer concerns.

f-
- System interactions (safety and .

Y
. .

A non-safety)*

!

Human interactions.

I
tests not staggered[_

'
.

test by same personnel and.
.

same shift
<_

Testing incapacities more than.

r train

High Reliability High Reliability
.

High redundancy No identifiable AC power..

dependencies
Auto start with manual backup.

No observed single point failure*
.

j Human interactions.

,

Tests staggered and.

: different shifts
,

Testing incapacitates only one.

train
;

Time limit on train outage |!
'

.

* Dominant contributor.
$
{ 4-12
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' Table 4.2 NUREG 0611 Qualitative Relicbility Analysis

I_E NUREG NUREG CRITERIA BYRON /BRAIDVOOD RFP. ARKE

ASSESS. AND ASSESSMENT
CRIT.ERIA.-

'

LMFW High . High redundancy Three trains.

t.

. Auto start with manual backup. Two trains-cuto start.

with manual backup;.
third train - manual

_

start.
,,

. No observed single point Cr'71y.

failure.,

'

. Human interactions Exceeds criterir.,.

, . Test staggered and Testing does not
different shifts. incapacitate ESP train.

Maintenance suction-

. Maintenance valve valve inadvertently left-

inadvertently left closed does not
closed. incapacitate ESF train.j("s

!\ J
.

Testing incapacitates only Exceed criteria., . .

one train. Testing does not
f

'

incapacitate ESF train.

Time limit on train cutage. Tech Spec requirement on. .

train outage.

Qualitative
'

Assessment: Med/High range

[ LOSP Low Minimum redundancy (2 pump) 2 Purup system. .

I

High Same as LMFW except minimum Same as LMFW except. .

redundancy. minimum redundancy.i

'

Qualitative
'Assessment:High/Med range.

| LOAC High No identifiable AC Complies. .

* power dependencies.

j Auto start with manual Complies. .

backup.1

Qualitative
j Assessment: Med/High range.
I

s _,

:
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Table 4.3 Sentistieni Independent E s t im a t_a, i

. ,

Freq. Trans. Byron /Braidwood AFS Reliability Estimates Unavail Unavail,

Per Event Per Per
Year Method Hardware Test Maintenance Human Error Demand Year

-

i
.

}{ith Autorntic Service Water Enckup 10. Condensate Storage Iank

3 LHW 5.7E-5 2.lE-7 8.6E-6 2.9E-9 6.6E-5 2.0E-4

.02 LOSP 8.0E-4 2.8E-6 3.5E-4 3.2E-8 1.2E-3 2.4E-5,

5x10-4 LOAC 1.7E-2 5.3E-5 6.0E-3 3.6E-7 2.3E-2 1.2E-5
-

'

[2.4E-4
; Manual Water Backuo !2 Condensate Stornce IAnh

lp *

jd 3 LMFW 5.EE-5 2.lE-7 8.7E-6 1.lE-8 6.7E-5 2.0E-4
-

.02 LOSP 8.lE-4 2.9E-6 3.5E-4 4.3E-7 1.2E-3 2.4E-5

5x10-4 LOAC 1.7E-2 5.3E-5 6.0E-3 7.2E-6 2.3E-2 1.2E-5*

| [2.4E-4
1.

Automatic f*ertup With Manuni Backup

3 LMFW 3.3E-6 1.6E-8 3.8E-6 6.2E-10 7.lE-6 2.lE-5

.02 LOSP 3.7E-4 1.4E-6 2.7E-4 1.8E-8 6.4E-4 1.3E-5
~

5x.10-4 LOAC 1.0E-2 4.0E-5 5.9E-3 4.3E-7 1.7E-2 8.5E-6

[4.3E-5
.

(

b
,

<
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Table 4.4 Common cause Esticate S = .039

,J

- Freq. Trana. Byron /Braidwo;d AFS Reliability Estimates Unavail UnavailPer Event Per PerYear Method Hardware Test Maintenance Human Error Demand * Year

~- Autonn_ tic Start Uithout Kanual Backup

3 LHFW 3.lE-4 1.1E-6 1.5E-5 5.1E-5 3.3E-4 9.9E-4
.02 LOOP 1.0E-3 3.7E-5 3.5E ,4 3.8E-8 1.4E-3 2.8E-5
5x10-4 LOAC 1.7E-2 6.6E-5 6.0E-3 5.8E-7 2.3E-2 1.2E-5

!(2) )[1.03E-3
-

! Automatic Start With Manual Backup -

3 LHFW 3.4E-5 1.3E-7 5.5E-6 1.3E-9 4.0E-5 1.2E-4
.02 LOOP 4.0E-4 1.5E-6 2.7E-4 1.3E-8 6.7E-4 1.3E-5
5x10-4 LOAC 1.0E-2 4.0E-5 5.9E-3 4.3E-7 1.6E-2 8.0E-6

}]1.4E-4

. .

t

)
.

I

!
'
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m Table 4.5 Auxiliary Feedwater System Unavailability +
e

,.,

Initiating Frequ;ncy Unavailability Per Demand Unavailability Per Year
Event Per -Yrt Mean Mean{' . (Median) (Median)1.

Independent Independent * Independent Independent''
+CC + CC.*

'j Loss of 3,0 1.8x10-5 7.2x10-4 6x10-5 2.4x10-3Main
Feedwater (1x10-5) (7xio-4) (3x10-5) (2.1x10-3)

' l(:) -
'

j .

Loss of .02 1x10-3 2x10-3 3x10-5 5x10-5
1 offsite

[ Power (7x10'4) (?.6x10-3) (1.2x10-5) (2.7x10-5)
~

Loos of 5x10-4 6.9x10-2 7.2x10-2 3.5x10-5 3.6x10-5all AC
(6.3x10-2) (6.7x10-2) (4.2x10-5) (4.3x10-5)

.

t = Median value-

| - * cc = Common cause fcilure
= Includes hardware failures. testing and maintenance errors. human+

errors. and m3intenance outage.
.
t

t

i

;

I
'

j[$) |
,
,
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]'' DATA BASE

,
A I. Basic Reliability Data - Used for the Byron /Braidwood Analyses

The basic reliability data (failure rates) utilized for the-

quantitative analysis were taken from Ref.1 (NUREG 0611) and are repeated
m here in Table A.I. When the required data were not given in Ref. 1, then

Ref. 2 (WASH-1400) was utilized and these data are ropested here in Table,

A.I.2. Ref. 1 was also utilized for the test and maintenance outage
! -- contributions, human acts and error failure data and the frequency of

occurrenen or the various initiating events per reactor year. In two
cases, hov 2r, special data searches were undertaken.~

,-

Ir ut o,f the diesel driven puap, no data were given in
. Referen. 37, Therefore, a special investigation was undertaken to

identify tao best 6;ia sources. A first cut sample was reviewed from Ref.
3 and this was updated from Trojan. The results are that (1) the diesel~

driven pump, after correction of early problems has achieved a reliability'

equivalent to turbine driven pumps, and (2) the diesel pump is more
, reliable on start than the diesel generators by about a factor of three.
- In the case of loss of offsite power frequency, the operational

h i ic aracter st cs of the particular area were felt to be more important than
the industry-wide average. Direct data from the B/B power lines indicates +

\]- - that the outage frequency in those areas is at least a factor of 10 less
'

-

4 likely than the NUREG-0611 estimate which includes data from Florida where
the connections are more prone to outages than the midwestern high voltage
grids. The data input to the fault tree evaluation is presented in Table

*

AIV.l.

A II. AFW Pumo Data:
..

A II.1
~

AFWS Data From Ref. 3,

, A review of data sources showed that the generic base presented in
Ref.1 for pumps does not differentiate between the type of drives. Most
AFW pumps are either electric-motor- or steam-turbine-driven. Ref. 3,
which is a study of LER (Licensee Event Report) pump failures, listed a,

'"
table of PWR plant data with the number of the various AFW pump type,
critical hours, calendar months, etc.. Ref. 3 also had a listing of the
PWR AFW pump problems from LERs. The AFW pump problems were divided into

- the following categories as required by the model, or various components
and classifications:

.

Fail to start or Fail to run after start..

Motor drive- .

' Turbine drive.

O
\'' Diesel drive.

'~

.

P 4
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,

I

(~%jt

Auto / Manual start circuit.

Human / Operator error.

- 4

To estimate a failure rate from that data the system demand cycles
were Lirst determined by assuming one test per pump per month pluc three
AFS start requirements per reactor year. This first-cut comparison is,

summarized in table A II.1.1.
;

g,

[~ In this first cut analysis the diesel drive AFW pump appears to have
a very high failure rate, both demand and run. Therefore, additional

, investigation was undertaken to more accurately understand the nature of
the follures and the frequency estimates. This indepth investigation is
discussed in Section A II.2.

|' A II.2 Trojan Nuclear Power AFS Experienc3
%

The Reference 3 listing of AFT drives showed t' t the only diesel

j driven auxiliary feedwater pump wita any experience sas at the Trojen
Nuclear Power Plant. Trojan utilizes their AFS for normal startup and

[ shutdown operations.2

frs Thus, the numbers of AFS starts were underestimated in Section A II.1
'

() causing the failure rate of the AFS diesel pump to be high. The Graybooks
'

(throug!* March 1981) and the annual operation reports for the years 1975,
1976, and 1977 were used to estimate the numbers of starts and runs that
the Trojan AFS had experienced.

Frca initial criticality (12/15/75) through 2/29/76, Trojan was
experiencing many problems with both the turbine and diesel drive pumps.
Docket 50344-250 summarizes the major equipment changes and modifications

| to improve the reliability of the AFS. These changes and modifications
'

,

i occur between 2/29/76 through 3/21/76. The data were analyzed in two
( parts, before corrective actions (CA) and after CA. The AFS components

and its failure modes, estimated numbers of starts and runs, and estimated
time to restore the system are presented in Tables A II.2.2.

.

Tables A II.2.1 summarizes the data and provides estimatos of the
failure rates for different modes of failure, including both before

3

! corrective action and after corrective action. After CA, the diesel pump<

I and its controls was estimated to be 5.2x10-3/ demand. Including a human
factor " fail to start", the diesel pump would be estimated to be

i 1.0x10-2/ demand. Reference 2 (WASH-1400) diesel / generator fail to start
| is assessed at 3x10 ' with an error factor of 3. Thus, the Trojan dieselt

'
AFW pump failure rate per demand appears to be less than that of Ref. 2

. j diesel / generator. Including the before and after data for the pump and
'

its controls without operator error, the failure rate per demand would be

(~1 -

y
; ______

2. Conversations with the plant operating personnel.'
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assessed at 7/254 = 0.029 or with operator error at 8/254 = 0.031. InD. both cases, these assessments are practically the same as that forse

-

diesel / generators in Ref. 2.

The Trojan experience on _ath the diesel pump and its controls.,

(without ha .n factor) fail to start on demand of 0.0052 and the turbine
drive and its controls of 0.0063 are practically the same. The turbine-

drive and its contrcls from Section A II was assessed at 0.0068. Thus,
'

from this data, it can be concluded that diesel pump fail to start failure
rate is at least as good as for the turbine pumps, and about a factor of 3,

better than the diesel generator start failure rate.
,~

A.III Reliability of Commonwealth Edison Off-Site Power Supplies (5)

,, The reliability of high voltage supplies in the midwest are
significantly better than the U.S. average figures of 0.2 to 0.3/yr quoted

- in NUREG 0611. For the B/B units the outage frequency is expected to be
0.08/ year in which 50% are restored within 1 hour. The dominant

'

coatributors are double line outages at about 0.017/ station year and loss
of an auxiliary transformer at 0.064/ transformer year. Hence, the B/B,

stations have a loss of offsite power frequency which is a factor of 3
lower than the average figures presented in NUREG 0611. The following
description from reference 5 describes in more detail the reasons behind

"

these figures.

< .

rg A.III.1 . ascription of[ Off-Site Power Supplies,

V
The reliability of the offsite supplies for the auxiliary power

systems at B/B stations is a function of the reliability of the two
, auxiliary power transformers connected to the 345 kV bus, the bus itself

with the associated circuit breakers, and four or six 345 kV lines
- emanating from the bus Byron, Braidwood respectively. These lines, in

turn, are connected to an extensive generation and transmission network.
.-

~

Sources of power of the offsite supply are Edison's extensive

interconnected 345 kV network and the B/B units themselves. About 9500 MW
of Edison's generation is connected to the 765 and 345 kV systems at four.

and six stations, respectively. In addition, 6300 K4 of generation is

"

connected to the 138 and 69 kV systems, which in turn are tied to the 345
kV system at numerous locations through large autotransformers. Edison,

also has 29 high voltage interconnections with adjacent companies.

These high voltage ties with other companies are supported by the
- bulk power facilities of the interconnected systems east of the Rocky

Fountains. The entire bulk power electric system from parts of Canada to
the Gulf of Mexico and from Nebraska to the east coast (except Texas) is a
single interconnected network of generation and high voltage transmission.
Edison and the systems directly tied to it are the members of one or the

' other of three regional reliability councils -- Mid-America Interpool
Network (MAIN), Mid-Continent Area Reliability Coordination Agreement *

[~N (MARCA), and the East Central Area Reliability Council (ECAR) . These
(_) three regional reliability councils are among nine such councils which

form the Nationa! Electric Reliability Council.
.

A-41
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Periodically, the MAIN Engineering Committee through the cooperation
of its members and adjacent councils, conducts Extreme Disturbance%

Studies. These studies examine the strength of the interconnected network
to withstand very severe but highly improbable contingencies. Events such
as the loss of an entire power plant, the severing of a complete EHV,

right-of-way, and total destructions of a major EHV substation are
examples of the types of contingencies studied. These studies have shown

'

the reliability of MAIN and its surrounding regions to be very reliable-,

and resistive to power interruptions at the stations.

Electrical diagrams of the connections at the Byron /Braidwood 345 kV
;' bus cro shown in Figures 4.2 and 4.3.
~

A.III.2 Interruption oj' Off-Site Supply
.,

Given certain events, it is possible that the offaite supply to the
auxiliary power system could be interrupted temporarily as discussed in-

the following paragraphs:
,

A. Outage Frequency of a Reserve Auxiliary Power Transformera

- The outage of either Auxiliary Transformer No. 142 or No. 242 would
result in loss of supply to the associated auxiliary system. However,
operating experience with .his type of transformer (system aux.) has been

| very good with only one fa. lure on the Edison system to date. There are
f g-* seventeen reserve auxiliary power transformers on the system including,

| \ fossil and nuclear units with an aggregnte of about 113 transformer" years
I of operation. The outage' frequency of these tiansformers is 0.064 per

year. Switching facilities are available to supply the essential service
bus of one unit from the other unit system reserve auxiliary power
transformer. Such switching can be accomplisheo manua_ly within thirt.
minutes. Approximately 50 percent of the transformer outages are caused
by troubles which have been corrected within one hour. The other outages,"

involved failures which require major repairs.

B. 345 kjf Bus Outage
.

The 345 kV bus at both Byron and Braidwood Stations is a double ring
configuration with each line and major piece of equipment connected to a

* separate bus section. A fault will be cleared in the same manner whether
it occurs on the bus section or on the line connected to it; thus, single
bus faults do not lead to the outage of more than one line. A common
outage would require conditions which t..ve not yet occurred on the
Commonwealth Edison System.

| The simultaneous outage of certain pairs of 345 kV transmission lines
result in the loss of power supply to a reserve auxiliary power-

transformer. In particular, from Figures 4.2 and 4.3 the simultaneous
j outage lines on both sides of CB3-4 and CB4-7 for Braidwood and CBS-6 and
i CB6-7 for Byron will leave auxiliary transformer 142 de-energized. A .

simultaneous outage of lines CB-12-15 and CBil-14 for Braidwood and
O- CB12-13, CB7-13 for Byron will similarly affect transformer 242. The

~

lines in each pair have separate towers and do not have a common circuit

A-5
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breaker. The frequency of these dcuble line outages is expected to be,() 0.017 per year with an average outage duration of approximately seven
hours.

'.
The two-line outages cited above must be either simultaneous or occur

within thirty minutes to affect the supply to the auxiliary transformers
- for the following reasons. In the event of a fault on one unit the

breakers on either side of the line position would open, clearing the
"

fault and leaving the rest of the lines in service. If it were determined
that the line could not be re-energized immediately, then disconnects on,

the line would be opened, and the breakers closed to restore the ring bus.
- Similarly, when a line is taken out for maintenance, it is isolated from

the bus and the bus is restored as a ring. 1hus, if a line were out of
repair, and a fault occurred on another line, the reliability of off-site

*

,_ supply to *.he riserve transformers would not be affected significantly.

. Other multiple line outage events which affect the supply to the
auxiliary transformers include simultaneous gutages of three, four, five
or six lines. The probabilities of these more severe outages occurring
are not significant compared to the probability of the two conditions

~

described above. Also, the relay protective system at B/B incorporates a
high speed bus sectionalizing scheme to enhance the stability of the B/B

f- units. The probability of these conditions occurring is relatively
,' insignificant because three-phase line faults are involved with less than

one percent of Commonwealth Edison's 345 KV line tripout experiences.
,

() ~

Certain catastrophic events, such as a tornado or an airplane'

accident, could cause such outages if substantial damage were done to the
[ B/B 343 kV bus or lines.. These catastrophic events ocur at a frequency
j which is not significant when compared to the transformer and line outages

described above.

A.III.3 Quantitative Evaluation of Reliability cf the Off-Site Power
Supply

| In evaluating the relfability of the typical plant off-site power
( supply, failure is considered to result whenever the engineered safety

feature bus is without a power source for longer than ten seconds,
neglecting the unit itself and the diesel generators as power sources.

. The probability of such a condition existing is defined as Pp where:

) Pp= Downtime (hrs / year)

Uptime + Dawntime (hrs / year)

i Downtime (hrs / year)=

; 8760 (hrs / year)

O''
2 x 10-5.064xl 1 017x7; = =

8760 -

:

|
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where:

{ 0.064 = outage frequency per year of the reserve auxiliary
transformer

1 hr = median outage duration
..

0.017 = double line outage per year of the 345 kV
transmission lines

7 hr = average outage duration
..

The probability of failure of the B/B off-site power supplies for
Unit 1 is estimated about 2 x 10-5,

f..
I- Failure would result during the specific conditions of certain line

and/or reserve transformer outages described earlier. The most probable
'

of these conditions are the outage of transformer 142 or the simultaneous
outage of supply lines for Chit 1. For Unit 2, the critical conditions

are the outage of transformer 242 or the simultaneous outage of its supply
lines.

*

As a basis of a quantitative prediction :! the reliability of the B/B
off-site power supply, autage data for Commor. aalth Edison's 345 kV,

: transmission lines has been compiled for the period from 1965 through,

! 1975. Corresponding outage data for the auxiliary power transformers was
based on Commonwealth Edison Company experience supplemented with data

[ obtained from the Ediscn Electric Institute Apparatus Trouble Report,
'

( prepa.?+a by the Electrical System and Equipment Committee.

In summary, the loss of off-site power supplies to the essential

service buses of the B/B units due to all causes described above are
~ expected to occur once in approximately twelve years (Freq. = 0.081/ year)

with an outage daration of one half hour which is required for switching
! to the alternate line or transformer supply.
L

A.III.4 Estimate ol[ LOOP end LOAC Frequency Per Year

* ~
The loss of offsite power supplies to the B/B unfts essential service

buses due to all causec described above are expected to occur witn a
frequency of 0.081/ year. The major cor.tributor to this frequency is the
auxiliary transformer failure at 0.064/ year. This failure could easily be
corrected by switching to good lines, hence is not a contributor after 20
minutes. The other contributor is the double line outages at 0.017/ year

j with a.. average outage duration of approximately 7 hours. Thus, the LOOP
frequency per year for the B/D units is estimated to be 0.017. This is a
factor of ten improvement over the average values in NUREG 0611.

(

{ The LOAC frequency per year is directly related to the LOOP fre uency
per year. The diesel / generator fail to start !s assessed at 3 x 10 .

,. - Thus the LOAC frequency per year is 0.017 x 3 x 10-2 = 5.1E-4 or SE-4.
!
:

I
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Table A.I.1 Recommended Data fren NUREG 0611

(. .

~

BASIC DATA USED FOR PURPOSES OF C0',>fCTING
A COMPARATIVE ASSESS! INT OF EXI' ZING--

AFWS DESIGNS & THEIR POTENTIAL RELIABILITIES
.

'
.

Point Value Estimate
~

of Probability ofa
Failure on Demand

'- fytponent(Hardwire)FailureData
6. Vaives:

p Manual Valves (plugged) *1 x 10.4
.

4
Check Valves $1 x 10

i. Motor Operated Valves
Mechanical Components $1 x 10.3

.

4.

Pir g'ng Contribution $1 x 10.
,,

Control Circuit (local to Valve)
''

w/ quarterly tests $6 :r 10.3
. .

3w/ monthly tests *2 x 10

Pis*,r,n Actuated Yalves-

MOV-Mechanical Components +3 x 10.4
. .

3
.

SOV-Mechanical Components $1 x 10.

control Circuit (No .e: Use MOV c**.

Failure Rate if Vaive is not Fail Safe)
''"' ~

b. Purnps: (1 Pura); 3
' . _ / Mech...ical Corponents +1 x 10.

Control Circuit (Lecal to Pump -.

,

' applies to Electrical 7 mps)
w/ Quarterly tests +7 x 10.3

.
'

3
- w/ Monthly tests $4 x 10

c. Actuation tonic (Assumes at least 3'

1 of 2 logic) s7 x 10 / train
~'

.

" Error factors of 3-10 (up and down) about such valves are not unexpected for
basic data uncertainties.

**c represents a number sa small in mag.itude that it may be neglected for basis of
- this study.

'

, ,.

=

b.

-s

L

O .

..

F#

A-8
-

m _ _ _ . - . _ _ - _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ M*DL



m - . . . _ . _ . _ _ _ _ _. __________a._.._. ___ _ -

r

.

%.-

n
'l \

\v/

Table A.I.2
,

Data Tables from WASH 1400 (Ref. 2)
.
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, TABLE A II.1.1
x.J' ~

IIES.'t SID' AIS Conconer;L Estimted Failure )tates II.cm Ecf. 3. Data
..

(1)
Pump Est. No. Fail To Start Est. No. Fail Run Run-

Type of Starts Start Failure of Runs to Failure Failure'

(Cause) Rate (Cause Run Frac- Rate
''

i Per tion Per,,

Demand Bour
..

Zumg Ansi ita, Controls"

.

.- Turbine 2803 19(2). .0068 2745 13 .0047 5x10-4
'- Motor 3132 2 .00064 3067 5 .0016 2x10-4
.,

Diesel 35 4 .11 25 5 .2 2x10-2
.

c' Aul.2 Start Circuit *

,

- 560 9ec*(3) .016h .

turbine'

,

Motor 626 3(4) .0048*

Diesel 7 ) .14
i

NOTES:

1'
(1) Assumed one test per month per train plus 3 AFS requirements per

reactor year.
(2) 3 Pumps fail to start during test. 1 pump bad control problems and

2 pumps had excessive tight packing.
(3) 3 pumps fail to autostart. Manual started 3 pumps 0.K. Fuses not

installed.
'

7 days after initial criticality and before on-line.
- (4) 2 electric drive pump fail to autostart due to defective switches.

Turbine drive pump started 0.K.

,
*cc - Common cause failure.

I.,

.

.,

.

k- A-10
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() TABLE A I1.1.1 (cont'd)

L, IlES.I fill E.1 Ccmponent Estimted Failure Rates fr.g3 h 1 h

(1)
Pump Est. No. Frf1 To Start Est. No. Fail Run Run-

Type of Starts Start Failure of Runs to Failure tailure
'

(Cause) Rate (Cause Run Frac- Rate-

. . Per tion Per
Demand Hour

..

,71s et:11nneong
.

Turbine 2803 - 2 .00071 2745 4 .0015
,

(e) (b)(h)
(e) (2)(b)

'' (h)(g)
.

Motor 3132 3 .00096 5067 7 .0023
(c)(d) (f)(h)
(e? (2)(f)

l()!
'

.- (h)(2)'

(f)(h)
(3)(h)(3)

Diesel 35 1(a) .029 25 0 >.04,

Outage causes
--

, -

(a) Inadequate procedure. (b) No. 3 SG kW reg bypass valve recirculating
I (Haddem Nack enique)..(c) pump motor breaker. (d) 480V bus breaker.

(e) unkaowa. (f) air in suction header. (g) rGeirculator line and
orifice redesign. (b) plugged strainer during plant startup.

I
' '~ Notes

j (1) Assumed 1 test per month per train plus 3 AFS requirements per
j reactor year.;

(2) During startup. AFW pumps flow reduced due to startup-strainers plugged.'
-

' (3) During test. 2 motor-drive pumps lost suction due to air in the section<

header,,

l |
i i

|

|
|

'

I.i .

f A-11
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TABLE A I1.1.1 (cont.)

'

FIRST EllI AES Comnonent Estimted Failure Rates from Ecf 3. Data

(1)
Pump Est. No. Fail To Start Est. No. Fail Run Run.

'

3 Type of Starts Start Failure of Runs to Flilure Failure
(Cause) Rate (Cause Run Frac- Rate..

Per tion Per
; Demand Hour

-

OPERATOR ERROR< ..,

- Turbine
and its
control 2803 8 .0029 2745 0

.

Motor &
j itse

control 3132 4 .0013 3067 0
(3)

,.

,Q
.

i

| Diesel &,

( Its

| control 35 2 .057 25 0
i

; Auto
start

t turbine 560 1 .0018
[ cc*(2)

Auto
start
motor 626 0 1,0016

Auto
; start

"~

' diesel 7 1 .14
g ccw(2)
{ Notes

(1) .issumed 1 test per month per train plus 3 AFS requirements per, ,
,

! reactor year.'

| ! (2) All pumps f ail to auto start. r,s tual start one pump 0.K.. Mislogged leads
in auto-start circuitry.

| (3) During monthly test. two electric drive pumps failed to start until
i third manual attet.pt. Auxiliary oil pump not energized.

'

.-.

* Common cause failure.

|
'

A-12
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o Table A II.2.1
-

TED. TAN NUCLEAR P0h'ER 21A5X AES EXPERIENCE FROM 61'ERATIONAL REPORTS
.

Pump Est. No. Fail To Start Est. No. Fail Run
Type Starts Start Failure of Runs to Failure

4 Rate / Run Rate /
'

Demand Demand
,

b

Zumg Anst 111 Control s Before G (corrective Act_fems)
,,

,

'

Diesel 51 6 .12 42 2 .046

Turbine 25 2 .08 25 2 .08
.-

. After n

. - ,

Diesel 194 1 .0052 190 5 .026

| Torbine 159 1 .0i'63 157 1 .0064g

Anta start Circuit refore n
J -

,

i
t

Logie B 9 0 <.11

Lagic A '? O <.11

AL Ltr M
' '

Logie B 28 1 .036

i
Logic i 28 0 <.036

\

; ! .

|
- ~ *cc = common cause

,

.

t
! I

i

| ?

I

0
,

,
' t

,
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6

,n, --n r . , , . , , - - - - - , , , - - . - . , , , , . . - , - , . . , . - - . , = - . , - . . - , - . , - , - - - - - ,. - - - , --- . . . . -
.



. -- _ _ . . __

.

.,

Table A II.2.1 (Cont'd)

TROJAN NUC12AE POWER PLANT AES EyPERIENCE ]103 OPERATIONAL REPORTS

'

(1)
Pump Est. No. Fall To Start Est. No. Fail Run,

} Type Starts Start Failure of Runs to Failure
Rate / Run Rs.ta/

--

Demand Demand

DSarAMI, Error Before .CAa

Diesel 9 1 .114

Auto Start ec*(I)
..

. Turbine 9 1 .11
Auto Sta:t cc*(1)

,.

After a

E
.- Diesel 28

1 (2)
.036

Auto Start ec

Turbina
Auto Stare 28 1 .036

cc(2)
1r
B

.
'

'
'

After.CA
* D!.esel & 194 1 .0052 190 0 .0052

Its Controls

j Fineellaneous before .CA
L

Diesel 51 1(3) .020

Turbine 51 0 < .020

. After .CA

I
i
'

Diesel 194 0 < .0052 190 0 < .0352

! Turbine 159 0 < .0063 157 0 < .0064
\

' (1) Mislogged lifted leadr. (manual start 0.K.)
._ (2) Wirit.g error (Manual M:srt 0.K.)

,(3) Procedure inadeqt. ate.

1 !

l

f.
'

'

A-14
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Table A II.2.2 EVENT SU}9fARY..

~

Component Type: Diesel Driven AW Pump and its Controls
.;

DAtt .Timt .t2, Re store. Cause
..

.

Failure if d21. IA11..t2 Inn after startine.2,,

:

L
.

12/24/75 >20m. <5h Fail to set current limiter on speed
^

controller.
. .)

1/4/76 1.1h Speed signal lead vibrated icose.
,

2/14/76 >20m. <5h Jacket cooling water setpoint changed.

12/75-2/76 Oeerationni runs: 33. plant startuos and shutdowns.
~

POT-5-12 3. R 1 pAI MQn;h.

,

2/29/76 - 3/21/76 Correci.ive Actions and Verification Tests (Docket 50344-250)

3/28/76 <20m Insufficient margin on overspeed setpoint.

9/2/76 >5h. ~7 days Loose adjustment spring in jacket temp.
sensing device.

9/9/76 Same same

3/24/77 145h Broken crank shaft.
.

2/7/80 >20m.<5h Broken cooling water hose.

!I

i'

' 3/_76-2/81 operationni runs: 33. plant starttips and shutdowns.

! Verifiention Tgai n .41 POT-5-1 53. R 1 pgI month
'

!

:

O,

1

[

A-15,
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Table A II.2.2 EVENT SUIDfARY (Cont'd)

,_ Component Type: Diesel Driven AFW Pump and its Controls

Date Iina.tg Restore Cause-.

..

Failure 11olu Fail .tg start a dennnd.
.

12/19/75 >20m. <5h Special sequence required after each engine-

shutdown to reset fuel racks and control,_

circuitry.
,,

12/24/75 <20m Fail to reset fuel rocks.
..

1/9/76 Sh Hisaligned governor..,

. 1/23/76 <20m Low lube oil press.. cold start.
2nd start 0.K.

,

_
1/24/76 <20m Same

1/24/76 <20m Same '

- 2/29/76 2m Cold start overspeed trip local manual
._ start. (Turbine drive pump declared

inoperable 2 days before.)
.-

12/75 ,2/16. Overstionni starts: M plant startun juui shutdowns.
'

POT-5-1: ,1 g 1 pu month
..

2/29/76 - 3/21/76 Corrective Actions and Verification Tests (Docket 50344-250),

12/17/77 >20m. <5h Speed microswitch, out. of adjustment.'-

9/3/80 >20m. <5h No details-fail to start during test,

3/13 _2/J1 Syforntionni starts: fi plant startues usi shutdowns.,.

- Verification Tests: M 20T-5-1 : 6A g 1 pn month
..

6

).

.

9
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Table A II.2.2 EVENT SITMMARY (Cont'd)
.

Component Type: Diesel Driven AFW Pump and its Controls
.

. Data Ilma.tg Restore Cause
.

'

Comnonent Type: AEE Pumps
, Failure M2dt i Decinrod Inopernble
.

.
1/13/76 24.4 (16.0 repair) Turbine-steam leak

l. 2/27/76 ~25 days * Turbine governor oil probicm.
-

3/29/76 - 3/2/76 Corrective Actions and Verification Tests (Docket 50344-250)
.

12/17/77 >20m. <5h Turbine - could not be reset for auto!() .

.- start. Ihmit switch failure.
I

12/28/78 >20m. <5h Diesel - fuel oil leak

4/15/'3 >2Lm. <5h Diesel - fuel line crack

Component Type: AIll Isolation Valve
Failure Mada i Stuck partially open.

.

11/17/77 >5 h AFWIV between diesel pump and "B" SG stuck
partially open (90%). Damaged sealing gasket
allowed water to leak into main operator.

~'

*2 days later on 2/29/76 diesel pump pump fail to auto start. Remote manual
start failed. Local manual start OK after resetting overspeed trip. Started

j in about 2 minutes after initial failure.
I

f

6

'O
i
!
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. Table A II.2.2 EVENT SUMMARY (Cont'd)

Component Type: Diesel Driven AW Pump and its Controls.,

Date 2ime. h Restore Sanjuta

.

Comoonent Typet AES an19. start system.
Failure Mode; Zail 3 initinto Au1D. start sinal .

-

'

1/16/76 <20m (>5b repair) Mislogged lifted leads in auto start

circuitry. Both diesel and turbine pumps,

fail to start. Manually started one of
the pumps (cc)*.-

.

12/.22 _ 212i Auto. seartse 3
,

I 2/29/76 - 3/25/76 No change indicated in auto start systemr

. . (Docket 50344-250)
,

,

9/3/76 <20m (<5h repair) Blown fuse in diesel pump auto start, ,

I
i. circuitry. Manual start 0.K.

10/3/80 <20m (>5h repair) Wiring error, both diesel and turbine pumps
fail to auto start. Assumed manut.1 start
0.K. (cc)*.

10/11/80 <20m (Sh repair) Blown fuse in diesel pump auto start,

-

circuitry

Assumed manual start 0.K.

3/21 - 2/91 Auto.senres: 21
. .

*Commoc cause.
I

<

!

'

O
.
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'O Table A.IV.1 Fault Tree Data Input

Components Sy do) Beta Data Error Dist. Ref. Commenta
(Error Median Factor *
Factor) Q

'

(Demand)

t..'

5x10-8 10 in 21. Bypass to QP1
-

condenser''

blocked
.

.001(3) 1x10-5 10 in 2 Common to2. Relief QP2-

Valves - A.B. & C
''

insufficient Note a.

'

3. Steam QP3 NR 10-2 .02** Normal 15 min.
Generator NR is
manual nonredundant

- override
fails

QP4 .010) 1x10-4 3 in 2 Common to
; O .

4. Spuricus
'

j iS=ct ter ^c
' SG isolation Note a.

5. Condensate QP64 NR 1x10-6 3 in 2
tank rupture

.01(2) 1xio-4 3 in 2 Common to A6. SG check QP6
valve W O37 ' 2d B

'

fails to opn .<ote a.

.03(3) Ix10-5 3 In 1.2 Since valu7. CST valve QP8
AF001A fails is already
to open open 10% of

rate in Ref.
-

1. Common

with QP29
Note a.

.03(3) 1x10-5 3 in Common with8. CST valve QP9
ICD 183 fails QP61,

j to open Hote a.

*fl9.3.1

{ Q50%

'O **co95-Q50)
c
'

.

A-19
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Table A.IV.1 Fault Tree Data Input
,

Conponents Symbol Beta Data Error Dist. Ref. Coments
(Error Fadian Factor *

~
Factor) Q

(Demand)
,, ,

- 9.- ESW valve QP o .1(2) 1.3x10-3 2.3 in 1 Comon withl
AF017A fails QP 13''

to open Note a.
..

10. ESW valve QP11 .1(2) 1.3x10'3 2.3 In 1 Common with
- AF006A fails

QP32
.

to open Note a.

; 11. Mainfeed QPy .01(2) 10-4 3 in 2 Common with. . ,

water check
~

QP30,QP51
valves fail Note a.
to close

~

(Train A)

.03(3) 1x10-5 3 in 1.2 (1)comon to12. Train A QP12
p valves Train B QP34g) .~ AF003 fail Note a.

to open

13. Train A SG QP1 .03W 1x10d 3 in comon to3valves Train B
AF014A fail Note a.

j to open

14. Loss of QP14 NR 2x10-5 10 in Appendix A
y aux. fails during
I transformer cool down.,

' supply

f 15. Diesel QP15 NR 3x10-2 3 in 1.2,,

t generator
IA fails to

j operate

16. Electrical QP16 NR 1x10-2 1x10-l** Normal 2 15 min.
manual;

! override
fails

'

,

"

$g331
Q50% .

I **(995-Q50)
t

'
A-20
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Table A.IV.1 Fault Tree Data Input

[omponents Symbol Beta Data Error Dist. Ref. Comments.

(Error Median Factor *
Factor) Q

(Demand),

.

.1(2) 7x10-3 .003** Normal 1 Common to17.. Electrical QP17
'

control .003 Train B
, automatic Note a.

startup
failure

a

18. Pump QP18 NR 6x10-3 3 in

.
lubrication,,

fault
1

19. Pump OP19 (included in 18 above)
' cooling

insufficent
,

20. Pump fault QP20 (included in 18 above)

p 21. Pump motor QP21 (!ncluded in 18 above) .

22. Loss of QP22 Incl. lx10-5 3 in Appendix A
lines to
345 KV
owitchyard

23. ACB 1414 QPg3 .1(2) 1x10-3 3 in 2 Common to

| (Brecher) QP24
fails to close Note a.

.1( ) 1x10-3 3 in 2 Note a.24. ACB 1412 QP24
(Breaker)

. fails to open

~

25. Diesel QP25 NR 3x10-2 3 in 2
Genernter

| 1A Iails
to start.

! 26. ACB 1413 QPy .1(2) 1x10-3 3 in 2 Common to
closes QPg7i

27. ACB 1412 QP27 .1C3 1x10-3 3 In 2,

| Opens

.095Z*

t Q502
(

**(995-Q50)<

j A-21

|
. _ _ _ _ - . , ._ _ _ . . , _ _ _ _ _ _ _ . _. ..- . _ _ _ _ _ . . _ _ . . _ . _ . . .
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Table A.IV.1 Fault Tree Data Input

Components Symbol Beta Data Error Dist. Ref. Coo:ments
(Error Median Factor *
Factor) Q

(Demand)u

-,

28. ACB 1414 QP28 IX10-6 3 in 2
-

'- remnire
,

opcn

29. Condensate QP29 .02(3) 1x10-4 3 in 1 Note a.
storage

~ tank check
valve AF001B

'. fails to open

.01(3) 1x10-4 3 in 1 Note a.30. Main QP30
. - feedwater

check valves .

in Train B
fail to close

.1(2) 1x10-4 3 in 1 Note a.31. ESW valve QP31p.
- to Tain B

'

)V '

'

(AF006B)
fails to
open

( -

1(2) 1x10-4 3 in 1 Note a.32. ESW valve QP32
to Train B
(AF017B)
fails to

e open

.01(2) 1x10-4 3 in 1 Note a.33. Trein B QP33
check
valves to..

SG's fail
to open

.03(2) 1x10-5 3 in 1.2 Common t'o
34. ". rain B QP34

valve
QP12AF003B,

f fails to s

open

I *QS51.

'O "

{ **(Q95-Q50)

A-22
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< - - Table A.IV.1 Fault Tree Data Input

,

Components Symbol Beta Data Error Dist. Ref. Comments
(Error Median Factor *
Factor) Q

(Demand)
4

r-g

35. DC start QP35 NR 1x10-6/R 3 in IEEE 1/2 PTI
batteries 3x10-4 p< -

/
fail

-,

36. Fuel QP36 NR 3x10-3 3 in NPRDS,

supply
failure 3 fuel fail.

--

(diesel 26 tot. fail
drive x 3x10-2
Pump). - ,

Pump)
-

.1(2) 7x10-3 2 in 1 Common to37. Automatic QP37signal
QP5

failures Note a.

38. Manual QP38 NR 1x10-2 3O i

everriae
'

failure
(diesel

!

39. Internal QP39 001(2) 1x10-3 2 in Common to
engine

QP40
failure Note a.
(diesel)in
cooling system

40. Ea.ternal QP40 001(2) 1x10-3 3 in 2 Common to AC
'

Pump
I QP39failure
k '

(diesel)in
Note a.

cooling system

41. Internal QP41 001( ) 2x10-3 2 in NPRDS 3/52x3x10-2engine 2
failure, Note a.

j (lubrication
system)'

42. External QP42 001(2) 1x10-3 3 in 2 Note a.
AC pump

.O (itsrication
! system)
}

*C.9R
' ~

Q50% A-23
B

.
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O raste A.1v 1 Fanie Tree Data 1aP t

Components Symbol Beta Data Erro Dist. Ref. Comments
(Error Median Factor *
Factor) Q'4

(Demand)
r,

$ 43. Cear box QP43 .001(2) (2x10-4/D) 3 NPRDSQ =
failure 5x10-5/hr 5x5x10 4

-

NPPSS
asa mes
5 hr
operation-

.,
Note a.

44. Diesel QP44 NR 2x10-3 3 In 2 5 hr run..,

engine air
', intakea

blocked
-,

| 45. Diesel QP45 NR 10-3 2 in NPRDS 2/50 x 3x10-2
engine

e air intake .

blocked.

46. Diesel QP46 NR 10-3 2 in 1/50 x 3x10-2
engine
exhaust
blocked

47. Diesel QP47 NR 10-3 2 In
engine
breakdown

48. Rupture QP49 NR 10-6 3 in est.
of condenser

~
hotwell '

(Train C)

.01(3) 10-4 3 in 1 Common49. Trains A QP50
and B SG Trains A.B.C
check valves Note a.
fail to open,

f
'

.01(3) 10-4 3 in 1 Note a.
- 50. Train C QP51

check valves
(A) fail to

- open

' *0951
Q50%

**(Q 5-Q50)9
A-24

- . . - - . - - . _ _ . ~ . . . - . - . - . . . . - - - . - . _ . . - , . . . - - - - .-
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'' Table A.IV.1 Fault Tree Data Input

. O
Components Symbol Beta Data Error Dist. Ref. Comments

(Error Median Factor *
Factor) Q

(Demand)
- ___

51. Train C QP .01W 104 3 in 1 Note as
S2check vcives

'' (B) fail to,' open,

52. Bus 157 QPS3 NR .5 3 in App.A Power
faile to failure

''

recover for Train
(loss of C .5 in.,

offsite 1 br.
power)

53. Breaker QP54 .1(2) 1x10-3 3 in 2 Common QP26
'

switching
f. failure
L_

54. Pump QP55 .01(3) 1x10-4 3 in 1 Common to
[ (Train C) QP57 F Ef r3 o
LJ

~

' mech, failure Note a

55. Pump fails QP56 NR 4x10-3 3 in 1
to initiate

'~ on (Train C)'

56. Condensate / QP57 .03(3) 6.8x10-4 3 in RBD Common to
booster QP57 to QP60
pump drive Note a.,

fails

57. Condensate / QF58 (same as above)
booster pump

!
''

58. Condensate / QP59 (same as above)
booster pump
valve align-

,

ment changedi

( 59. Condensate / QP60 (same as above)
booster pump;

strainer failsj

(
! *a251

'

'
Q50%

,

1

j **(Q95-Q50)

A-25
7,

!
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Table A.IV.1 Fault Tree Data Input
..

Ccmponents Symbol deta Data Error Dist. Ref. Comments
(Error Med?.an Factor *
Factor) Q

~

(Demand)
,

'

.03(3) 1x10-3 3 In 1.2 Normally60. Condensate QP61
- tank valve open valves.

ICD 091 Common to
' Plugged

QP61.QP62
QP63. QP9

g,

Note a.
L

.03(3) 1x10-5 3 in 1.2 Note a.' 61. Valve ICD 149 QP62
pl ugged.

.03(3) 1x10-5 3 In 132 Note a.} 62. Valve ICD 111 QP63

| { 63. Train A B XLM 5.7x10-3 3 in 1.2 Only one-
t

or C out loop out
for main- at a time.4

(i( )
- -tenance. (.22/ month

t

,

x 19 hour
repatr)

_ NOTE a. The Beta factors for esch redundant pair of components was not
adjusted for the tite to restore the fault sf ter first dir.: overed. A
20 minute adjustment could amount to reduction of 50% in some Beta's.
All Beta's also- characterized by normal distribution..

b. Q50%

{ **(Q95-450)
_,

i

!

I
I
i

!
I

'(J3
l
i

e A-26
4

_ _ - - - . ,- -
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,

1

AF? RELIABILITY BLOCK DIAGRAM

\.

~9
,

1

a

,.

j \e

.

.s

$

4 ..

,

'O .

-
-

4

!

$

e *

!

I,
1

I,
I

'O
.
I

i .

t

! B-1
<
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MULTI-FUNCTION ITEM '
: .

,

'

DRAWING NUMBER
*

:
, -DRAWING C00RDir;t.'TE *

- ITEM fJUf.'hER .

DA?"ED LINE: : ITEM DESCRIPTION: Mov - t4ove R. OPERATCD V A8 #WLTI-F UNCTION ITEF.t - go9 g , g, o pg,e 3 74 3 va ,,,qaT S T
C ON t y _ gyppao t e., vssznTe p VAtlv6

CR - CON (ROL ROOM ~ *
STATE !?LANT AT POWER)*

SD - RESERVE SetUT00WN
STAT 10t1 NO - NORf.1 ALLY OPErl LO - LOCKED OPEf1 NO - NORMALLY DEENERGl2E0

NC - NORf. TALLY CLOSED LC - LOCKED CLOSED !!E - NORMALLY E !C5tGlZED
NR- Runninc FL - FAILED LOCKED NA - NORMALLY A.,iNE,

j
, it S - SToffED Fo - FAILED o?Ge4 p~A_ po w Tg Loss or air,=

3 FC. - FA ske p Q L.oSG > e c -n t=e . .-

'

REDUNDANC7 TYPE: - pe ,,$ [ ** *G'

e ,,
, ,

'- 0 ACTIVE ' -
,

i? ~

BLOCK DIAGRAM SEQUINCE:

- AUTO ~.;ATIC *g g g g g *

STAtm0Y 7,,,a 4 9;g, q;; 7
i > <i p,,,, . m ,

,

& frd MJs)1
,

*IMb .

= ~

' (f) Q-) (ib Q .) (tp 6 @
@|h%,,,3REMOTE MANUALTrac * +d'' CeaaE &D% %1~ s n S * * ',': ''" C'.'. 'g''l,|5i;* 'y'' p '*t, sp' , ''

'* c?- & 4* l ^ r
jj STANDBY F,ap 7 ,6 , w+,u. i E. e,,y,. ,- 3 9 p, %, p , y,,3

g, 5 ahr v ., s MC fae." u,, ,*
. ,. w

'

(50) v p.aD-er. 4
', *

r-
*

LOCAL MANUAL
n ', STANDBY

.
,

I
-

.

i -
. .

! * .
,

. AFS RELIABILITY BLOCK DIAGRAM.

-
-

t- ?
*

=.
,

.

. . .

. .
=

f
* '

,.
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APPENDIX FL
CCMKT CAUSE FAILUREF

"
Hardware, Test anC Maintenanc" lat drrors

~

F. Common Cause Hardware, Test and Maintenance and Human Error Analysis
i

,

'

Common cause analysis was performed both qualitatively and
quantitatively; qualitatively to identify potential sources of common,

cause failures and quantitatively to indicate the limited effect that
increased redundancy can have on the reliability of a system.-

''

Qualitative Analysis - The identification of common or similar

hardware, test, maintenance, human acticr.e or physical links between
redundant trains was the first step in this analysis. Based on the logic
modeling (RBDs and FTs) the experience with other similar systems which-

use redundar:cy, the testing and maintenance plans, the operator
~ interactions, the power supplies and service systems, the AFS Trains A and ,

B can be classified 3 partly diverse as shown in Figure F.1, Train C is,

almost fully diverse from A and B. The major dependencies from the
hardware viewpoint have been accounted for by considering the different-

initiating events which impact the power supplies for each train.

[''')
The hardware dependencies are mostly outside the AFS components. These

['- include check valves and blowdown valves on the steam generators. '

N

As a final qualitative check, the poter. :.ial for common cause failures.

as discussed in reference 6 were reviewed and are addressed below.
"

Reference 6, listed seven " common cause" failures th?t occurred in 1975
AFS experience. These failures are discussed below as to the effect if
they were to occur in Byron /Braidwood AFS:

m

A. Operator failed to open the valve frcm the condensate storage rank to the
" Train A and B pumps. The two AFS pump loops failed to be available on

demand as required by technical specifications. Docket 50317-516.

This failure indicates that a " single" valve provided condensate to the
[ Train A and B AFS pumps. This appears to be a " single" failure point. The
'' - Byron /Braidwood AFG has separate supply lines and valves to each of the

AFS pumps. Thus, a single valve closurr will not cause AFS failure. Only
a common cause failure, that of a multiple redundant inadvertant valve
closure, will simulate this condition in the Byron /Braidwood AFS Train A-

and B design. In the Byron /Braidwood design Train C comes from an
independent source of condensate. Also, the Essential Service Water (ESW)

-

System can " automatically" supply water to Trains A and B should be
,

condensate supply be unavailable.

w
B. Filters (in parallel) on suction side of three pumps plugged up with

foreign material which restricted flow. Docket 50305-354.

Byron /Braidwood AFS pumps have startup suction filters. Train A and B
pumps have full flow test procedures that will detect any restricted flow
including valve plugging.

F-2
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C 'ondensate stcrage tank water level was intentionally drawn down below
techniral specifica* ion limits to maintain maximum steam generatora

blowdown. Failure .o maintain water supply to multiple AFS pumps within
specifications. Docket 50315-340.

'

Byron /Braidwood condensate storage tank for Trains A and B maintain a
maximum of 500,000 gallons and, when the volume decreases to 200,000.

gallons, the refill system can provide makeup water. The AFS requirement
~* is 200,000 gallons. In addition, the other unit condensate storage tank

_ with a maximum capacity of 500,000 gallons can be manually transferred to
the AFS. A backup water sopply is also automatically available from.the
essential tarvice water system...

~ D. Condensate storage tank water level was intentionally drawn down below
technical specification limits because makeup water supply was dirty (high

,

oxygen content) . Failure to maintain water supply to rultiple AFWS pumps
with specifications. Docket 50247-449.~.

In the B/B design the multiple supplies of water reduce dependence on any*

one supply.
.

E. Two AFS pumps failed to start because of defective coatol, switches whichm

failed to close contacts. Docket 50305-350.
.

'
This could happen in any AFS. Since the Train B pump is an automatically-

initiated diesel drive, the Train A pump is an automatically started
.. electric drive, and Train C is a manually started electric. drive; the

control switching has elements of diversity. Thus, all AFS failure
re. quires independent fsilures in diverse systems. Common switches and"

,,
breakers in the 7 out of 4 Auxiliary Feedwater Actuation logic for Trains A
and B appear to have the greatest potential for a common cause failure.

_. Manual override of the logic can minimize this potential ccamon cause
failure k the Byron /Braidwood designs.

,,

F. A breaker accidentally opened and interrupted power to the turbine
~

overspeed protection (which tripped the reactor), and also interrupted
power to an AFS lube oil pump preventing start of the related AFS pump.
Docket 50305-361.

u -

~
The Byron /Braidwood AFS lube oil pump is a direct mechanical drive from the
diesel driven feed pump. Thus, this failure mode should have no effect on
the Byron /Braidwood AFS reliability._

G. Two AFS valves were upgraded during the licensing process and were not-

seismically qualified because of oversight. Docket 50289-491.
,

All safety related valves on the Byron /Braidwood AFS are seismically.

qualified.

Quantitative Analysis - The methM known 60 the Beta Factor Method of
Reference 9 was used to quantitatively estimate the effect' of common cause
failures. Simply stated, the Beta factor method assumes that a fraction of the
operationally independent failure probabilities of one loop of a redundant

F-3
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system will result in the loss of all the redundant loops in that system. The
hand calculations based on the point estimate uses a generic Beta Factor of
S = 3x10-2 This Deta Factoc is a median value based on an assumed range of"

10-1 to 10-3 The common causa failure probability, Qce, for a redundant
system can be approximated by the failure probability of one loop of a-

redundant system, Q1oop, times S. The total .'ailuro rata is the sum of the-

commen cause failure contributions added to the independent failures in
redundant Trains. Beta facters are determined from data and are significantly"

different for specific equipment types. Contributions to the Beta factor
include human error, manufacturing, design, maintenance, testing, qualitya

assurance, and external events.
c

The equations used to calculate the failure probability on demand were'

developed for each "AND" gate in the fault tree. The system failure
probability Qg is determined from the following formulation:,

..

Of " Q ndependent failures + Ccommon cause failures " Qift Occfi,,

, Q1+Q2+ On
(Q1(1-B )x Q2(1-S )X - On(1-8 )) +8 nQf =-

,

, where n is the number of redundant Trains
,

_

Q ndependent failure " (Q1(1-6 ) x (Qq(1-6 )x. . .Qn(1-8 )) +other componenti

failuresW
Qal + Qa2+...Qan + g 061 + Qb2+ -Qbn + -

.. Occf " 8a n b n

Q 1 + 0 2+ -Q n3 1 i
.

+ B
3 n

r

~

where a, b ... j are the common mode contributirns from each redundant
system within the system fault tree.,

- Since S = .1 the contribution of (1-S ) in the Qindependent failure probability
has only a small impact on the numerical estimate and therefore only slightly
decreases the independent estimate.

- -

In general, the Beta Factor ap" roach to common cause failure estimates has
its greatest impact on system relial.ility for highly redundant and simultaneous-

operating systems. It limits the system feiltre probability to about 1 to 3*

ordere of magnitude less than the single Train estimate.

I The calculations for the uncertainty ranges in the AFS reliability alsoL- include the uncertainties for Beta Factors for individual components as
assessed from Table F.2. The types of common cause failures which have

{ occurred include a high contribution from electronic sytem's (Beta = .l(2)) ,
y; diesel generators (Beta = .03 (2)) , rotating machines with great separation and
9 equipment which must pass strict single point failure analyses (Beta = .01(3)),

and diverse systems with a very low potential for common cause failures (Beta =
g .001 or zero). These estimates include the impact of human errors in testing

and maintenance equipment problems, etc. The trees of Appendix D and E

F-4
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(3 demonstrate more precisely how these factors can be considered. Once the fault'\~#
tree of Appendix B was completed, the minimal cat sets were found by MOCUS. By
inspection, the relative common caus failure fraction ordered by factors of 3''

according to Table F.1 from Ref. 13 were made. These are shown in the data
7, table of Appendix A.

t- For this analysis, the following assumptions were made:
'

1. The valves, ESF signal, electric pump and human error were redundant and
were considered with the common cause Beta factor.,,

2. The diesel drive and electric drive pump were diverse and thus subject to
-

very low common cause Beta factor.

3. The major inter-Train common cause failures were considered separately for.,

the three initiating events.
..

The common cause failure probability contributions to the AFS were~

calculated with the FT analysis code per inputs of Table A.IV and added to the
independent failure probabilities. The results are shown in Sections 2 and 4.-
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TABLE F.2.-.

POINT ESTIMATES OF S FOR VARIOUS COMPONENT TYPES

-,

NO. 0F COMPONENT TOTAL NO. 0F #"

COMPONENT FAILURE FAILURES OUE TO COMPONENT POINT
TYPE MODE COMMON CAUSES FAILURES ESTIMATE.,

^' ^ '~

DIESEL GENEf?ATOR -

_ , Fall TO RUN 4 3G 0.13

TRIP SYSTEM SENSOR Fall TO TRI ' 14 153 0.09"

CHANNEL

VALVE FAllTO OPEN 30 132 0.230- -

(c'ost)

' Fall TO START 2 14 0.14

Fall TO RUN O 12 0.06(a)
.. -

PRESSU RE, LEVEL, Fall TO TRIP 41 77 0.53
FLOW SWITCH

.- AIRCRAFT ENGINE FAllTO RUN 136 1702 0.08

(a) OBTAINEO FROM THE BINOMIAL DISTRIBUTION AT 50'/. CONF 10ENCE,r~

(1 -0)N , j _ y,"

WHERE N = 12, y = 0.5.
~
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APPENDIX G

I G. Fault Tree Analysis Using MOCUS and STADIC

,

Fault tree analysis is particularly useful in providing a schematic view
b of how the failures of primary events could lead to the failure of the top

event. In this particular study, the top event is the failure to supply

] sufficient. auxiliary feedwater to two of four steam generators within 20 mins;

;
_

of a LMFW, LMFW/ LOOP, LMFW/LOAC events. To calculate the probabilities of
these events, one can assign numerical probability values to the primary events
.in order to quantify the probability of faiure of the defined event..,

The analysis consists of two basic steps. First, the minimal cut sets
'-

_ from the fault tree are determined. This is eaW.y done with the MOCUS code
(Ref. 10). An example of the cut sets determined using MOCUS is shown in Table
G-1. These cut sets represent those events which could lead ta the failure of..

! thrae out of four steam cenerators to receive water and consequently, lead to
the top sysnt. From these cut sets one can formu3 ate mathematical expressions'

_
which define the probability of the top event. The available failure rate data
for che primary events have some degree of uncertainty and this should be
accounted for in the quantification process. The STADIC code (Ref. 11),

provides a fast pnd efficient method of doing this.

STADIC uses a Monte Carlo simulation- technique to generate a

/ .. pseudo-random . sample statistical distribution for a user-defined output
'

I B function. For example, in this study, one output function is the probability'

of the top everft given the loss of Sain feedwater. The independent variables.,

i r- for this output function are the failure frequency rates of each primary event *

i (~ found in the minimal cut sets. Each variable exhibits random statictical
! variations represented by a particular probability distribution. STADIC

generates a statistical distribution for the output function by selecting- at
random, values for each of the independent variables according to their

;
-

~

assigned probability distributions and combining these distributions in
accordance with the mathematical operations specified by the output function.

i A second set of randomly selected values for the independent variables is then
| _ chsen and a second evaluation of the function is made. This process is

repeated several thousand times on the computer. The resulting values for the,

output function are then sorted and arranged in increasing order of magnitude.
[ - - Confidence limits of the output distribution may then be determined directly

from the ordered array. As an illustration of the method, we have in Table G-2
a list cf equations defining the relationship of tidependent variables (QP)g

'

j which lead co the top event. TRAL and TRC2 give 3v mathematical operations
1 leading to the failure of Trains A, B, and C, respectively. P1 and P12

represent all combinations of independent failures of primary events la the
fault tree. P13 accounts for the common mode failures in Trains A and B. P14
accounts for the common mode failures within Train C such as failure of all the

| condensate booster pumps. P15 accounts for the common mode failures within
e Train B and .P16 considers the common mode failures common to all Trains. Each*

'

common mode pair is defined by the lowest pair member mathematically. For
,

example, pair 51, 33, and 7 is represented by 7 which is for check valve
'

failure to close in the main feedwater system allowing backflow from the steam.s

generators. This involves check valves affecting all Trains. Likewise, pairs
39-40, and 41-42 represent common faults in the diesel cooling -

: G-2,
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(4 and lubrication which arise from the use of both internal and external systems i

/ (i.e. piping leaks. This type of fault would defeat the redundancy built in
i the diesel unit, and could prevent Train B from operating. XY (4) is the 1

mathemt.tical expression for the f ailure upon demand of the top eveni. due tc.a
1.

independent failures of the baaic components; while XY(7) represents the
~

failure per year of the top event given loss of main feedwater. The rest of
the equations are self-explanatory.;
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.

MINIMAL CUT SETS FOR GATE G"
'

(
s e s o n o e s e = = * o o v e o s e e = * * * e e e e e e e s s e e . . . . . . . . e v e. c o = = * * * S * * e .L.M.F.W.) . . o * * e.

. . . _

se....e
CUT SETS WITH 1 COMPONENTS. , . . . . . _ _ . . . . . _ . _ _ . . . . . . _ _ . . . . . _

~.

NONE EXIST.
CUT SETS WITH 2 COMPONENTS

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

,

- NONE EXIST.
,, CUT SETS WITH 3 CCdPONENTS f

. 1) P6A P68 P6C
2) P6A P6B P6D

''

3) P6A P6C P60
__ _ _ _ _

_ _ , . .

4) P68~ P6C P60
_

.

CUT SETS WITH 4 C O M P O N E N T S._.. . . __ _._ ._ .___ _., __ _ _ _ _ _ . ___a

1) P6A P6P P4C P3C
2) P6A P6e P40 P3D

..
3) P6A P6C P40 P3D

___ _ _ . _ _
4) P68 P6C P4D P3D

_

. '. 5) P6A . _ P4B P6C P307
.-.

6) P6A P4B P6D P3B!

1
1 7) P6A P4C P60 P3CiO - u ese e4C eeD esc .

.

91 P4A P6B P6C P3A
_

__

_ _ _ , _ , , _10) P4A P68 P60 P3A
11) P4A P6C P60 P3A

' 12) F48 P6C P6D P3B
| 13) P6A P68 PSC P3C..

14) P6A PSB P6C P3B
- 15) P S A _ _ , ,. .,_ , P 6 8 , ,, ._ P 6 C . , ,,,. _ P 3 A_ _ . .

16) P6A P68 PSD P3D
17) P6A PSB P60 P3B
18) PSA P68 P6D P3A
19) P61 P6C PSD P3D
20) P6A PSC P6D P3C
21) PSA P6C P60 P3A. . .

___ ___

r
. . . . . . . _ _ _ _ _ _ _ . . . . _ . . _ _ . _ . _ . . . . . . . . _ . . . . . _ . . _ . . . . . . . . . _ . . . . _ _ . . . _ . . . . . . . _

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

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

* See~T~ 6Ie A0I, p mf&,,aj gols
4

. . . . .. . . . . . . _ . . .

O
.. ... . . . . . .._. - ... .4 . . . . .

. . . . . . . _ . . . . _ . . . . . . . . . . . . . . .

. , *
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CUT SETS WITH 4 COMPONENTS
, , , _ , _ , , _ _ _ _ _ . _. _ ,,_ _ ,_

_

22) P6B P6C PSD P3D
~

__ . . . _ _ _ _ _ _ . _ _

23) P6B PSC P60 P3C
- 24) P5B P6C

' CUT SETS WITH S COMPONENTS __
P60 P 3 8 , , ,,,,_ _ ,,_ , _ _ ____..____._c

.
* ~

.
..

, 1) .P6A P48 P4C P3B P3C

.~
' ' ' ~

2) P6A P4B D4D P3B 930 . _ _ _ . . _ _ . . _ _ . _ .

3) P6A P4C P40 P3C P3D

''
. . . . . . ..

4 ) P68.. P4C -.. .. P 4 0 .. P3C
.. .P 3 D --- - - _ _ - _ =

5) P4A P68 P4C P3A P3C
"

,, , _ , , _
6) P4A P6B P4D P3A P3D ______,,. ____ ____.
7) P4A P6C P4D P3A P3D

.- 8) P48 P6C ~ P40 P3B P3D ~ ~ ~ ~ ~ " ~ ~

~ ~"

9) P6A '5B P4C P3B F3C
'~ 10) PSA P6B . P4C P3A P3C -

11) P6A PSB P40 P3B F3D
[~ 12) PSA P6B P4D P3A P3D

.

L. 13) P6A P5C P40 P3C P3D >

~~
.,

14) PSA P6C. P 4 0, P3A P3D
,

15) P6B PSC P40 P3C P3D
! 16) PSB P6C P4D P3B P3D -

17) P4A P4B P6C P3A P3B
~

v g . _ ,_ _ ,
18) P4A P48 P60 P3A P3B- . .

h) 19) P4A P4C P60 P3A P3C
20) P48 P4C P60 P3B P3C

~

; 21) P6A P43 PSC P3B P3C
22) PSA P48 P6C P3A P3B
23) P6A P48 PSD P3B P3D

~

|
~~ ' ' '

24) PSA P4B P60 P3A P3B~~ ' ~~

-

25) P6A'' P4C' PSD' P 3 C '' ~~~ ~ 'P30
26) PSA P4C P60 P3A P3C

~ ~ ' ' ~
27) P68 P4C' P S C, P3C ~P3D

'

28) PEB P4C P6D P3B P3Cj , , , , _ _ , , _

29) P t. A P68 PSC P3A P3C
[~~ 3D) P4A PSB P6C P3A P3B

I
, 31) P4A Pb8 PSD P3A P3D

32) P4A PSB P60 P3A P3B
!^. 33) P4A P6C PSD P3A. P3D

35) P48 P6C'
' P60~~~ P3A

'~~

P30'' -
34) P4A PSC P3C

' ~

PSD P3B
[~ ,

373 P6A PSB PSC P3B P3C
36) P48 PSC P60 P3B P3C

38) PSA P68 PSC P3A P3C,

!~ 39) PSA PSB P6C P3A P 3 8'
~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~

,

''

40) P6A PSB PSD P3B P3D
41) PSA P6B PSD P3A P3D

f~ 42) PSA P5B P60 P3A P3B
_ _ , . _ _ _ _ _ , , _

| 43) P6A PSC PSD P3C P3D
| - 44) PSA P6C PSD P3A P3D

~

| 45) PSA PSC P60 P3A ~ P3C
~~ ''

| 46) P68 PSC PSD P3C P 3 0 ,,,,, ,_,,, ._

I 47) PSB P6C PSD P3B P3D
, , _ , , , , _ , , , , ,

._

[ j 48) PSB PSC ,, P6D P3B P3C_ _,

l ~ ,.
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G-2 LOSS OF MAIN FEEDWATER EQUATIONS

C PS :( ( 1 -9 P171 *Q P 171 * ( ( 1-BP 3 7 ) * QP 37 )
~

"

"~ T R A 1 : ( C P I B + ( 1 -B R 12 ) * Q P 12 +l l -B'7 h'*Q P 7 )P -

,

T R A 2:( ( 1 -JP s ) *Q P B ) * ( QP 10* ( 1 -P P 10 ) + 0P 11* ( 1-B P11 ) )
THA3:tCP?2+(1-RP231*0P23*(1-RP24)*QP24)*(QP25+QP28+>

C (1-3P27)*CP27+(1-BP26)*CP26)+QP14*QP15+0P1600P17
''

IRA 4:4.v'(1-QF131*0P131**3.
* TGP1:LP3S+CP3(+(1-BP14)*CP34+(1-SP30)*QP30+(1-BP43)*QP43+0P44,

_ C +CPie+C 47+CP45
-- T RP 2 t ( ( 1 -9 P 31 ) *CP 31 + ( 1-PP 3 2) * QP 32 ) * ( 1-BP29 )*0P ?9 ) + ((1 -B P3 7) _

C a CP 3 7 0 0P 3 6 ) + ( ( 1 -b P 3 9 ) * QP 39 * (1-P P 40 ) * QP 4 0 ) + ( (1-BP41 ) *QP 41*
C ( 1 -3 P 4 2 ) oC F 4 2 ) + 4 * ( I t l-B P3 3 ) *Q P 3 31 * * 31'

,_

T RC 1:l l-r. p51 ) oo p g 1 + ;p5 3. ( 1 -B P5 0 )* Q P 5 0 + 0P 4 9 + (1-B PS2 ) *QP 52 +
"

C ( 1-b OS S) + CP 5 5 + ( 1-BP 50 ) eco S 6 + (1 -BP5 4 ) *CP54
!RC2-'(1-EP57)*CP57)**4 .

P 1:GPl * ( 1-E P2 ) * CP2
D2:4 *( ( 1 -BP 6 ) o 0 P 6 ) * * 3 + 4 * ( ( 1 -BP 6 ) *Q P 6 + ( QP 3* ( (1-B P4 ) * QP4 ~""

''

' 'C'TQPS)))**3"~~ _ _. , _ , ,

P3:TRCl* TRAL *TRB1 , _ _ .
,

P4:TRCl*iRAl*TRB2
ip)s ' PS:TRCl*TRA2*(TRBl+TRB2) ._

_

'

[t
P6:TRC1*TRA3*(TR91+TRB2) _ _ . . _ _ _ . _ . _ . . _ . . . . . ._.

*

P 7:T RC l*TR A 4 * ( T R91 + T RB 21'.

| PE:TPC2* TRAL *TPB1
~~' ''

'' P9:TRC2* TRAL *TRB2 _ _ _ . , _

PIC:TRC2*TRA2*(TRBl+TRB2)
f

_ P12:TRC2 * TR A4 * ( T RB l + TR B2 ) . . _ __
P11:TRC2*TRA3*(TRbl+TRB2)

L
P13:RP12*GP12+BP23*CP23+999*QP9+BP10*QP9

~P14:9P54 *CF 54 + G P57 e CF5 7 +RP5 0*QE ~0iBV5270PS 2S

P10:BP 39 * CP 39 + B P41 * QP41
-' P16:BP7*QP7+PP6*CP6

P 17 :( 0P9 + CP 6 3 ) * ( CP 6 2 + Q P 61) + QP 6 3
~

_ _ , , . _ _ _ . _

X Y(1 ):TR A 1 + TR A 2 + TR A 3+T R A4 + XLT..,

X Y t 21:TRBl + TPB 2 +XL T
XYt3):TRC1+TRC2+XLT
XY(4):(XY(1)*XY(2)+P171*XY(3)

~

XY(5):XYt2)+P15
XY(6):XYt3)+P14 ,_ _ _

XY(7):XY(1)*XY(5)+P13+P17
,

XY(8):XYt7)*X1.bl+/16
XY(9):FLMFWayy(4)

X Y t 10 ):F L PF n * X Y ( 8 ) ~~ '~~ ~~~~~ ~ ~~~
XY(11):XY (4 ) +Pl +P2
XY(12):X Y ( 81 + P l + P 2 + B P 2 * Q P2 + B P 6 * Q P6 + B P 17,* Q P,17

D) ,

( XY( l'l:X Y t 11) *FLMFW
XYt14):XYt12)*FLMfW

.

"$

!.
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- PIPING AND INSTRUMENT DRAWINGS FOR AUXILIARY FEEDWATER
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Part II: Evaluation to the AFN System to Standard Review
Plan Section 10.4.9 and Branch Technical
Position ASB 10-1 (ESF Pump Trains Only)

Section 1 Evaluation to the Standard Review Plan
Section 10.4.9

11.1 System components and piping have sufficient physical
separation or shielding to prot at the essential portions
of the system from the effectr if internally and exter-
nally generated missiles.

Response:

1 Byron /Braidwood system components and piping satisfy
physical separation and shielding requirements relating
to internally and externally generated missiles.

See FSAR Section:

3.5.1.1 Internally Generated Missiles (Outside
Containment)

3.4.1.4 Missiles Generated by Natural Phenomena
3.5.1.5 Missiles Generated by Events Near the Site
3.5.1.6 Aircraft Hazards
3.5.2 Systems to be Protected-

3.5.3 Barrier Design Procedure

1.2 The system satisfies the recommendations of Branch
Technical Position ASG 3-1 with respect to the effects
of pipe whip and jet impingement that may result from
high oc moderate energy piping breaks or cracks (in
this regard the AFS is considered to be a high energy
system).

Responsei
.

The Auxiliary Feedwater System is not used for normal
startup and shutdown at Byron and Braidwdod and is
therefore considered to be a moderate energy system-'

and satisfies BTP ASB 3-1. See FSAR Postulated Rupture
of Piping and FSAR Su'n.ection 10.4.9.2, Auxiliary
Feedwater System descr*ption.

1.3 The system and components satisfy design code reou're-
ments, as appropriate for the assigned quality group
and seismic classifications.

Q10.53-5
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Response

Byron /Braidwood station system and components satisfy
design code requirements for assigned quality group
and seismic classifications.

See FSAR Sections:

10.4.9.1 AFW System Design Basis
10.4.9.2 AFW System Description

1.4 The failure of non-essential equipment or components
does not affect essential functions of the system.

Response:

Non-essential systems interfacing with the Auxiliary
Feedwater System are:

1). The Condensate Storage Tank: Failure of the con-
densate storage tank or suction lines is accommo-

,
' dated by Essential Service Water Backup supply

to each Auxiliary Feedwater pump suction.
:

i

2). Station Air System: Failure of the Air System
,
~

is accommodated by failing air operated flow
control valves open on loss of air. Therefore,
failure of non-essential equipment does not affect-

the essential functions of the Auxiliary Feedwater
System..

{ l.5 The system is capable of withstanding a single active
: failure.
!

Response:

The Auxiliary Feedwater system is capable of withstand-
ing a single active failure.

See FSAR Sections:

7.2.2.2.3b Single Failure Criteria (Electrical)
,

| 10.4.9.2 AFW System Description (Mechanical)
Table 10.4-3 Failure Modes - Effects Analysis.

1.6 The system possesses diversity in motive power sources;

! such that system performance requirements may be met
i with either of the assigned power sources, e.g., a

system with an a-c subsystem and a redundant steam /d-c
subsysten.

! 010.53-6
.
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Response:

The Auxiliary Feedwater System possesses diversity
in motive power sources as stated in the FSAR.

See FSAR Sections:

10.4.9.1 AFW System Design Basis
10.4.9.2 ?.FW System Description
7.3.1.1.6 AFW System Operation
See also Section 3.0 of Part 1 of this response
and the response to Question 10.36.

1.7 The system precludes the occurrence of fluid flow
instabilities, e.g., water hammer, in system inlet
piping during normal plant operation or during upset
or accident conditions (see SRP Section 10.4.7) .
Response:

Byron /Braidwood At xiliary Feed 4ater System includes
water hammer preventation capabilities.

See FSAR Sections:

10.4.7.3 Water Hammer Prevention Features
10.4.9.3.1 Auxiliary Feedwater System General

Safety Evaluation.

1.8 Functional capability is assured by suitable protection
during abnormally high water levels (adequate flood
protection considering the probable maximum flood).

Response:
|

| The functional capabilities of systems are assured
as stated in FSAR Section 3.4; Water Level (Flood)
Design.

1.9 The capability exists to detect, collect, and control
system leakage and to isolate portions of the system
in case of excessive leakage or component malfunctions.

Response:

|
; Pump seal leakage is directed to the Auxiliary Building

Equipment Drain System. Visual periodic inspections
will provide indication of system leakage. The piping
and valving in the Auxiliary Feedwater System is suffi-
ciently diverse to allow component isolation for

|
Q10.53-7

.

,e . , , . . . . - . - - . , . _ _ _



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

|

- B/B-FSAR

malfunction and repair while still maintaining the
essential functions of the Auxiliary Feedwater System.

1.10 Provisions are made for operational testing.

Response:

Provisions are made for operational testing of Byron /
Braidwood Stations Auxiliary Feedwater as outlined
in FSAR Subsection 10.4.9.4; AFW System Inspection
rad Testing Requirements.

1.11 Instrumentation and control features are provided
to verify the system is operating in a correct mode.

Response:

Technics 1 Specifications require verification by flow
demonstration or valve position verification for proper
operating alignment. Instrumentation is available
to verify system alicament by either means from the
control room.

See F.;AR Subsection 10.4.9.5; AFW System Instrumentation
Applicition.

1.12 The system is capable of automatically initiating
auxiliary feedwater flow upon receipt of a system
actuation signal.

Response:

The Auxiliary Feedwater System is capable of automatic
initiation.

See FSAR Sections:

10.4.9.3.1 AFW System General Safety Evaluation
7.3 Engineered Safety Features Actuation

System
7.2.1.1.2.e Low-Low Steam Generator Water Level Trip.

1.13 The system satisfies the recommendatione of Regulatory
Guide 1.62 with respect to the system capability to
manually initiate protective action by the auxiliary
feedwater cystem.

RetJe7se:

The commitment to comply with the intent of Regulatory
G.'ide 1.62 is four.d in FSAR Appendix A, page A-1.62-1.

Q10.53-8
.
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1.14 The system 3esign possesses the capability to automat-
ically terminate auxiliary feedwater flow to a depres-
surize7 steam generator, and to automatically provide .

feedwater to the intact steam generator. -

Response:

The flow orifices in the Auxiliary Feedwater lines
automatically limit flow to a depressurized steam
generator and insure flow to unaffected steam generators.

See FSAR Subsection 10.4.9.3.1; AFW System General
Safety Evaluation.

1.15 The system possesses sufficient auxiliary feedwater
flow capacity so that a cold shutdown can be achieved.

Response:

FSAR Subsection 10.4.9.1, AFW System Design Basis
states a minimum of 200,000 gallons is necessary to
cooldown to Residual Heat Removal System initiation.
FSAR Chapter 16.0 Subsection 3.7.1.3 of the Technical
Specification states the Limiting Condition for Operation
for the Condensate Storage Tank. This limit is based
on a sufficient volume of water in the condensate
storage tank to meet the Design Basis Requirements
for cooldown to EHR System initiation. In addition,

| sufficient water er.lume is available from the essential
Service Water System to achieve cold shutdown.'

1.16 The applicant's proposed technical specifications
are such as to assure the continued reliability of
the AFW during plant operation, i.e., the limiting
conditions for operation and the surveillance testing

| requirements are specified and are consistent with
those for other similar plants.

Response:
!

! Byron /Braidwood Technical Specifications have been

( developed from the Standard Technical Specifications
for Westinghouse plants.

!
i

|

|
|

010.53-9
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Section 2: Branch Technical Position ASB 10-1

2.1 The auxiliary feedwater system should consist of at
least two full-capacity, independent systems that
include diverse power sources.;

Response:

Byron /Braidwood Auxiliary Feedwater System consists
of one 100% capabity emergency AC powered motor driven
pump and one 100% capacity diesel driven pump (capable
of supplying water independent of AC power availability).

See FSAR Sections:

10.4.9.1 AFW Systen ucqign Basis
10.4.9.2 AFW System Description
10.4.9.3 AFU System Safety Eva!Jation

2.2 Other powered components of the auxiliary feedwater
system should also use ti: concept of separate and
multiple sources of motive energy. An example of

1 the required diversity would be two separate auxiliary
feedwater trains, each capable of removing the afterheat
load of the reactor system, having one separate train
powered from either of two a-c sources and the other
train wholly powered by steam and d-c electric power.

Response:

Motor operated valves in each auxiliary feedwater
train employ diversity in power supplies. All operated
valves employ the same diversity of supplies. This
diversity is covered in FSAR Section 10.4.a.3, AFN
System Safety Evaluation. In addition, Chapter 8.0
of the FSAR specifically addresses electrical power
from all aspects applicable to train separation and
diversity of power. All motor operated and air operated
valves are normally open with the exception of essential
service water suction valves whion are normally closed.

2.3 The piping arrangement, both intake and discharge,
for each. train should be designed to permit the pumps
to supply feedwater to any combination of steam gener-
ators. This arrangement should take into account
pipe failure, active component failure, power supply
failure, or control system failure that could prevent
system function. One arrangement that would be accept-
able is crossover piping containing valves that can
be operated by remote manual control from the control
room, using the power diversity pcinciple for the
valve operators and actuation systems.

,

010.53-10
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Response:

A common haader in the suction to the AFN pumps exists
where the supply lines from the condensate storage
tank combine. The line then splits to supply suction
to th- individual AMi pumps. A common header exists,

where the auxiliary feedwater enters the steam generator.
This is down stream of the flow control valves on
the discharge of the pumps. See FSAR Figure 10.4-2.
Any of the AFW pumps can be aligned to supply any
of the steam generators by operating motor operatid

,

valves from the control room.

2.4 The auxiliary feedwater system should be designed
with suitable redundance to offset the consequences
of any single active component failure; however, each
train need not contain redundant active components.

Response:

See response to Item 5 of the previous section.

2.5 When considering a high energy line break, the system
should be so arranged as to assure the capability
to supply necessary emergency feedwater to the steam
generators, despite the postulated rupture of any
high energy section of the system, assuming a concurrent
single active failure ~.

Response:

See response to Item 2 of the prerioos section.

|
.

L

l

i

,

|
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Part III: Evaluation of the AFW System to the Generic
Short Term and Long Term Requirements
(ESF Pc7p Trains Only)

Section 1: Response to Short-Term Recommendations

1.$ NRC Recommendation GS-1

The licensee should propose modificnitons to the Tech-
nical Specifications to limit the time that one AFN
system pump and its associated flow train and essential
instrumentation can be inoperable. The outage time
limit and subsequent action time should be as required
in current Standard Technical Specifications; i.e.,
72 hours and 12 hours, respectively.

Response
:

Commonwealth Edison has determincd that the recom-
mended technical specification is not necessary.

The Byron /Braidwood Auxiliary Feedwater System con-
sists of two 100% pump trains. The design basis
of this system as discussed in Subsection 10.4.9.1
of the FSAR and as analyzed in Section 15.0, Loss
of Normal Feedwater indicates the adequacy of
this system. Either train is sufficient to supply
the required flow.

Subsection 3.7.1.2 of the Technical Specifications
| (FSAR Chapter 16.0) cequires two pumps to be operable
! though one pump train may be inoperable up to
| 7 days. This is the same redundancy requirement
i as the rest of the safeguards pumps and is bared

on the above cited analyses.

1.2 NRC Recommendation GS-2
'

,

! The licensee should lock opca single valves or multiple
I valves in series in the APW system pump suction piping

and lock open other single valves or multiple valves
! in series that could interrupt all AFW flow. Monthly

inspections should be performed to verify-that these
valves are locked and in the open position. These
inspections should be proposed for incorporation into

~

| the surveillance requirements of the plant Technical
Specifications. See R^ commendation GL-2 for the longer'

j term resolution of thia concern.

i

Q10.53-12
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Response

The AFW pumps are supplied from the Condensate
Storage Tank via either of two separate lines,
both of which are normally aligned to supply the
AFW system.

.

One line has a manual, locked open valve and a
check valve in series. The other line has two
manual, normally open valves in series. The lines
combine downstream of these valves in the Turbine
Building and this commoc line splits to supply
the two AFW pumpc in the auxiliary building through
a manual, normally open valve and a check valve
in series in each pump supply line.

The AFW system status is monitored continuously
in the Control Room by the Engineered Safeguards
Display Monitor.

:

The Technical Specifications require monthly system
operation surveillance which automatically test
the suction lineup for the pumps. Due to the
redundant nature of the normal supply lines the
recommended Technical Specification change is
not required.

1.3 NRC Recommendation GS-3

The licensee has stated that it throttles AFW system
flow to avoid water hammer. The licensee should reexam-
ine the practice of throttling APW system flow to

l avoid water hammer.
|

The licensee should verify that the AFW system will
supply on demand sufficient initial flow to the neces-
sary steam generators to assure adequate decay heat
removal following a loss of main feedwater flow and
a reactor trip from 100% power. In cases where this

i reevaluation results in an increase in initial AFW
system flow, the licensee should provide sufficient
information to demonstrate that the requirad initial.
AFW system flow will not result in plant damage due
to water hammer.

|

|
Response

It is not necessary to throttle the AMf flow to
av . id water huamer in the feedwater lines.

|

|

Q10.53-12
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The AFW flow is directed to an upper nozzle in
the steam generator. This line is separate from
the main feedwater nozzle. The line utilizes
a tempering flow line which maintains a minimum
flow to prevent water hammer due to admission
of unheated feedwater.

1.4 NRC Recommendation GS-4

Emergency procedures for transferring .to alternate
socrces of AFW supply should be available to the plant
operators. These procedures should include criteria
to inform the operators when, and in what order, the
transfer to alternate water sources should take place.
The following cases should be covered by the procedures:

(1) The case in which the primary eater supply is
not initially available. The procedures for
this case should include any operator actions
required to protect the AFW system pumps against
self-damage bafore water flow is initiated.

(2) The case in which the primary watar supply is
being depleted. The precedure for this case
should provide for trancrer to the alternate
water sources prior to draining of the primary
water supply.

Response

The alternate seltce of AFW supply is the Essential
Service Water System which is supplied to each
pump through separste suction lines with two motor
operated valves in series in each line. These
valves open automatically upon a low pressure
at the suction of the AFW pumps in conjunction
with a low low steam generatot level signal.

.

The AFW pumps stop on a low suction pressurc signal.
They restart automatically when suction pressure
becomes available. A low suction alarm is init.'.ated
prior to the change over to warn operator prior
to automatic change over occurcing.

In addition to this automatic action, operating
procedures (normal and abnormal) outline specific
manual actions which must be taken by the operators
to ensure adequate water supply to the AFW rystem i

to address the cases listed in the NRC recommendation.

Q10.53-14
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f 1.5 NRC Recommendation GS-5

The as-built plant should be capable of providing
the required AFW flow for at least two hours Jrom
one AFW pump train, independent of any ac power source. '

If manual AFW system initiation or flow control is
required following a complete loss of ac power, emer-
gency procedures should be established for manually,

initiating and controlling the system under these
cond i t ior.s . Since the water for cooling of the lube
oil for the turbine-driven pump bearings may be depen-
dent on ac power, design or procedural changes shall
be made to eliminate this dependency as soon as practi-
cable. Until this is done, the emergency procedures
should provide for an individual to be stationed at
the turbine-driven pump in the event of the loss of
all ac power to monitor pump bearing and/or lube oil
temperatures. If necessary, this operator would operate
the turbine-driven pump in an on-off mode until ac
power is restored. Adequate lighting powered by direct
current Idc) power sources and communications at local
stations should also be provided if manual initiation
and control of thc AFW system is needed. (See Recommen-
dation GL-3 for the longer term resolution of this
concern.)

.

Response

The as-built sys. tem at Byron and Braidwood Stations
is capable of supplyiig the required AFW flow
to the steam generators for two hours i dependent
of any ac power source.

1.6 NRC Recommendation GS-62

The licensee should confirm flow path availability
of an AFW system flow train that has been out of service
to perform periodic testing or <_aintenance as follows:

(1) Procedures should be implemented to require
an operator to determine that the AFW system
valves are properly aligned and a accond oper-
ator,to independently verify that .he valves are
properly aligned.

(2) The licensee should propose Technical Specifi-
cations to assure that, prior to plant startup
following an extended cold' shutdown, a flow test
would be performed to verify the normal flow
path from the primary AFW system water source
to the steam generators. The flow test should
be conducted with AFW system valves in their
normal alignment.

Q10.53-15
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R,esponse

(1) Administrative procedures are established
that address the removal of equipment from service,
the restoration of equipment to service and the
realignment of equipment to normal service.

(2) The AFW system must be demonstrated to be
operable prior to leaving Operational Mode 4,

(Hot Shutdown). This requires a surveillance
test that demonstrates flow to the steam generators.
This requirement will be made par.t of the technical
specifications.

1.7 NRC Recommendation GS-7,

The licensee should verify that the automatic start
AFW system signals and associated circuitry are safety-
grade. If this cannot be verified, the AFW system
automatic initiation system should be modified in
the short-term to meet the functions requirements
listed below. For the longer-term, the automatic
initiation signals and circuits should be upgraded
to meet safety grade requirements, as indicated in
Recommendation GL-5.

(1) The design should provide for the automatic initi-
ation of the AFW system flow.

(2) The automatic initiation signals and circuits
should be designed so that a single failure will
not result in the loss of AFW system function.

(3) Testability of the initiation signals and circuits
shall be a feature of the design.

(4) The initiation signals and circuits ;hould be
powered from the emergency buses.

(5) Manual capability to initiate the AFW system
from the centrol room should be retained and
should be implemented so that a single failure
in the manual circuits will not result in the
loss of system function.

(6) The ac motor-driven pumps and v11ves in the AFW
system should be included in the automatic actu-
ation (simultaneous and/or sequential) of the
loads to the emergency buses.

(7) The automatic initiation signals and circuits
shall be designed so that their failure will

Q10.53-16
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not result in the less of manual capability to
initiate the hPW system from the control room.

Response

The automatic-initiation signals to the AFW system
and the associated circuitry are safety-grade.

1.8 NRC Recommendation GS-8

The licensee should install a system.to automatically
initiate AFW system flow. This system need not be
safety-grade; however, in the short-term, it should
meet the criteria listed below, which are similar

i to Item 2.1.7 (a) of NUREG-0578. For the longer-term,
the automatic initiation signals an6 circuits should

,

be upgraded to meet safety-grade requirements, asi

indicated in recommendation GL-1.

(1) The design should provide for the automatic initia-
tion of the AFW system flow.

;

; (2) The automatic initiation signals and circuits
should be designed so that a single failure will
not result in the loss of AFW system function.

(3) Testability of the initiating signals and circuits
should be a feature of the design.

(4) The initiating sicnals and circuits should be
powered from the emergency buses.

(5) Manual capability to initiate the AFW system.

from the control room should be retained and
; should be implemented so that a single failure
'

in the manual circuits will not result in the
loss of system function.;

(6) The ac motor-driven pumps and valves in the AFW
system should be included in the automatic actu-.

'

ation (simultaneous and/or sequential) of the
loads to the emergency buses.

(7) The automatic initiation signals and circuits
should be designed so that their failure will
not result in the loss of manual capability to '

initiate the AFW system from the control room.
I

Response

!

The design of the AFW system meets the criteria!

listed above.
|

| Q10.53-17
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Section 2: Response to Additional Short-Term Recommendations

2.1 NRC Recommendation

The licensee should provide redundant level indication
and low level alucms in the control room for the AFW
system primary water supplye to allow the operator

i to anticipate the need to make up water or transfer'

to an alternate water supply and prevent a low pump.

suction pressure condition from occurring. The low,

level alarm setpoint should allow at least 20 minutes
for operator action, ascuming that the largest capacity
AFW pump is operatin].

Response

Each auxiliary feedwater pump suction is equipped'

with a low suction pressure alarm. The alarm
setpoint is sufficiently high to allow 20 minutes
for the operator to take action prior to the

; pressure setpoint at which automatic suction
' switchover occurs if the low pressure condition

is a result of low condensate storage tank level.
Since tile pumps are ultimately supplied by a
common headc: from the condensate storage tank,
this scheme provides a redundant indication ofi

low condensate storage tank level. Additionally,i

the condensate storage tank is equipped with
i level indication in the control room and an asso-
| ciated low level alarm.

2.2 NRC Recommendation

The licensee should p form a 72 hour en$arance test
on all AFW system pumps, if such a test or continuous
period of operation has not been accomplished to date.
Following the 72 hour pump run, the pumps should be
shutdown and cooled down and then restarted and run,
for one hour. Test acceptance criteria should include
demonstrating _that the pump ._...ain within. design;

i l'_mits with respect to bearing / bearing oil temperueures
l and vibration and that pump roon ambient conditions

(temperature, humidity) do not exceed environmental
qualification limits for safety-related eouipment
in the room.

Response

The recommended endurance test will be performed
during the preoperation/startup testing period

( and will be documented.
:

|

! Q10.53-18-
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2.3 NRC Recommendation

The licensee should implement the following requirements
as specified by Item 2.1.7.b on page A-32 of NUREG-0578:

(1) Safety-grade indication of AFW flow to each steam
generator should be provided in the control room.

(2) The AFW flow instrunient channels should be powered
from the emergency buses consistent with satisfying,

the emergency power diversity requirements for,

the AFW system set forth in Auxiliary Systems
Branch Technical Position 10-1 of the Standard
Review Plan, Section 10.4.9.

Response

The AFW flow to each steam generator is indicated<

in the control room, meets safety grade require-
ments and is powered fron. the ESF buses.

2.4 NRC Recommendation

Licensees with plants which require local manual realign-
ment of valves to conduct periodic tests on one AFW
system train and which have only one remaining AFW
train available for operation should propose Technical
Specifications to provide that a dedicated individual
who is in communication with the control room be sta-
tioned at the manual valves. Upon instruction from
the control room, this operator would re-align the
valves in the AFW system from the test mode to its
operational alignment.

Response

Local manual realignrent of valves is not necessary
to conduct periodic tests on the AFW systcm.

.

4

I
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Section 3: Response to Long-Term Pecommendations

3.1 NRC Recommendation GL-1

For plants with a manual starting AFW system,.the'

' licensee should install a system to automatically!

initiate the AFW system flow. This system and asso-
: ciated automatic in4.tiation signals chould be designed

and installed to meet safety-grade requirements.
Manual AFN system s; cit and control capability should.

be retained with manual start serving as backup to j

i automatic AFW system initistion.

Response

AFW system flow is automatically initiated..

3.2 NRC Recommendation GL-2

Licensees with plant designs in which all (primary
and alternate) uater supplies to the AFN system pass

,

: through valves in a single flow cath should install
redundant parallel flow paths (piping and valves).

Licensees with plant designs in which the primary
AFW system water supply passes through valves in a
single flow path, but the alternate AFW system water
supplies connect to the AFW system pump suction piping
downstream of the above valve (s), should install redundant

' valves parallel to the above valve (s) or provide automatic
opening of the valve (s) from_t.he alternate water supply
upon low pump suction pressure.

,

: The licensee should propose Technical Specifications
to incorporate appropriate periodic inspections to4

; verify the valve positions into the surveillance require-
ments.;

.
Response

The ESW system supply connects downstream of'

the condensate supply valves. The valves auto-
matically open on low pump suction pressure and

; low low steam generator level.-

Periodic testing of the AFW systems is required
by the Technical Specifications. This testing
includes verification of valve positions.

Q10.53-20
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3.3 NRC Recommendation GL-_3_

At least one AFW system pump and its associated flow
path and essential instrumentation should automatically
initiate AFW system flow end be capable of being operated
independently of any ac pcwor source for at least two
hours. Conversion of de power to ac power is acceptable.

,

Jesponse

The diesel driven AFW system pump, its flou path
and its essential instrumentation are capable of
being operated independently of any ac power source
for two hours.

: 3.4 NRC Recommendation GL-4

Licensees'having plants with unprotected normal AFN
system water supplies should evaluate the design of

; their AFW systems to determine if automatic protection
of the pumps is necessary following a seismic event
or a tornado. The time available before pump damage,

i the alarms and indications available to the control
room operator, and the time necessary for assessing
the problem and taking action should be considered
in determining whether operator action can be relied
on to prevent pump damage. Consideration should be
given to providing pump protection by means such as
automatic switchover of the pump suctions to the alter-
nate cafety-grade source of water, automatic pump trips
on low suction pressure, or upgrading the normal source
of water to meet seismic Category I and tornado protection
requirements.

Response

The AFW pump circuitry is designed to trip the
pumps on low suction pressure. Additionally, auto-
matic pump suction switchover and automatic starting
of the AFW pumps is provided.

3.5 NRC Recommendation GL-5
|
; The licensee should upgrade the AFW system automatic
j initiation signals and circuits to meet safety-grade
i requirements.
i

| Response ~

,
The automatic initiation signals and circuitry

! for the AFW system are safety grade.
l

Q10.53-21
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Part IV: Evaluation of the Design Bamis of the .AFW System
(ESF Pump Trains Only)

Question 1
.

a. Identify the plant transient and accident conditions
considered in establishing AFWS flow requirements, including
the following events:

1) Loss of Main Feed (LMFN)
2) LMFW 1/ loss of offsite AC power
3) LMFW 1/ loss of onsite an? offsite AC power
4) Plant cooldown
5) Turbine trip with and witnout bypass
6) Main steam is'.ation salve closure
1) Main feedline break
8) Main steamline break
9) Small break LOCA

10) Otner transient or accident conditions not listed
above.

b. Describe the plant protection acceptance criteria and
corresponding technical baces used for each initiating
event identified above. The acceptance criteria should
address plant limite auch as:

1) Maximum RCS pressure (PORV or safety valve actuation *
2) Fuel temperature or damage limits (DNB, PCT, maximum

fut? central temperature)
3) RCE cooling rate limit to avoid excessive coolant

shrinkage
4) Minimum steam generator level to assure sufficient

steam generator heat transfer surface to remove
decay heat and/or cool down the primary system.

Response to 1.a

The Auxiliary Feedwater System serves as a backup system
for supplying feedwater to the secondary side of the steam
generators at times when the feedwater system is not available,
thereby maintaining the heat sink capabilities of the steam
generator. As an Engineered Safeguards System, the Auxiliary
Feedwater System is directly relied upon to prevent core
damage and system overpressurization in the event of transients
such as a loss of normal feedwater or a secondary system
pipe rupture, and to provide a means for plant cooldown
following any plant transient.

Following a reactor trip, decay heat is dissipated by evap-
orating water in the steam generators and venting the generated
steam either to the condensers through the steam dump or
to the atmosphere through the steam generator safety valves

010.53-22,
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or the power-operated relief valves. Steam generator water
inventory must be maintained at a level sufficient to ensure
adequate heat transfer and continuation of the decev heat
removal process. The water level is maintained under these
circumstances by the Auxiliary Feeduater System which delivers
an emergency water supply to the steam generators. The
Auxiliary' Feedwater Sjatem must be capable of functioning
for extended periods, allowing time either to restore normal
feedwater flow or to proceed with an orderly cooldown of
the plant to the reactor coolant temperature where the Resider,1
Heat Removal System can assume the burden of decay heat
removal. The Auxiliary Feedwater System flow'and the emergency
water supply capacity must be sufficient to remove core decay
heat, reactor coolant pump heat, and sensible heat during
the plant cooldown. Tne Auxiliary Feedwater System can
also be used to maintain the steam generator water levels
above the tubes following a LOCA. In the latter function,
the wat?r head in the steam generators serves as a barrier
to prevent leakage of fission products from the Reactor
Coolant System into the secondary plant.

DESIGN CONDITIONS
.

The reactor plant conditions which impose safety-related
performance requirements on the design of the Auxiliary
Feedwater System are as follows for the Byron /Braidwood
units.

i - Less of Main Feedwater Transient
Loss of main feedwater with offsite power available-

Station blackout (i.e., loss of main feedwater without-

| offsite power available)

Secondary System Pipe Ruptures-

j Feedline rupture-

Steamline rupture-
i

!

| Toss of all AC Power-

Loss-of-Coolant Accident (LOCA)-

|
Cooldown|

-

i

Loss of Main Feedwater Transients

The design loss of main feedwater transients are those caused.,

[ by:

1

( - Interruptions of the Main Feedwater System flow Jue
| to a malfunction in the feedwater or condensate system.
|

| Loss of offsite power or blackout with the consequential-

c.5utdown of the system pumps, auxiliaries, and controls,

l
|

| 010.53-23-
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Loss of main feedwater transients are characterized by a
reduction in steam generator water levels which results
in a reactor trip, a turbine trip, and auxiliary feedwater
actuation by the protection system logic. Following reactor
trio from a high initial power level, the power quickly
faits to decay heat levels. The water levels continue to
decrease, progressively uncovering the steam generator tubes
as decay heat is transferred and discharged in the form
of steam either through the steam dump valves to the condenser
or through the steam generator safety or power-operated

,

relief valves to the atmosphere. The raactor coolant temper-
ature increases as the residual heat in excess of that dis-'

sipated through the steam generators is absorbed. With
increased temperature, the volume of reactor coolant expands
and begins filling the pressurizer. Without the addition4

of. sufficient auxiliary feedwater, further expansion will
result in water being discharged through the presserizer
safety and/or relief valves. If the temperature rise and
the resulting volumetric expaccion of the primary coolant
are permitted to continue, then (1) pressurizer safety valve,

! capacities may be exceeded causing overpressurization of
the R7 actor Coolant System, and/or (2) the continuing loss
of fluid from the primary coolant system may result in bulk
boiling in the Reactor Coolant System and eventually in
core uncovering, loss of natural circulation, and core damage.
If such a situation were ever to occur, the Emergency Core
Cooling System would be ineffectual because the primary
coolant system pressure exceeds the shuto*f head of the |

safety injection pumps, the nitrogen overpressure in the
accumlator tanks and the design pressure of the Residua'
Geet Removal Loop. Hence, the timely introduction of sufficient
auxiliary feedwater is necessary to arrest the 6ecrease
in the steam generator water levels, to reverse the rise
in reactor coolant temperature, to prevent the pressurizer
from filling to a water solid condition, and eventually
to establish stable hot standby conditions. Subsequently,
a decision may be made to proceed with plant cooldown if
the problem cannot be satisfactorily corrected.

The blackout transient differs from a simple loss of main
feddwater in that emergency power sources must be relied

4

'

upon to operate vital equipment. The loss of power to the
electric driven condenser circulating water pumps resultsi

in a loss of condenser vacuum and condenser dump valves.
Hence, steam formed by decay heat is relieved through the
steam generator safety valves or the power-operated relief
valves. The calculated transient is siallar for both the
loss of main feedwater and the clackout, except that reactor
coolant pump heat input is not a consideration in the blackout
transient following loss of power to the reactor coolant,

i pump bus.

Q10.53-24
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'the statio7 blackout transient serves as the basis for the
minimum f]ow required for the cmallest capacity single aux-
iliary fEedwater pump for the Byron /Braidwood units. The
pump is sized so that it will provide sufficient flow against
the steam generator safety valve set pressure (with 3% accumu-
lation) to prevent water relief from the pressurizer. TRe
same criterion is met for the loss of feedwater transient.
where ac power is available.

Secondary System Pipe Ruptures

The feedwater Line rupture accident not only results in
the loss of feedwater flow to the steam generators but also
results in the complete blowdown of one steam generator
within a ehort time if the rupture should occur downstream
of the last non-return valve in the main or auxiliary feed-
water piping to an individual steam generator. Another
significant result of a feedline rupture may be the spilling
of auxiliary feedwater to the faulted steam generator.
Such situations can result in the injection of a dispropor-
tionately large fraction of the total auxil'ary feedwater
flow (the system preferentially pumps water to he lowest
pressure region) to the faulted loop rather than to the
ef fective steam generators which are at relatively high
pressure. The system design must allow for terminating,
limiting, or minimizing that fraction of auxiliary feedwater
flow w-hich is delivered to a faulted loop or spilled through
a break in order to ensure that sufficient flow will be
delivered to the remaining effective steam generator (s).
The concerns are similar for the main feedwater line rupture
as those explained for the loss of main feedt:ater transients.

Main steamline rupture accident conditions are characterized
initially by plant cooldown and, for breaks inside containment,
by increasing containment pressure and temperature. Auxiliary

| feedwater il not needed during the early phase of the transient
; but flow to the faulted loop will contribute to an excessive
j release of mass and energy to containment. Thus, steam?ine

rupture conditions establish the upper limit on auxiliary
feedwater flow delivered to a faulted loop. Eventually,
however, the Reactor Coolant System will beat up again and
auxiliary feedwater flow will be required to be delivered
to the non-faulted loops, but at somewhat lower rates than
for the loss of feedvater transients described'previously.
Provisions must be made in the design of the Auxiliary Feedwater;

!

System to limit, control, or terminate the auxiliary feedwater
flow to the :aulted loop as necessary in ord . to prevent
containment overpressurization following a steamline break
inside containment, and to ensure the minimum flow to the
remaining unfaulted loops.

:
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Loss of All AC Powee

The loss of all ac power is postulated as resulting from
accident conditions wherein not only onsite and offsite
ac power is lost but also a; emergency power is inst as
an assumed common mode failur.. Battery power for operation
of protection circuits is at amed available. The impact
on tia Auxiliary Feedwater System is the necessity for pro-
viding both an auxiliary feedwater pump power and control
source which are not dependent on ac power and which are
capable of maintaining the plant at hot shutdown until ac.

power is restored.

Loss-of-Coolant Accident (LOCA)

The loss-of-coolant accidents do not impose on the auxiliary
feedwater system any flow requicements in addition to those
rejuired by the other accidents. addressed in this response.
Tne following description of the small LOCA is provided
here for the sake of completeness to explain the role of
the auxiliary feedwater system in this transient.

Small LOCA's are characterized by relatively slow rates
of decrease in reacter coolant system pressare and liquid;.
volume. The principal contribution from the Auxiliary Feed-
water System following such small LOCAs is basically the

,

'

same as the system's function during hot shdtdown or following
spurious safety injection signal which trips the reactor.,

Maintaining a water level inventory in the secondary side
of the steam generators provides a heat sink for removing
decay heat and establishes the capability for providing

| a buoyancy head for natural circulation. The auxiliary
feedwater system may Se utilized to assist in a systF7 cool-'

| down and depressurization following a small LOCA while bringing
the reactor to a cold shutdown condition.

| Cooldown .

,

The cooldown function performed by the f.uxiliary Feedwater
System is a partial one since the reactor coolant system
is reduced from normal zero load temperatures to a hot leg
temperature of approximately 350* F. The latter is the
maximum temperature recommended for placing the Residual

| Heat Removal System (RHRG) into service. The RHR system
; completes the cooldown to cold shutdown conditions.

Cooldown may be required following expected transients,
following an accident such as a main feedline break, or,

during a normal cooldown prior to refueling or performing
'

reactor plant maintenance. If the reactor is tripped following
extended operation at rated power level, the AFWS is capable

" '

Q10.53-26
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of delivering sufficient AFW to remove decay heat and reactor
coolant pump (RCP) heat following reactor trip while main-
taining the steam o*2erator (SG) water level. FollcWing
transients or acci ats, the recommended cooldown rate is
consistent with ex,3cted needs and at the same time does
not impose additional requirements on the capacities of
the auxiliary foedwater pumps, considering a single failure.
In any event, . process consists of being able to dissipate'

plant sensibis neat in addition to the decay heat produced
by t:e reactor core.

Response to 1.b

Table 010.53-1 summarizes the criteria which are the general
design bases for each event, discussed in the response to
Question 1.a, above. Specific assumptions used in the analyses
to verify that the design bases are met are discussed in
response to Question 2.

The primary function of the Auxiliary reedwater System is
to provide sufficient heat removal capability following
reactor trip and to remove the decay heat generated by *'.e
core and prevent system overpressurization. Other plant
protection systems are designed to meat short term or pre-
trip fuel failure criteria. The effects of excessive coolant
shrinkage are evaluated by the analysis.of the rupture of
a main steam pipe transient. The mar,imum flow requirements
determined by other bases are incorporated into this analysis,
resulting in no additional flow requirements.

.

.

|
|

r

i
!
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Question 2
i Describe the analyses and assumptions and corresponding'

technical justification used with plant condition considered
;
' in 1.a above including:

.

a. Maximum reactor power (including instrument error allowance)
at the time of the initiating transient or accident.

b. Time delay from initiating event to reactor trip.

c. Plant parameterfs' which initiates AFWS flow and time
delay between initiating event and introduction of
AFWS flow into steam generator (s).

d. Minimum steam generator water level when initiating
event occurt.

Initial steam generator water inventory and depletione.
rate before and after AFWS flow commences -- identify

; reactor decay heat rate used.

f. Maximum pressure e t which steam is released f rom steam
generator (s) and against which 'e AFW pump must develop
sufficient head.

g. Minimum number of steam generators that must receive
AFW flow; e.g., I out of 2? 2 out of 4?

h. RC flow condition -- continued operation of RC pu.nps
or natural circulation.

i. Maximum AFW inlet temperature,

j. Following a postulated steam or feedline uJea, . . .ne

delay assumed to isolate break and direct A'JW flow to
intact steam generator (s). AFW pump flow capacity allowance
to accommodate the time delay and maintain minimum steam
generator wnter level. Also identify credit taken for
primary system heat removal due to blowdown.

k. Volume and maximum temperature of water in main feed-
lines between steam generator (s) and AFWS connection
to main feedline.

1. Operating condition of steam generator normal blowdown
following initiating event.

Primary and secondaty system water and netal sensiblem.
heat used for cooldown and AFW flow sizing.

<

'Q10.53-28
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n. Time at hot standby and time to cooldown RCS to RHR
system cut in temperature to size AFW water source inventory.

1
Response to 2

Analyses have.been perfc cad for the limiting transients
which define the APWS perfos?ance requirements. These analyses
have been prtsided for review in the Applicant's FSAR.
Specifically, they include:

.

Loss of Main Feedwater (Station Blackoot)i -

Rupture of a Main Feedwater Pipe-

Rupture of a Main Steam Pipe Inside Containment-

In addition to the above analyses, calculations have been
performed specifically for the Byron /BraiCwood units to
determine the plant coot.down flow (storage capacity) require-
ments. The Loss of All AC Power is evaluated via a comparison
to the transient results of Blackout, assuming an available
auxiliary pump having a diverse (non-AC) power supply.
The LOCA analysis, as discussed in response 1.b, incorporates
the systems flow requirements as defined by other transients,
and therefore is not performed for the purpose of specifying
AFWS flow requirements. Each of the analyses listed above
are explained in further detail in the following sections
of this response.

Loss of Main Feedwater (Blackoutj

A loss of feedwater, assuming a loss of power to the reactor
coolant pumps, was performed in FSAR Subsection 15.2.7 for
the purpose of showing that for a station blackout transient
the peak RCS pressure remains below the criterion for Con-
dition II transients and no fuel failuces occur (refer to
Table Q10.53-1). Table Q10.53-2 summarizes the assumptions
used in this analysis. The analysis assumes that the plant
is initially operating at 102% (calorimetric error) of the
Engineered Safeguards design (ESD) rating shown on the table,
a very conservative assumption in defining decay heat and
stored energy in the RCS. The reactor is assumed to be
tripped on ick-low steam generator water level, allowing
for level uncertainty. The FSAR shoes that there is a con-
siderable margin with respect to fil] .g the pressurizer.

This analysis establishes the capacity of the smallest single
pump and also establishes train association of equipment
so that this analysis remains valid assumieg the most limiting
single failure.

Q10.53-29,
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Rupture of Main Feedwater Pipe

The double ended rupture of a main feedwater pipe downstream
of the main feedwater line check valve is analyzed in FSAR,
Subsection 15.2.8. Table 910.53-2 summarizes the assumptions
used in this analysis. Reactor trip is assumed to occur
when the faulte6 steam generator is at the low-low level
setpoint (adjus ted for errors) . This conservative assumption
maximizes the stored heat prior to reactor trip and minimizes
the ability of the steam generator to remove heat from the
RCS following reactor trip due to a ca.nservatively small |

total steam generator inventory. As in the loss of normal
feedwater analysis, the initial power rating was assumed
to' be 1021 of the ESD rating. Total auxiliary feedwater
flow of 459 gpm was assumed to be delivered to the three
non-faulted steam generators 1 minute after reactor trip.
No operator action is assumed until an alternate source
of water supply for the auxiliary feedwater supply is needed.
The criteria listed in Table Q10.53-1 are met.

This analysis establishes the capacity of single pumps,
establishes requirements for layout to preclude indefinite
loss of auxiliary feedwater to the postulated break, and
establishes train association requirements for equipment
so that the AFWS can deliver the ninimum flow required in
1 minute assumine the worst single failure.

Rupture of a Main Steam Pipe Inside Containment

Because the steamline break transient is a cooldown, the
AFWS is not needed to remove heat in the short term. Fur-
thermore, addition of excessive auxiliary feedwater to the
faulted steam generator will affect the peak containment
pressure following a steamline break inside containment.
This transient is performed at four power levels for several
break sizes. Auxiliary feedwater is assumed to be initiated
at the time of the break, independent of system at."uation
signals. The maximum flow is used for this analysis. Table
Q10.53-2 summarizes the assumptions used in this analysis.

. At 10 minutes after the break, it is assumed that the operator

| has isolated the AFWS from the faulted steam generator which
subsequently blows down to ambient pressure. The criteria
stated in Table Q10.53-1 are mer.

| This transient establishes the maximum allowable auxiliary
j feedwater flow ra?e to a single faulted steam generator

assuming all pumps operating, establishes the basis for'

runout protection, if needed, and establishes layout require-
ments so that the flow requirements may be met considering
the worst single failure.

,

010.53-30
.
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Plant Cooldown -

| Maximum and minimum flow requirements from the previously
"

discussed transients meet the flow requirements of plant
cooldown. This operation, however, defines the basis for
tankage size, based on the required cooldown duration, maximum
decay heat inpn and maximum stc;ed heat in the systen.m

As previously aitcussed in response 1.a., the auxiliary
feedsater system partially cools the system to the point
where the RHRS may completa the cooldown. i.e., 350' F in
the RCS. Table Q10.53-2 shows the assumptions used to determine
the cooldown heat capacity of the auxiliary feedwater system.

The cooldown is assumed to commence at the maximum ESD power,
and maximum trip delays and decay heat source term? are
assumed when the reactor is tripped. Primary metal, primary
water, sec^ndary system metal and secondary system water
are all included in the stored heat to be removed by the
AFWS. See Table Q10.53--3 for the items constituting the
sensible heat stored in the NSSS.

This operation is analyzed to establish minimua tank size
requirements for auxiliary feedwater fluid scarce which
are normally aligned.

,

t

Q10.53-31
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Que_stion 3

Verify that tr,e AFW pumps in your plant will supply the
.necessary-flow to the steam generator (s) as determined by
items 1 and 2 above considering a single failure. Identify
the margin in sizing the pump flow to allow for pump recircu-
lation flow, seal leakage ar.J pump wear.

Respense 3

See h'able 010.53-4.
'

.

.

Q10. 53-3 2

.
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TABLE Q10.53-1

CRITERIA FOR AUXILIARY FEEDWATER SYSTEM DESIGN BASIS CONDITIONS

CONDITION
OR ADDITIONAL DEBIGN

TRANSIENT CLASSIFICAITON* CRITERIA CRITERIA

Loss of Main Condition II Peak RCS pressure not to
F7edwater exceed design pressure-

i 10%. No consequential
fuel failrues

Station Condition II (same as LMFW) Pressurizer does not
Blackout fill 1 single motor

driven auxiliary feed
pump feeding 2 SGs.

o w
H Feedline Condition IV 10 CFR 100 dose limits. Core does not uncover N

Rupture Containment design Y.

$ pressure not exceeded $
i >

l U Loss of all N/A Note 1 Same as blackout
; A/C Power

Steamline Condition IV Containment design pressure
Rupture not exceeded

i 100 CFR 100 dose limits.

Loss-of- Condition III 10 CFR 100 dose l'mits;
Coolant 10 CFR 50 PCT limits

Co'ndition IV 10 CPR 100 dose limits
10 CFR 50 PCT limits

Cooldown N/A 100'F/hr
557' F to 350' F

i *Ref: ANSI N18.2 (This information provided for those transients performed in the FSAR.)

Note 1 Although this transient establishes the basis for AFW pump powered by a diverse
power source, this is not evaluated relative to typical criteria since aultiple
failures must be assumed to postulate this transient.
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StiMMAttY OF ASStlHPTIONS USI:0 IN At*vS DESIGN VHitIFICATION ANALYSRS
*

Lor.n of Fecstwater Main Steam 1tne Dresh-

Transient (ntation blackoug Cooldown Main Peedline Dreak (contalnment)
. .

a. Pta s reactor power 102% of ESO rating 3651 HWt 102% of ESD rating 0, 30, 70, 102% of rated
*

(102% of 3579 MWt) (102% of 3579 HWt) (percent of 3425 flut)-

,

^

b. Tiine delay from 29.3 2 see 19 Variable .

event to rod-motion
*

c. AtwS actuation sig- 10-10 SG 1evel/ N/A low-low SG 1evelf Assumed immediately
n.il/ time delay for 1 minute 1 minute il 0 sec (no delay),

Atus flow

d. SG water level at low-low SG 1evel/ N/A (low-low SG 1evel) N/A
tic.e of reactor trip 37.3% nit span 37.3% Nrt span

s. Initial SG inventory 59,400 lbm* 65,074 Abm 49,500 lbm* Consistknt with power,

99,000 lbm/SG at 543.30F 00,030 lbm faulted
intact
70,570 lbm

.

' ''
* nate of change before See FSArt N/A Turnaround at 4200 sec N/A9

-
,

L after ArWS actue,- Figure 15.2-10 see attached Figure
(r) tion and attached Figure 10.53.2-2
9 10.53.2-1

.

,,

h Decay heat ANS + 20% N/A ANS + 20% ANS + 204
'

-c
4. At a pump design 1236 psia 1226 psia 1236 N/A

presrure . ,

9 tiinimum I of SGs 3 of 4 N/A 3 of 4 N/A
w).ich must receive
m a flow

h. FC pump status Tripped at reactor Tripped All operating All operating
trip .

1. Manimum AFW 950P 1000F 950F 4400F
' *

t e tr.pera tur e

j. (.perator action nono N/A Note 2 10 minutes *
,

3k. M u purge volume / 100'ft /4430F 150 f*3/ 3 3100 ft /4430r 800 f t / loop (for
S/G and temperature 4400r dryout time)

*
, .

.

* e

e

e - e
,

ef
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TAuLE 010.53-2 (conti nued) ,

,

*

SUMMARY OF ASST!M_PTIONS USCO IN AFWS DESIGN VERIFICATION ANALY!".S
,

*
*

Main Jteamline Break* Loss of reedwates ,

Transient gtation bl ackou t) Cooldown Main Feedline Dreak (containment)

1. Normal blowdown none assumed none assumed none assumed none asrumed *
.

A. Sensitale heat ,see cooldown Table 2-2 see cooldown N/A .

n. Timo at standby / time 2 hr/4 hrs i 2 hr/4 hrs 2 hr/4 hrs N/A
*

-

.

c. AFW 110w rate 750 gpm - constant variable 459 gpia - constant 79 4 gpn (constant) to
broken SG.(min. requirement)

.

. .

- , .,
.

*

..

. ...

s. to

O g-

6 '
,

e

, V) .

> . *
*

(d
'G

.

-+-
*

.
.

1

i

! .
i
.

..

assumed when alt. source of water is required for aux. feed. *

Note sf.,
'

* *

Low-low level mass adjusted for uncertaintico. .*

t
.

. .

'
.

..

> 817 h 1 -
.

.

.

a
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TABLE Q10.53-3

SUMMARY OF SENSIBLE HEAT-SOURCES
i

Primary Water Sources ' initially at ESD power temperature
and inventory)

'

RCS fluid
Pressurizer fluid (liquid and vapor)

Primary Metal Sources (initially at ESD power temperature 1

Reactor coolant piping, pumps and reactor vessel
Pressurizer '

Steam generator tube metal and tube sheet
Steam generator metal below tube sheet
Reactor vessel internals

Secondary Water Sources (initially at ESD power temperature
and inventory)

Steam generator fluid (liquid and vapor:
Main feedwater purge fluid between steam generator
and AFWS piping

Secondary Metal Source (initially at ESD power temperature)

A31 steam generator above tube sheet, excluding
tubes.

.

o

Q10.53-36,
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TABLE Q10.53-4

AUXILIARY FEEDWATER FLOW TO STEAM GFNERATORS

FOLLOUING AN ACCIDENT / TRANSIENT WITH
,

IISELECTED SINGLE FAILURE - GPM

ACCIDENT / TRANSIENT D1ESEL MD PUMP
FUMP FAILURE FAILURE FAILURE

1. Loss of Main FW 160 gpm 160 gpm

5 2. Feedline Rupture 160 160

3. Blackout 214 314

4. Cooldown - -

5. Main Steamline Rupture (min) 165 165
t

6. Main Steamline Rupture (max) 380 380

;

~~

Notes:-

(1) Items 1 through 5 are minimum expected flows to intact'
loops; item 6 is maximum possible flow to the. faulted
loop. With the maximum flow to the faulted steam generator,'

650 gpm is available to be delivered to the intact
steam generators. This exceeds the requirement of 160
gpm to two of-the three remaining steam generators by
a sufficient amount to allow full recirculation of the
pump during the transient,

i

010.53-3'i
.
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QUESPION 040.14

"Pote_ntial Problem with Containment Electrical Penetration
Assemblies

:

"Recent operatirg experience at Millstone Unit No. 2
'

has shown that tne deterioration of the epoxy insulation
I between splices has caused electrical shorts between

conductors within a containment electrical penetration
assembly. Indicate what tests and/or analysis that
have been performed to demonstrate the acceptability
of the design in this regard. Provide'whatever inforration
is required to perform an independent evaluation of thisi

aspect of the alectrical penetration design."

l
;

RESPONSE

It should be noted that the Byron /Braidwood Unit 1 electrical
penetrations are being procured fr7m Conax Corporation,
whereas the Byron /Braidwood Unit 2 electrical penetrttions
are being procured f rom Bunker Ramo ( Amphenol SAMS) .

'

l. Conax Corooration Penetration Assemblies

Conax does not utilize an epoxy insulation system in
the design or manufccture of its containment electrical

; penetration assemblies.
;

The Conax penetration design utilizea solid copper con-
ductors which pass through the assembly without any
internal splices. The conductors are continuously insulated
with a polyimide (Kapton) film and mechanically sealed
at both ends of the stainless steel tube (module) using.

| thermoplastic (polysulfone) sealants. The modules are
then mechanically sealed within the penetration's headeri

plate.

The peactration is designed with the provision of period-
-ically monitoring the condition of all seals by internally
pressurizing the assembly with nitrogen gas. Conax
does not require the penetration assembly to be continuously,

j pressurized during operation since the nitrogen gas
i does not contribute to tne function of the penetration.
'

Conax has performed extensive testing per IEEE-317 on
similarly designed penetration assemblies (with and
without nitrogen pressure) with satisfactory results.

Therefore, the Conax penetration design is not susceptible
to the failure experienced at Millstone Unit 2.

Q40,14-1
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2. Bunker Ramo (Amphenol SAMS) Penetration Ass *mblies

The Bunker Ramo penetration assemblies are similar to s

those at Millstone Unit 2 in that they depend upon ar

glass epoxy sealant and a dry nitrogen pressure environ-
ment to ensur e adequate functioning Of electrical safety-
related equipment and containment leantightness. The

' penetration model (type) is identified by the manufacturer
a Unitized Header Assembly. The penetration module-a3

' conductors (transition connector pins) embedded in the
epoxy do not have an insulation jacket. The glasa epoxysealing material provides pin-to-pin insulation.

'

The manufacturer, however, has provided instructions
so that the required dry nitrogen pressure will be main-<

tained at all times during shipping, storage and instal-
lation of the electrical penetrations. This will prevent
moisture fron accumulating in the seals and the specified
insulation resistance between adjacent conductors willi

be maintained to assure adequate functioning of electrical
safety-related equipment.

Therefore, the Bunker Ramo penetration design is also
acceptable in this regard.

,

;

.

|

.

Q40.14-2
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QUESTION 040.143

"ig, explained in issue IM. 1 of NUREG of 0138, credit
is taken for all valves downstream of the Main Steam

; Isolation Valve (MSIV) to limit blowdown of a second
j steam generator in the event of a steam line break up-

stream of the MSIV. In order to confirm satisfactory ~

performance following such a steam line break provide
a tabulation and descriptive text (as appropriate) in
the FSAR of all flow paths that branch off the main
steam lines between the MISV's and the tr.t.iine stop

*

ialves. For each flow path originating c; the main
steam lines, provide the follocing information:

a) System identification

b) Maximum steam flow in pounds per hour
.

c) Type of shut-of f valve (s)

d) Size of valve (s)

e) Quality Of the valve (s)
i

f) Design code of the valve (s)

g) Closure time of ti.e valve (s)
,

h) Actuation mechanism of the valve (s) (i.e.,
Solenoid operated, motor operated, air operated
diagram valve, etc.)

i) Motive or power source for the valve actuating
' mechanism.

.

"In the event of the postulated accident, termination
of steam flow from all systems identified above, except
those that can be used for mitigation of the accident,
is required to bring the reactor to a safe cold shutdown.
For these sys; oms describe what design features have
been incorporated to assure closure of the steam shut-off;

' valve (s) . Describe what operator actions (if any) are
required.

! "If the systems that can be used for mitigation of the
accident are not available or decision is made to use
other means to shut down the reactor describe how these
systems are secured to assure positive steam shut-off.

|
Describe what operator actions (if any) are required.

"If any of the requested information is presently included
in the FSAR text, provide only the references where the
information may be found."

!

| *

j 040.143-1
.

!
!
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RESPONSE

The analysis of a main stesmline break is orasented in Subsection
15.1.5. The detailed description of main steamline isolation
is in Chapter 10. Three lines branch off the main steam
lines between the MSIV's and the turbine valves (ref. Figure
10.3-1).

A four inch line supplies approximately 16,000 lb/hr of
stean to the gland steam system. A four inch motor-operated
gate valve (GS001) is used for isolation. The valve is
rated at 900 lbs. and is designed in accordance with ASTM
Etandards.

This valve does not automatically close on a turbine trip '

but must be closed by the operator, if necessary.
.

A 28 inch line branches off each main steam Icader for the.

steam dump system and extraction to the second stage of
the reisture separator reheater. The two 12 inch branch
lines supply approximately 790,000 lb/hr. to the moisture
sepa :ator reheater. Two 10 inch motor-cperated gate valves
(MS009A/B/C/D) on each moisture separator are used for isolation.
The valves are rated at 900 lbs. and are designed per ASTM
standards. The valves must be closed by the operator.

All of the valves arc Category II, Quality Group D.

.

040.143-2
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QUESTION 130.20

"With reference to your response to Question 130.8 relate
the criteria used to ensure the adequate number of masses
or degrees of freedom against those contained in the
SRP, Section 3.7.2-II.l.a.(4). In your response quanti-
tatively compare the two criteria and assess conservatism
of the FSAR design." '.

RESPONSE

An adequate number of masses and degrees of freedom were
considered in the dynamic modeling to determine the response
of Category I and cpplicable non-Category I structures.
The criteria used, as described in Question 130.8, is in
compliaf;0e wi th SRP Section 3. 7. 2-II. l.a. (4) .

Containment
I

The dynamic characteristics far the containment structure
stick model indicate the number of dynamic degre s of freedom
meet the guidelines set forth in the SRP Section 3.7.2-II,1.a. (4) .
In the horizontal model, there are four modes with frequencies
less than 33 cps and 26 dynamic degrees of freedom. In
the vertical model, there is one mode with a frequency less
than 33 cps and 13 dyncmic degrees of freedom.

Shear Structure System

The mass point lccations for the shear structure system
type models are described in Subsection 3.7.2.3.3. The'

behavior of a shear structure eliminates certain degrees
( of freedom. Due to the predominance of shear deformation

expected for horizontal excitation of a structure with shear
walls connected to rigid concrete slabs, vertical translation
and rotations about horizontal axes wi''. be negligible.
Similarly for the vertical model, only vertical translation
is expected to exist for vertical excitation.

Additional degrees of freedom will not significantly affect
the response of the shear structure. Additional mass joints
located at midstory, for instance, for the sole purposes
of obtaining more degrees of freedom will not affect the
response because the mass of the shear wall is much less
than the mass which would be lumped at the slab.

;

Q130.20-1
.
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OUESTION 130.23

" Provide details such as connections and/or other
protective measures to secure that the siding on
turbine building will be blown off at the specified
pressure of 105. psf. AJeo, describe the provisions
to. prevent that the blown off siding or other parts<

of the building become tornado generated missiles."

RESPONSE

Turbine cuilding siding is composed of double span blow-in/
blou-out panels consisting of face and liner sheets inter-
connected by subgirts. There are no fasteners used at the
lap joints between the adjoining face sheets to permit
blow-in or blow-out (see Figure 0130.23-1).

The liner sheet is fastened to the girt at center support
with screws penetrating the subgirt. At panel end supports
a 3-inch wide 12 gauge plate clamps dcwn both liner ends.
No screws penetrate liner sheet (see Figure Q*30.23-2).

The siding failure mechanism, as described below, is shown
in Figures Q130.23-3 and 0130.23-4.

Under wind pressure, because of large displacerent, the
i liner ends slip out of ti.e clamping plate and start to

wrap cround the center support or bend away from outside
supports for inward or outward pressures, respectively.
After the siding panel buckles, it remains anchored to the
center support, bent either outward or inward about the
center support.

,

Data provided by the siding manufacturer indicates that
failure of the siding will take place at pressures con-
siderably lower than the specified pressure of 105 psf.

Girts, sag rods, doors, and windows are also permitted to
fail. These items represent sources of potential tornado
generated missiles, however, their effect on Catecorv I
structures will be less severe than the missiles defined
in Subsection 3.5.1.4, for which Category I structures
have been designed.

|

0130.23-1; ,
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QUESTION 130.25
i

"In FSAR Section 3.5.3 you indicated that the overall
response of barriers to impactive and impulsive loads ,

is based on FSAR Reference 7, ' Design of Missile Restraint
i Concrete-Panels,' by J. M. Doyle, M. J.. Klein and II. ' hah.,

i The. method described in Reference'7 has not been reviewed
and accepted by the Regulatorv Staff. The method whichi

is acceptable to-the staff are specified in the SRP,
i- Section 3.5.3. In order to ascertain that the method

of design is sufficiently conservative and acceptable
to the staff, you are requested to provide a comparison

~

I with the methods described in'the SRP Section 3.5.3,

{ by means of a design example or otherwise, tx) demonstrate
conservativeness of the method selected for design of '

bar*iers."
,

;

i
"

RESPONSE
4

In Reference 7 of the FSAR, the maximum displacement, Ym'
of a structural element under the impact of a rigid missile

.

d of mass m is given by:

!( f) ) i(D' +Y =
m

] where

equivalent mass of structural elementM =

penetration of missile,into structurej D' =

C, = missile velocity prior to impact
circular frequency of structural elementW =

The method specified in SRPJSection 3.5.3 for treating this
problem is given in Reference 1 cited at the end of this.

response.

I Reference 1 specifies the equivalent static design inad,
F, as:

F
i

F = g- (2)
4

: v2o
i Fg=m D' *

D'g= (4)t

1

!

0130.25-1,
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K = J2u-l T 1
0.S

(5)u

1 rt y ,0.7Ty
! t1

where
,

, Fi = peak value of impact force developing between missile i

and target

y = duration of impactr

$1T =

= ductility ratio = Ym-#

y

= static yield deflection, when element is idealizeda
Y by an SDF dynamic system

It should be noted that in Equation (3a) above, the work
of the missile on the target during the penetration process
has not been evaluated consistently with the linear variation
of contact force and velocity with time, which is the starting
point of derivation in reference 1.

From the above assumptions, it follows that'

(1-f-)F=F y

(1 - f-)V=V g

fty
(1 - f-) dt = h F V tImpact Work = j igFV.

f0 y
o

t

From Equation (4) Vt1 = 2D'g

ImpactWork=fFD' (6)y

2Kinetic Energy of Missile = 1/2 m V
g {q)

From Equations (6) & (7)

2 F D' =1 2
i mV (8)3 2 o

Q130,25-2
.
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When the evaluation is done consistently with > base assumptions,
Equation ( ?.a) changes to Equation (3) by Equation (8).

2V

i= m (3)F
D

The following examples are based on the use of Equation (3)
To compare these two methods, a square reinforced concrete
panci 26 ft long and 1.5 ft thick, with reinforcement
detiils and material properties as summarized in Figure
Q13C.25-1 was considered. The results obtained by the two
metho6s for the response of this panel to the impact of
a rigid mass of the center are summarized below. The missile

! corresponds to the utility. pole described in Table 3.5-3
of the FSAR, with

V = 241 ft/secg

2
1490 lb sec* ,

32.2 ft

2head-on contact area = 143.10 in
3

For this missile, the modified Petry formula with K 0.0032=
g

3 3,976ft /lb* yields a missile penetration depth of D' '=

inches. The panel is approximated as a Single Degree of
Freedom System for response evaluation, with a mass of

M = 0.32 (Panel weialit)

where g = acceleration of gravity.

The period of the system is determined on the basis of a
cracked section moment of inertia to be 0.0961 second.
The yield force Q and the corresponding panel deflection

Yare 358.5 kips and 0.680 inches, respectively. Thesea
v51ues are based on replacement of the panel by an equivalent
beam.**'

.

,

*K as a function of concrete strength is obtained from
tee curve in Reference 2.

,

**The method for replacing the panel by an equivalent beam
is described in Reference 7 of the FSAR.

0130.25-3
.
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The maximum displacement for Method 1, as outlined in FSAR
Subsection 3.5.3, is obtained directly f rom Equation (1) -

.[Ymax) method 1
To obtain the maximum displacement for Method 2 of SRP 3.5.3,
trial and error procedure is used for Equations (2) through
(5) to obtain the ductility parameter 9. This value is

[43 method 2 = 1.65

Therefore,

[Ymax3 method 2 = 1.65 x 0.680 = 1.12 inches.

The maximum displacement predicted by Method 1 of the FSAR
exceeds 22% of the value obtained by corrected Method 2
of the SRP.

To provide an indicatioa of the difference between the results
from the two methods when other ductility ratios are used,
the velocity of the missile is arbitrarily increased from
241 ft/sec to 364 ft/sec. This yields a missile penetration
of 12 inches, which is 2/3 of the panel thickness (the maximum
penetration permitted per the PSAR. Under this condition,

method 1 = 2.08 inches""*

[#3 method 2 = 3.29

3.29 x 0.680 = 2.24 inches[ymax) method 2
=

To summarize the results obtained by using the corrected
Equation (3), values of [ymax] Method 1/[ymax] Method 2
are given below:

Q'13 0. 2 5-4 ,

.
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*

Missile Velocity _ Penetration Derth Max. Deflection Ratio
ft/sec inches of the Two Methods

241 5.9 1.22

364 12 0.927

Since the maximum underestimation of Method 1 of the FSAR
is less than 8%, the use of this method is considered acceptable.

REFERENCES

1. (From SRP 3.5.3): R. A. Williamson and R. R. Alvy,
"Effect of Fragments Striking Elements," Homes and
Narver,.Inc., Revised November 1973.

{ 2. R. P. Kennedy, "A Review of Procedures for the Analysis
'

and Design of Concrete Structures to Resist Missile
Impact Effects," Nuclear Engineering and Design 37 (1976)
North-Holland Publishing Company.
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QUESTION 130.27

"Specify the procedures for prediciton of local damage
of barriers consisting of cor.1posite sections. Indicate
the compliance of the method selected with that containedi

in the SRP Section 3.5.3."
,

RESPONSE

Composite sections have not been used as barriers at the-

Byron and Braidwood Stations.

1

!
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i QUESTION 130.28

"Sargent & Lundy Report SL-302G, referenced in the FSAR,
has not been reviewed and approved by the Regulatoryi

Staff. Describe the contents of the report in an appro-
priate cection of the FSAR or provide a copy of the
report for review by the staff."

RESPONSE

Sargent & Lundy Report SL-3026, " Seismic Soil-Structure
Interaction Analysis of Nuclear Power Plants," was transmitted
on-Maur 9, 1973 (letter from R. N. Bergstrom (S&L) to Dr. K.
Kapur (AEC)). The report presents a general procedure
for a coupled three-dimensional soil-structure interaction
analysis using modal synthesis and finite element techniques.

!

I

i

|
4
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QUESTION 130.29

"In Section 3.7.2.10 of the FSAR you stated that each
individual floor framing beam of the buildings was designed,

statically for 1.5 times the acceleration corresponding!

to fundamental frequency of the beam from the applicable -

,

wall response spectrum. The position of the Regulatoryi
'

staff states that the factor of 1.5 is to be applied
! to the peak acceleration of the applicable floor response

spectra (see SRP Section 3.7.2-II.1.b.(3). Assess-the
;. impact ot this apparent discrepancy between the two
~

criteria and provide a justification for any dev!ation
! from the SRP."

4

RESPONSE

B/B-FSAR Subsection 3.7.2.10 -is in conformance with provisions
'r

of the SRP. There is no deviation between the analysis
and design method stipulated in the B/B-FSAR and in SRP
Section 3.7.2-II.l.b, which perrits the use of any rational
and justifiable equivalent static load method. Justification
is given below.

1. SRP Section 3.7.2-II.l.b.(3) applies only to the design
of floor attached structures, equipment, and components
and is based on a static load method which involves
no anlaysis, i e., no frequency calculation or modeling.

of the component.

2. Tr.e equivalent static load design method stated in B/B-.

FSAR Subsection 3.7.2.10 for design of floor framing
is a more compn hensive and realistic method. It involves,

modeling each main floor framing-member, and determination
of the fundamental frequency of the member, consideration-

,
of source of seismic excitation, and includes the effect

! of higher mode participation. The adequacy and conservatism
of this method has been evaluated by comparison of results,

with a dy: amic analysis for a typical floor framing.
Results have been previously published from papers of
the ASCE Spring Convention, Dallas, Texar, in April >

1977 (Reference 1).
,

3. The justification for -using the wall response spectrum
instead of the floor response spectrum is as follows:
The floor framing members are supported by steel columns.
Columns are included in the vertical seismic model with.

the walls. Seismic response of floor framing members
is given by the response of the supporting columns.
Column response is giver by the applicable wall spectra.

,

j

Ol30.29-1
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I
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Therefore, it is appropriate to use the wall response
spectra for the design of floor framing members. These
wall response spectra adequately account for the amplifi-
cation effect of any structures or components attached
to the wall.

4. Since the floor framing member is modeled as a single-
degree-of-freedom system, an amplification factor of
1.5 is used to account for higher mode participation.
This factor is a conservative value. A typical steel
floor framing member behaves close to a single-degree-
of-freedom system, in which higher mode participation
is insignificant. Use of 1.5 as the amplification factor
for flexible beams having frequencies lower ti:an 33
Hz will ensure the design adequacy of the equivalent
static load method used herein.

REFERENCE

1. Y. L. Tien, V. Kumar, and S. J. Fang, " Design of Composite
Floors For Vertical Seismic Lcads," presented at ASCE
Spring Convention, Dallas, Texas, April 1977, ASCE paper
No. 2886.

.

t
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B/B-FSAR

QUESTION 130.30

"The statement in FSAR Section 3.7.2.8 that non-Category I
structures are designed to prevent their failure under
SSE conditions requires explanation. Describe what
specific measures which have been taken to assure that
failure of non-Category structures-will be prerented
not only under SSE condition but also under other loading
conditions."

':
RESPONSE

Categ2ry II structures integrally connected to or located
in the close vicinity of Category I structures are designed
for Category I loads in order to prevent their failure on
Category I structures. Table Q130.30-1 describes structures
and elements under consideration and shows loads for which
they are designed.

0130.30-1
(
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TABLE Q130.30-1

CATEGORY II STRUCTURES TO BE DESIGNED

FOR CATEGORY I LOADS

INTERCONNECTED CRITICAL CATEGORY
CATEGORY II CATEGORY I II ITEMS DESIGNED
STRUCTJRES _ STRUCTURT.? FOR CATEGORY I LOADS LOADS

1. Turbine 1. Auxiliary 1. Concrete floors
Building Building

2. Containment 2. Containment 2. Columns
Building Building 3. Crane girders
Buttress 4. Roof girders
and Dome 5. Vertical and
Enclosure horizontal bracing SSE

6. Roof trusses
7. Purlins required

for lateral support and-
of roof girders

8. Tie rods Tornado9. Connections to
Auxiliary Bldg.
at L row

10. Shear walls
11. Mat
12. Embedments to the

Containment

Train Shed Fuel Handling See Note See Note
Building

.

!

I NOTE: Failure of the train shed under Safety Category I loadings
will have no detrimental effect on adjacent Safety Category
I structures. Only two roof girders from the train shed
frame into the Fuel Handling Building will be permitted
to fail. Consequences of their' failure will be less
critical than the failure due to missiles identified in
Subsection 3.5.1.4 of the B/B-FSAR.

Q130.30-2
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QUESTION 130.31

"The seismic responses for shear walls contained in
Figures.3.7-57 thru 3.7-59 pertain to Braidwood Station
only. Provide similar responses for the Byron-Station."

-

RESPONSE

The seismic responses tabulated in Figures 3.7-57 through
3.7-59 pertain to Braidwood Station. The seismic responses
for-similar shear walls pertaining to Byron Station are
tabulated in Tables Q130.31-1 through Q130.31-3.

.
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TABLE Q130.31-1

BYRON STATION

SEISMIC RESPONSE (SSE) FOR WALLS AND COLUMN ROW L
'

AUXILIARY-FUEL HANDLING BUILDING

ELEVATION SHEAR MOMENT
; (fts (kips) (k-ft)

477 2706 21646
451 5093 149645
439 15565 328238
42A 16835 544536
401 20816 1045220
383 8784 1195894
367 8489 1342584
346 9687 1497097

1
i

i

i

.

!
-

s

i

!
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TABLE Q130.31-1

BYRON STATION

SEISMIC RESPONSE (SSE) FOR WALLS AND COLUMN ROW Q
!

AUXILIARY-FUEL HANDLING BUILDING-

:.
; 1ELEVATION SHEAR MOMENT
$ (ft) (kips) (k-ft)

451 1739 45221
; 439 5612 111813

426 6243 192590
401 5725 331660

s

383 1958 565962
367 3628 429779

} 346 1369 451838

:
!

>

g

h

,

e

0130.31 3
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TABLE Q130.31-1

BYRON STATION
,

SEISMIC RESPONSE (SSE) FOR WALLS AND COLUMN ROM 30

AUXILIARY-FUEL HANDLING BUILDING
; -

ELEVATION SHEAR MOMENT
ift) (kips) R-ft)_,

451 ft 0 in. 3401 62419
439 ft 0 in. 8286 159401
426 ft 0 in. 8721 271789
401 ft 0 in. 10597 528867
376 ft 6 in. 9040 844375

i

'

i

i
<

!

,

0130.31-4
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QUESTION 130.34

"With reference to Section 3.8.1 of the FSAR: The 'ASME
Boiler and Pressure Vessel Code' Section III, Division 2,
1973 is not entirely acceptable to the Regulatory staff. *

The SRP Section 3.8.1-II, describes the exceptions to
the Code taken by the staff. Indicate your compliance
with these exceptions or justify any deviations therefrom,
if any."

.

RESPONSE

The exceptions described in SRP Section 3.8.1-II to the
ASME Code, Section III, Division 2 are addressed in B/B-FSAR
Subsection 3.P.l.5, where we have stated there is complete
compliance witn these exceptions.

,

.I

i
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.

'JESTION 130.35

"Section 3.8.1.4.7 of the FSAR implies that the only
transient load that has been considered is that of-thermal.
gradient. Indicate if what and how other transient-
loads have been considered 14 the design of the containment,
(e.g., resulting from pipe break due to LOCA)." 3

i

RES POI!SE

The transient thermal gradient described in Suosection 3.8.1.4.7
occurs as the containment wall heats up gradually after
a LOCA in response to elevated conta!nment atmospheric'tempJr-
atures. Therefore, it is treated as c static load.

The seismic loads on the structure are transient and are
determined f rom a dyr,nmic analysis as indicated in Subsection
3.7.2.

LOCA pressures are transient; however, LOCA pressures are
considered as a static loading because the rate of pressoriza-
tion is gradual as shown in Figures 6.2-1 through 6.2-6.
Pipe loads resulting from pipe breaks are transient. In
design the bounding values of these loads are calculated
on the basis of the collapse mechanism of the pipe (e.g.,
the pipe 's plastic moment) .

.

Q130.35-1
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B/B-FSAR

QUP.STION 130.36

"with reference to FSAR Section 3.8.1.5.2 explain and
justify the use of ACI-318-71 Section 11.4 for radial
shear which is for nonprestressed cencrete members.
Explain why Section 11.5 of the ACT- 318-71 was not used
which is for shear stress for prestressed concrete members.".

RESPONSE

Prestressed concrete sections typically have higher concrete
shear strength than nonprestressed concrete sections. Several
critical sections in the containment structure were evaluated
for radial shear using both Section 11.4 and Section 11.5
of ACI-318-71 and it was found'that the allowable concrete
shear strength per Section 11.5 was, in general at least,

50% higher than that allowed under the provisions of Section
11.4. Therefore, Section 11.4 was used for reasons of conserva+ Lem
and expeditious design.

J

0

t
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B/B-F3AR

QUESTION 130.37
:
,

"Section 3.S.1.7.2.2 of the FSAR 77d Appendix n indicates
that structural acceptance test wiAl meet the ' intent',

of R.G. 1.18. This statement implies that there may
be some deviations from the Regulatory Guide. Specify

t and justifs/ any of such deviations with respect to the
provisions of the R.G. 1.18."

i

RESPONSE

'B/B-FSAR Subsection 3.8.1.7.2.2 and Appendi.x A will
be revised to indicate compliance with the provisions of
Regulatory Guide 1.18.

.

4

f

i

T

i
-L

,

I

e

!

1

|

,

0130.37-1
;

i
6

. . . - , , , _ ..v.., ...,s. , ,,.,-.,,,__,.,-.,._%, , , ,,,., yr , r y,,,,,,.r-,,,,- ,- y-, - ,w,.- ,__-.,_m,, -- ,,,---e . ,r.<,.., ,,r.--,



.
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QUESTION 130.38

"Section 3.8.1.7.3.2 of the FSAR and Appendix A indicate
that inservice tendon surveillance program will ,.tet

the ' intent' of R.G. 1.35. Such a statement implies
that there may be some deviations from the Regulatory
Guide. Furthermore, the present position of the Regulatory
staff regarding inservice tendon surveillance program
is stated in R.G. 1.35, April 1979 and R.G. 1.35.1,
April 1979. Specify and justify any deviations in your
inservice tendon surveillance program from the provisions
of these Regulatory Guides."

RESPONSE

The inservice tendon surveillance program is presented in
the Technical Specifications (B/B-FSAR Subsection 16.3/4.6.1.7)
and will be changed to conform to the Regulatory s aff position
per Regulatory Guides 1.35 and 1.35.1, with the exception
of the applicable acceptance criteria. The acceptance criteria,
Subsection 3.8.1.7.3.2, will be modified as follows.

Tendon lift-off stress shall be adjusted to account for
elastic losses which are a function of the original stressing
sequence. These' values will be compared with the average
design values as stated below:

Hoop 140 ksi

Vertical 147 ksi

Dome 143 ksi

This acceptance criteria ensures the containment ccracity
through maintenance of tendon stress design values.

.

Q130.38-1
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B/B-FSAR

QUESTION 130.39
,

" Provide more information regarding the prestressing
system used at the Byron /Braidwood plants. In your
response indicate the system selected, type of strands,
the ultimate tensile strength of wires and rods used,
what are the allowable stresses in the tendons immediately
after anchorage, state if tendons are grouted or ungrouted.-
Describe tendon sheathing, the trumpets, etc., and indicate
the standard used for design of the prestressing system
and any deviation therefrom."

RESPONSE

The maximum overstressing force in any tendon at the jacking
end is limited to 80% of the gnaranteed ultimate tensile
strength (GUTS) of the tendon. The prestressing force in
the tendon immediately after anchoring and prior to time
dependent losses is 70% GUTS.

The trumplate assembly consists of a 20-1/2 inch by 20-1/2
inch by 3-3/4 inch bearing plate ,ith a 7 inch diameter
tube trumpet. Transition cones connect the trumpets to
the semirigid sheathing which encloses the ungrouted tendons.

All other reques'ed information is given in Section B.3t

of Appendix B of the B/B-FSAR,

t

|

0130.39-1
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B/B-FSAR

QUESTION 130.40

" Describe the corrosion protection provided for the
tendons from the point of fabrication to the installed

i location and during the expected life-span of the system."

RES PONSE* ,

;

; A complete description of corrosion protection for the post-
tensioning system used at the Byron /Braidwood Stations is!

given in Section B.3 of Appendix B.'

.

i

!

!

!

i

1

'

,

i
\

i

i

i

i
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B/B-FSAR

QUESTION 130.41

"The loads and load combinations described in FSAR Section
3.8.2.3 and Table 3.8-7 equire an explanation. It
is the Regulatory staff's position that Subsection NE
of the ASME Code Section III, Division I is not explicit
with respect to the loads and load combinations which
should be considered in the design of steel containments
and metal MC components. Also Table 3.8-7 categories
different load combinations in a different manner from
that which is used in the ASME Code. The loads and
load combination equations acceptable to the Regulatory
staff are listed in the SRP Section 3.8.2 together with
the allowable stresses. In view of the above you are
requested to provide the following:

a) Correlate the leads and load combination equations
with those listed in SRP Section 3.8.2.

b) Provide the allowable stresses for all load combination
equations.

c) Specify the load combination eg ation for the flooded
condition (the present load combinations in Table
3.8-7 seem not to include this condition).

d) Provide an explanation of all of the load symbols
used (some like P or P are not explained and somegsuch as loads under extreme environmental conditions
are not listed).

e) Describe any deviations from the SRP Section 3.8.2
which have been used in design of metal portions
of the containment and provide a justification therefrom."

RESPONSE

a) The load combinations for class MC components from FSAR,

Table 3.8-7 and SRP 3.8.2 correlate as shown in the
following:

Load Load
Comb Comb
No. SRP 3.8.2 No. FSAR Table 3.8-7

(1) D+L+Pt+Tt ( 2) D+L+Pt+Tt

(2) D+L+T + R ( 3) D+L+R +T + P + Pg g g g g e

(3) D+L+T +R & E ( 4) D+L+R +T + P + P +Zg g g g g e

Q130.41-1
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B/B-FSAR

(4) D + L + T, + P, + R +E ( 8) D+L4 P, + E + T + P, + Ra a a
or

(10) D + L + P, + E + Rr+Ta
+ P, + Ra

(5) D+L+Te + P, + R +E ( 4) D+L+R +T +P +P +E
e g g g e

(6) D+L+Ta+Ra + P, + E' (ll) D+L+P +Rr+T + P,e a

+ R, +.E'

(12) D + L + P, + R +T +
r a a

+ R, + E'
(7) D+L+T +P +R + E' ( 7) D+L+R +T +P + E'

e e e g g g

(8) D+L+T +R + + (11) D+L+P +R +Ta+a a r j e r a

Y,+ E' +P R, + E'a
or

(12) D+L+P +R +T +P
e r a a

+R + E'
a

(9) D+L+E+F Nuney

b) The allowable stresses for the design of the class
MC Components covered under Table 3.8-7 can be determined
from either paragraphs NE-3131 (a), (b) and (d), or
NE-3131 (c) of ASME, Section III, Division I Code.
(The applicable edition of ASME Code is 1971, with
coverage through the Summer Addenda, 1974. This is

i referenced in FSAR Subcection 3.8.2.5.1.) The allowable
! stresses for the corresponding load combination equations

are shown in the following:
|

i

|

;

i

,

|

;

Q130.41-2
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B/B-FSAR "

CLASS MC COMPONENTS - ALLOWABLE STRESSES

TABLE 3.8-7 ASME, SECTION III, DIVISION I
LOAD COMBINATION NE-3131

E00ATIOtt NO. PARAGRAPH

1 NE-3131 (a), (b) and (d)

2 NE-3131 (a), (b) and (d)
,

3 NE-3131 (a), (b) and (d)

4 NE-3131 (a), (b) and (d)

5 NE-3131 (a), (b) and (d)

6 NE-3131 (a), (b) and (d)

i NE-3'31 (c)
8 NE-3131 (a), (b) and (d)

9 NE-3131 (a), (b) and (d)

10 NE-3131 (a), (b) and (d)

11 NE-3131 (c)

12 NE-3131 (c)

c) The SRP combination including post-LOCA flooding does
not govern the design of the MC components. LOCA pressure
produces larger loads on the penetrations because the
surface eleva': ion for the flood is less than 4 feet
above the base mat..

d) Table 3.8-7 has been revised to include E' in the Extreme'

Environmental column. Also, in Table 3.8-7, P has .

been replaced with P' and P has been replaced with
P Table 3.8-4 will be re91 sed to include de'finitione.

f8r P and R as shown below.
r

P = External Pressure on Containment, not considering P *e a

R =L ds Associated with High Energy Rupture ofr

Piping Systeme = Y, + Y$+Y*r
e) There are no deviations from the SRP Section 3.8.2 in

the design of the metal portions of the containment.
;

Q130.41r3
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B/B-FSAR
.

QUESTION 130.42

"The descriptive information of the internal structures
is not in e.ccordance with the provisions of R. G. 1.70
' Standard Format.' Provide sufficient information,
illustrated by sketches, in FSAR Section 3.8.3, to allow ;

the staff to perform a meaningful review of internal
structures of the containment.

'

'" Reference to Sections 1.2 and 3.9 of tne FSAR is not
acceptable since the sketches in Section 1.2 provide'

only general outline of the plant, and Section 3.9 is
primarily devoted to equipment rather than structures.
Description of the structural aspects of the internal

., structures should be included in FSAR Section 3.8.3."
.

RESPOt1SE

Containment building sections in the east-west and north-
south directions, primary shield wall, and NSSS component
enclosure plans are shown in new Figures 3.8-46 through
3.8-51. These figures, together with the descriptive informa-
tion in Subsections 3.8.3.1.5 through 3.8.3.1.8 and Figures.

3.9-4 through 3.9-9, define sufficient detail for a structural*

review of the containment internal structures.
,

i
i

t'
< .

9

!
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f

QUESTION 130.43

"The descriptive information of Category I structures
other than containment is not in accordance with the i
provisions of the R. C. 1.70. Provide sufficient infor- i
mation, illustrated by sketches in the FSAR Section
3.C.4 to enable the staff to perform a meaningful review.
Referencing the FSAR Section 1.2 which illustrates the

'
'

general layout of the plant is insufficient in detail
for a structural review.".

i

RESPONSE

A plan view of auxiliary-fuel handling building shear walls,
elevation view, shear wall-slao diaphram connection (above,

grade and below grade), and a typical wall corner are shown
in new Figures 3.8-52 through 3.8-56. These figures, along

! with the information in Subsection 3.8.4.4, provide sufficient
'

detail for a structural review.
I
;

!

4

O

f

!

i

)

!

!

i

'I

.
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BYRON-FSAR
.

QUESTION 130.44

" Review of Table 3.8-11 revenis that the load combination
equations used for the Byron Pfver Screen House are
not in conformance with those contained in SRP Section
13.8.4. Some of the loads are missing (tornado), some
of the loads have load factore different from those
in the SRP (it appears that equation 7 of the SRP is
not cons!dered), the symbols of the loads are not explained.
Correlate the load combination equations in Table 3.8-11
with those contained in the SRP Section 3.8.4 and
justify any deviations or exceptions taken from the

,
'

Standard Review Plan."
1

RESPONSE

Comparison of the load combinations in FSAR Table 3.8-11*
,

with those contained in the SRP Section 3.8.4 shows that'

! the load combinations used for the Byron river screen house
4 are in accordance with those contained in SRP Section 3.8.4

with the following exceptions:

1. Byron river screen house is not designed for tornado
loading according to FSAR Table 3.8-11. The justification'

for deviating from SRP Equation 5 in Section 3.8.4 is,

found in the FSAR Table 3.2-1 Note 1 and Subsection 3.8.4.3:

"The river screen house is not designed against
the probable maximum flood and the design-basis
tornado. The ultimate heat sink for the Byron Station;

' consists of a combination of the river screen house
and makeup wells. The makeup wells are designed
for probable maximum flood and design-basis tornado."

2. Equations 6, 7, and 8 in Section 3.8.4 of the SRP are
: n>t applicable because they combine loads due to a postulated
| high-energy pipe break accident. There are no high-

energy pipe lines within the Byron river screen house.
1

!
;

i

* Note: The Symbols of the loads in these tables
are defined in Table 3.8-4 of the FSAR.

Q130.44-1

.

. _ _ _ . _ _ . . _ _ . _ . . _ _ _ _ _ . _ . _ _ _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______._.m_.__.__.m m.mm _ _.__.__ ___=_ # -N



. - - - _ _ ____ - _-_- _ __. _. . _ _ . __ . . _ _ - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ .

<

'

B/B-FSAR

QUESTION 130.45

" Examination of Table 3.2-1 reveals that the isolation
valve room is a seismic Category I structure. This
item is missing in FSAR Section 3.8.4. Provide a description
of this structure, the pertinent design and construction
information and amend the FSAR, Section 3.8.4 accordingly."

RESPONSE

Refer to revised Subsection 3.8.4.1.4 of the B/B-FSAR.
t

t

!

,

e

i

!
.
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,
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B/B-FSAR

QUESTION 130.46
,

"Section 3.8.5.5.2 of the FSAR implies that because
of the depth of embedment, the foundation conditions,
etc., you assumed that stability of Category I structures
against overturning, sliding and buoyancy does not present
a problem and an analysis for these conditions is not
necessary. You are requested to either provide sufficient
information to justify such an assumption or analyze
the structures for the above conditions of stability,
calculate the resulting factors of safety and compare
them with those listed in the SRP Section 3.8.5."

RESPONSE

In Subsection 3.8.5.5.2 stability of the main building complex
has been checked against overturning, sliding, and haoyancy
in accordancc with SRP Section 3.8.5. The FOS against over-
turning and sliding are 1.84 and 1.32, respectively, for
governing SSE loads. These values are greater than the
FOS of 1.1 givrn in SRP Section 3.8.5. Subsection 3.8.5.5.2e

will be revised to reflect the factors of safety given above.
The essential service water cooling tower has also been
checked for flotation; the FOS found was much greater than
1.1. Factors of safety for other Category I structures

: are listed in Subsection 3.8.5.5.2.
i

I

|

i

|

|

t

1

,
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QUESTION 130.47

"With reference to FSAR Section 3.8.5.3 the extent of
, load combination equations in other parts of the FSAR

is not sufficient. Some of the loads exerted on the founda-
tion do not appear in other load combination equations
to which reference has been made (e.g., huoyancy due,

to flooding). You are, therefore, requested to specify
the loads and load combination equations for which founda-<

tions of Category I structures have been designed and
correlate such loads with those listed in the SRP Section
3.8.5."

i RESPONSE

In addition to the loads and loading combinations referred
to in Tables 3.8-9, 3.8-10, and 3.8-11, the foundations
of Category I structures are designed for the load combina-
tions listed below. (These combinations are used to check
stability of the structures against flotation, overturning,
and sliding.)

1

i a. D+H+E

b. D+H+W

c. D+H+E'4

d. D+H+W
t

i e. D+F'

In the above combinations, H is lateral earth pressure and
F' is the buoyant force. These loads are the same as those
listed in SRP Section 3.8.5.

|

!
,

j

-
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QUE3 TION 130.54

"Your response to question 010.19 is not satiefactory.
You are requested to state whether the liner plate of
the spent fuel pool is:

a) considered to be a Category I structure, and

b) subject to O/A and Q/C requirements of 10CFR,
Part 50, Appendix B.

Furthermore, provide the criteria pertaining to the
design and construction of the spent fuel pcol liver
plate."

RESPONSE

The spent fuel pool is comprised of reinforced concrete
walls and mat lined with a 3/16-inch stainless steel plate.
The reinforced concrete has been designed for the various
hydrodynamic effects associated with the seismic loading
conditions. The spent fuel pool liner plate is considered
to be a Cacegory I structure and is subject to quality
assurance and quality control requirements of Appendix B of
10 CFR 50.

Continuous embedded plates (2 inch by 3/8 inch A36 with
5/8 inch diameter Nelson studs) were placed in the concrete
p?ol walls in an approximate 6 foot 0 inch grid pattern.
Embedded wide flanges (with'4 inch by 13 inch A36 with 5/8
inch diameter anchor bolts) were placed in a similar 6 foot
0 inch grid pattern in the concrete pool floor. Individual
embedded plates (2 inch by 4 inch by 3/8 inch A36 with 1/2
inch diameter Nelson studs)were placed at 2 feet 0 inch,

on center within these wall and floor grid systems. The-

liner plate was subsequently attached to the embedments
'

in 6 foot panels with a continuous groove weld at the srims
to the continuous grid embedments and with plug welds at.
2 feet 0 inch on center to the individual embedment: This.

anchorage system resulted in unsupported liner panels of
2 feet 0 inch by 2 feet 0 inch.

The liner plate and anchorage system have been designed
for the forces resulting from long-term shrinkage of concrete,
and a temperature rise to 150 F. from the 70 F. ambient
temperature. The maximum compression force in the liner
is calculated using the total strain of the long-term shrinkage
of the concrete and the temperature rise. This compressive
stress in the liner is limited to 0.95 Fy.

0130.54-1
.

+ _ - - - - - - - _ - - - - _ - - - - _ - _ _ . - - _ . - _ . - . . _ - _ . - _ . _ _ . .



,__ - . ..

h

.'
^

B/B-FSAR

!

The maximum anchor force is obtained as follows. Before
j buckling, all panels are under the same compressive force

and the anchor system is not carrying any load. When buckling
cecers, the force in the buckled panel will be lower than

, that of the adjacent unbuckled panel. The difference between
'

these forces, is resisted by the anchors. Tha maximum differ-
ence occurs when the force in the buckled panel is assumed
to be z'ero. This assumption will lead to a maximum anchor
force.

Additional seismic forces acting on the anchorage are found
to be negligible when compared to the thermal loading.
There are no attachments made directly to the liner plate;
therefore, the only seismic forces acting on the anchorage
would be from the self-weight excitation of the plate.

i The installation of the liner p1_ie was in accordance with
the provisions as stated in Section B.7 of Appendix B of
the B/B-FSAR.

|

1

{

,
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.

QUESTION 212.85
,

" Identify all ECCS LOCl> related instrument', valve and
valve motors which are expected to be floooed following
a postulated LOCA. For any ECCS or RHR valve motors
which are submerged follt uing a LOCA, evaluate the con-
sequences of spurious activation of the valves."

,

RESP $c1SE

There are no ECCS LOCA-related instruments or valve operators
which will become flooded during a postulated accident.
Isolation valves RH8701A-1 and RH8701A-2 will be submerged,
however, the valve motor-operator is located above the maximum
predicted water level. The following air-operated valves

.

'

will be submerged and inoperable but are not used for safe:

shutdown:

RC8037A/B/C/D - Loop drain header valves; fail closed.

RE9159A - Isolation valve to gas analyzer from reactor
coolant drain tank; fail closed.

RE9160A - Isolation valve to waste gas compressor
from reactor coolant drain tank; fail closed.

.

RY469 - Isolation valve to waste gas compressor

|
from pressurizer relief tank; fail closed.

!

!

! -

|

|

|
|

|

|
i
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B/B-PSAR
.

QUESTION 212.103

" Discuss non-compliance with Reg. Guide. 1.46 paragraphs
1.d and 2.d as indicated in the FSAR, Table 1.46."

.

RESPONSE

Appen.31x A has been revised to indicate that the applicant
complies with Regulatory Guide 1.46.

1
<

i

+

.

9

|
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QUESTION 212.127

"A char je in the Westinghouse fuel rod internal pressure>

design criteria is in the process of being approved.
This change will permit the internal fzel rod pressure
to exceed system pressure. For some Condition III and
IV overpower evcats, this will result in an increase
in the number of rods normally expected to fail as a
result of these events. This is due to~the probability
of a rod simultaneously being in DNB and exceeding system
pr3ssure. Subsequent ballooning and touching the adjacent
rods follows, thereby causing more rods to go into DNB

t and fail. Therefore, for the Chapter 15 analyses of
Condition III and IV events, confirm if this change
in the fuel rod internal pressure design criteria has
been factored into the number of rods predicted to fail."

RESPONSE

The NCR staff has completed its review of the revised Westing-
house fuel rod internal pressure design criteria and has,

; decided on an acceptchle amended criteria.

"The internal pressure of the lead fuel rod in the reactor
: will be limited to a value below that which could cause

(1) the diametrical gap to increase due to outward cladding
creep during steady-state operation, and (2) extensive
DNB propagation to occur."

WCAP-8963, " Safety Analysis for the Revised Fuel Internal
Design Basis," was found to be acceptable to support the
conclusion that an insignificant number of additional DNB
events would occur during transients and accidents as a
result of operating-with fuel rod pressure (1) greater than
nominal system pressure, and (2) limited by the above criterion.

i For all Condition III and IV overpower events, the number
of rods that are assumed to fail is less than 10%. Therefore,
the analyses for the Byron /Braidwood OFA amendment (Amendment 30)
are bounded by the analysis presented in the WCAP. The
results presented in the WCAP are based on the detailed
probability analysis performed to determine the maximum
extent of core damage that could lead to DNB propagation.
It was shown that the propagation mechanism causes only
a small incremental increase in the percentage of rods in
DNB. In view of the conservative nature of the failure
propagation scheme and the small percentage increase in
the number of failed rods, the poten**al increase in site
release is inconsequential.i

Although this effect, resulting from the revised fuel rod
internal pressure design criterion is small, it was-factored
into the number of rods predicted to fail.

*
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B/B-FSAR
.

QUESTION 212.135

" Clarify the statement which states that for an accidental
depressurization of main steam system the DNB design
limits are exceeded (FSAR 15.1.4.4) and provide a curve

! for DNBR vs. time for an inadvertent opening of steam
generator relief or safety valve."

_

RESPcNSE
:
!

For an accidental depressurization of the main steam system,
the DNB design limits are met, not exceeded. The corrected
text is found in the Optimized Fuel Assembly amendment (Amend-
ment 30 to the B/B-FSAR Subsection 15.1.4.4).
At a meeting between the NRC, Westinghouse, and Commonwealth
Edison on Septemer 17, 1981 at Byron Station, Westinghouse
stated that it is not necessary to submit a curve for DNBR
versus time for an inadvertent opening of a steam generator
relief or safety valve. The justification for this statement
will be provided in the response to Question 212.138.

!

s
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.
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!

! 0212.135-1
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B/B-FSAR
,

QUESTION 212.137

"FSAR Table 1.3-2, Design Comparison, indicates that
the boron injection tank has been deleted; however,
Section 15.1.4.2.C references injection of concentrated
boric acid solution. Explain this apparent discrepancy
and any effects on the associated analyses."

RESPONSE

This question is essentially identical to Question 212.86.
Refer to that response for a res[onse to this question.

The concentrated boric acid solution (2000 ppm) referenced,

in Subsection 15.1.4.2.C is drawn from the refueling water
storage tank (RWST). Chapter 15.0 was revised in Amendment 30.

4

9

4

Q212.137-1
.
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B/B-FSAR

QUESTION 212.144
-

" Provide an analysis for the loss of flow from two or
more reactor coolant pumps or provide a justification,
with bases, why this condition is not credible."

RESPONSE

The results of the loss of flow analysis are provided in
Chapter 15.0 for the Optimized Fuel Assembly (OFA) amendment
(Amendment 30). The partial loss of flow case (2/4) is
discussed in Subsection 15.3.1 and the complete loss of flow
case (4/4) is discussed in Subsection 15.3.2.

,

j

{

4

1
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BRAIDWOOD-FSAR

QUESTION 362.2

"For the test data presented in Tables 2.5-35 and 2.5-36,
identify the source or location of the test specimens."

RESPONSE

The source of sand for these test specimens were block samples
taken in test pits excavated within the essential service
cooling pond. Three bulk samples were formed using sand
mrS, rial from the block samples. One bulk sample was formed
to represent the low fines content portion of the Equality
Formation (Test Series 1 in Table 2.5-35) , typically found
below elevation 585 feet MSL. A second bulk sample was
formed to represent the medium fines content (Test Series
2 in Table 2.5-35) typically found near and slightly above
elevation 585 feet, MSL. A third bulk sample was formed
to represent the high fines content portion of the Equality
Formation (Test Series 3 in Table 2.5-35), typically found
above elevation 585 feet, MSL.

To obtain sufficient materials for testing, it was necessary
to combine and mix materials from more than one block sample
to form the bulk samples. Table 0362.2-1 details the block
samples used to make the test specimens referenced in Tables
2.5-35 and 2.5-36.

Braidwood Figure 2.5-91 details the locations of test pits
excavated within the Essential Service Cooling Pond. Logs
of test pits are shown in Braidwood Figures 2.5-254 through
2.5-260.

Tables 2.5-35 and 2.5-36 of the Braidwood FSAR have been
revised to identify the source or location of the test specimens.

|

0362.2-1.
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BRAIDWOOD-FSAR

TABLE 362.2-1

SOURCE OF SOILS FOR TEST SPECIMENS

LISTED IN BRAIDWOOD FSAR TABLES 2.5-35 AND 2.5-36
.

ELEVATION OF
TEST PIT BLOCK SAMPLE BLOCK SAMPLE FINES |NUMBER NUMBER Ft., MSL CONTENT

'

HTP-5 21 586.7 21

HTP-3 32 585.6 13

HTP-3 37 580.8 1

HTP-3 38 584.4 1

0362.2-2 ,
.
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BRAIDWOOD-FSAR

QUESTION 362.3
,

"Section 2.5.4.3 of the FSAR indicates that the foundation
excavation was geologically mapped at 29 sections, whereas
the sketches of only 3 sections are presented in the
FSAR. Submit the detailed sketc' 's of the remaining
sections. The documentation related to the presence
of coarse grained material (coarse sand, fine gravel,
and cobbles) in the bottom of the Equality formation
(fine cand stratum) is of concern because of its impact
on the seepage from the Essential Service' Cooling Pond."

RESPONSE

The geologic sections requested are shown in Figures Q362.3-2
(27 sheets) and Q362.3-4 (2 sheets) . Locations of the sections
are shown in Figures Q362.3-1 and 0362.3-3.

The effect of coarse grained materials is addressed in the
response to Question 362.4.

i

i
i

1
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SECTION I

I UNIT I, E AST PORTIOfi OF RCACTOR PERIMETER WALL. ,

N
-

.

m .

m
w DESCRIPTION-

Z GRAPHIC= x
- '

> u LOG -

a. -

w =
D "

E L. 5 5 7.0 6*O.M L )

- 0 $* 05'Myxy/Yxx .WD MT *

g '49' ..,- - . . .
CARBONDALE FOP.*4ATION..; ;.. s ; . .!

h FRANCIS CREEK SHALE :'E!*BER
~ I'8 8 : ___

-; ~ . _ J.~ _- ' '. CHANNEL SANDSTONE - Gral to cravish-
~

._ - -

502' - a _._. _ - : . brown, fine to medium grained, -1 comely-

- ___

; - A - _ . _ -- - comented, micaccous, sandstone: thin-

- - -- C to medium bcdded, some cross-bodding,'

----

-Iol. j int d, slightly calcareous, scattered---

FLOOR - EL. 550.05 ( f.t SL ) coal seams up to 1-inch thick.
VERTICAL SCALE I" 5'

L CONTROL PolNT: S-1
COORDIN AT ES : 6GR, 4's of 45'
E L E VATIO N : 555.07 ' ( M S L )

SILTSTONFr - Gray to light gray, slichtly
sandy, shaley, micaceous, finely
laminated, blocky siltstone.

.

NOTES: LOCATION OF SECTION 1 IS SFCh"; 0:' FIGURE k2$2 3'l-

SECTION 2
UNIT I, NE PORTION OF REACTOR PEP.! METER WALL

e
O
w DESCRIPTION
$ GR AP HICI

7 52 LOG
m =
c F

....D ...
s u ..s.

- 0 5" 0 5' x x. x <. x < x v!' CAR 30: TACE POR:'ATIO.N
'. .... . '

j. : ~ - FRANCIS CREEE SHALE ."I'*BER*

.

4'9|, -, .| ' . * . " * ' . - Ci!ANNEL S.1:: ' STONE - Grav to.mfavich-
'

-

- -
'.

-

. . . . . . ' brown, fia.c to cedium graince', -17c30ly,.
.

- - ' "
.

.v , ,.au, .: cementee. micacoons'sandstenc-
..

, .,,

' : . *:'. ,' S' .- to ::'cdium bcdded , some cross-bC'':'i n- ,
,

~ 5 48
'

jointed, scattered coal scans u? to
"

VERTIC AL SOALE I"2 5'

.

b P*'
U'.T O''.'!.' c ;\NOTES: 1) MO CO'7'"'OL PO T M'T' FAF t*S"O

g ;,,, gs. . . . ~ . . . . . ~

ALL Cl!AN''RL SANOJTONE.
2) LOCATIo" or sFcTto" 2 IS FI6 M C C2 362. 3-2

S!!owN c:: FIccan Q36 2. '3 -l. --

Qcotce c s e ,,- u. , , <,-. .

u .

0 $b" 5 A. l ,*



-
,

.

. - >.
.

- ,

.
..

.

.
.. .

.. .

.
. .

. .
. .

.

. . .
, ,

N

.-

*:...
,

1
.

.

-

SECTION 3
UNIT I, REACTOR PERIMETER NE WALL

-m
m *

w .

2 GRAPHIC blUD FATr
g y LOG CARLONC ALE FOR*'ATION
E I FRioCIS CREEK SHALC MEMBER'

o y ,, . 7 7 -~ 4 ,t'.',* L ) CHANNEL SAMCSTOMEEt cV ** 3 8-

-
- . -.-"- 0.5

' , . . -- Gray to gray-oro.n, fine to tediu:. . .,

# '
. . . ' . grained, slightly calcareous s:nda::na:- ...-

. . . .; loosely cemented a few scattere: ::ay.,,.

5.55'
-'

, ' , , , , layers up to 1/2" thick, coal sa:. s.-. ..
.

; .,;- to-1-inch thick, clay-filled join:s,-

!
, ' . ' ,

,

2- -- some cross-beddinc.s
'

'. I ' ' ' ."'

-@ CONTRCL POINT 5-3CCOP.DINATES : 67 ' R 12'NW cf 319
'-. - <

-60* 8

1.83' C'E_C~ "_2'.C E L. 5 5 3. 61 ' f '.' 3 L )
-7.88 _ _ . _ _ _ _ . _ _ _ _ _ SILIS? 'E -i

4

I ~
FLO OR- E L. 551.78'( MS L ) Gray to light gray, slightly sancy,'

~

shaley, micaceous, blocky, silts:ene:
VERTICAL SCALE I,, 54

finely latinated, sore coal sli*.crs,
- calcarcous in places.
1

!

I

Q362.3-1.NOTE: LOCATION OF SECTION IS HOWN ON.FIGUnE

3 ,

.
.

l

0 R.NnWo = ^ STMw N
Fsu

Fasaac R362. 2 -2..

G,EOLcC'EC GE CT=c|J.5

(SHEET 2. of27)
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SECTION 4 -

.
, , '

; UNIT i, NORTH PORTION OF REACTOR PERIMETER WALL ~

.

e
m
w
z GRAPHICz DESCRIPTION

[ u LOG
w -

O " EL. 550 G5'(MSL)
-05' O 5 ' '* * * * " " * "- 'MUU I'AI'-

. CARBO: DALE FOR:*.ATIGN. . ,.. ..

"'
. . ; ,. FRANCIS CP.EEK SFALI :*.E.v3EE'

*

. . ''
4.35' ' '- CHANNEL SANDSTCSE - Gray to cray-

. ..

, ' ' . . . . . - brown, fine to medium grained,''

. ' . ' ' . "
'' slightly cross-beddina, a few :13y'

,].. . ' ,
. -

., r filled ' joints, clay layers up to*-485 e
'

L, -C \" thick, coal seams up to 1" thich.
.4*-.

5.36,
.

. . '
. .-

.
---.. --- -

-,.i.~.
. -

- - -
. CCflTROL P0f fit: S-4-

.T b T COORDI N AT E S : 66'R, 2-6' WEST cf 2708*

~ . ' "" u ELEVATIC N : 555.30' (M3L)
-10 21

FLO O R EL. 5 5 0.44' ( M S L ) SILTSTONE - Gray to licht cra*/,.

VERTICAL SCALE I"z S' slightly sandy, shaley, micacheus,
blocky siltstone; finely la:.ina:cd,
some coal slivers, calcarcous in
pimees.

i

| NOTE: LOCATICN OF SECTION 4 IS SHOWN ON FIGURE (362.3-),
I .

.

I

!

!

/t N(\;C C b $$Yl(.i\/
FsM

Frcase q362.3-2
Gauccu s w- ..

,
,. .

(SilEET 3 CF 27 )..
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e
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SECTION 5,

* UNIT l, NORTHWEST PORTION OF REACTOR PERIMETER WALL-
.

.

! e
i M

y DESCRIPTION
r x GRAPHIC
$ M LOG
w -

o H
EL. 560.37.(MSL )

MUD. VATo 5. 3: . . . f: , -. .
- 0. 5

CARBO::D5LE FOR:'ATION., ,,., . , , , .
, .

,

.-"'"""A.. FRA!:CIS CREEK SHALE ME:*BER
''''l'- ''

6.79
*

Cl!A!!NEL SA::DSTO :S - Gray, fine-

to medium grained, fairly Well,

. h. * *'/ * : *: cemented sandstone; occasiona1'

. .
. .

j . . . ; . . ;-- . . cross-ben. ding, scattered .oints
. ~e. 1. *- coal seams uo to 1.5 inches thi %.

~ ~ *

Detrified lo'; 0.9 ft. thick, 'c r e ". ,* . ' c
-7.2 9' .],_. . - .

.
.

@'Ncrumbly composed of lignite.. . . - .-

CONTROL 70:NT : S-5.-t- --- -

3.58 *.C.~97 000ADifa ATES : 57' R , ll' N cf 216 *"

. - T '~.: 7 ELEVATict;i 553.0S',' a T i"-~~." -'

.
10 87

FLOOR EL. 549.5'(MSL) SILTSTO TE - Gray yo it. gray,
VERTICAL SC.LE I 5 slightiv sancv, micaceous, s h a , c'.* ,* -

-sone laninations.
--

siltstone;. .

. . .

LOCATION OF SECTIO::[ QIS SHO!N ON FICURE G3f',31I,1 NOTE:
$

.

.

.

b RATbWeo b .$T.47'cN
Fiu

Faeare G30.3-2s

GEolcG3 c S E'c.M : rt s
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SECTION 6
UNIT I, WEST PORTION OF REACTOR PERIMETER WALL-

.

.

.

e
m
W
y GRAPHIC DESCRIPTIONr

c. -o LOGH

w I
O * EL. 560.3' (i.'SL )

09ENw - MUD FAT, --0.5
:. - ,.'. .0.' -:. CARBC:: DALE FOR.!ATION--

''"
', h ' '. FRANCIS ~ REEK SHALE PE:'3ER

'
-

- .# .

..' r: ., .: 't,."' CHANNEL SANDSTONE - Gray, fine to.

6.2, ,

! 0..' ' ^,-|'. _#
, . . , . v '. medium grained, well-cemented sand-.-

'- - stone; medium- to thickly-bedded,
'

a few coal seams to 1/2" thick,' ; . ~.. . . .. ..
' , ' ' ' 3. @ scattered joints.

-- - :- 6.7,
....

..
.~''

~ . - - - CONTPOL 00:NT:S-6 ,

--? ' ' ; . *-.1 . COORDIN ATES : 6B' R , 20'S of 199*
'

ELEVATICN t 553.60' (f.tS L)
'

4.6'
. ' _ . . $ . . -.

*., . , ._ .
..

-:-:2 . .:- SILTSTOiE - Grav to it, gray,
11. 3'

- --

slichtly sandv, micaceous, shalev-

F LO'sR- E L. 5 4 9.O' ( M S'7 ) siltsto'e; sob.ewhat blocky. ~

n
VERTICAL SCALE I,, 5

| NOTE: LOCATION OF SECTIOM 6 IS SHOWN ON FIGURE (Q362,3 - I ,

i

8RN1bu cc h S T/i = "
F.s A R

F.re u e q a c 2. 3-2
c

Okb. 2 O I O .~. b . .**
.

(

HEET $ 05 7 ?..

.

a

_.._____-__-_____.______..____.._.___.___________________._.______________.___u __________.__._________.____u_____s_.___._________________..__.____.-.______.______.___._____m__ - -
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SECTION 7.
-

UNIT I, CIRCULATING COOLING WATER .

EAST WALL

e
er)
W

z z GRAPHIC OESCRIPTION
p g LOG CARBONDALE FOR!'.ATION
D E FRANCIS CREEK S!! ALE l'E".BER"

BENCH EL. 557.f 3'(MSL) CHANNEL SA::DSTO'!E - Grav, fine-grain 6d,,

-

miceccous, somewhat friable, thin-bedded,. ,.
.,,' f-

.- sandstone; abundant coal seams up to.- - .

3.7, ,
- '

1-inch thick; sandstone beds have an
.

.
-

.
-

. ....-r.
3. : . - . e. apparent din of 4* to the south. .- .

- 3.7 '
. . . ' "

'

@
'

--

* - ~ L ~ .. CONTROL POINT S,-7,. ,
*

EL. 553.43,ES : 85 R,4,S of 45'COOR DIN AT-,,,,7,.,

. .. --- . . ~ (MSL).L.

,y.- .- t. , m
-- . .W - SILTSTONE - Li.ght gray, slightly sandy,

-

.

. ._. . ' ,_d. shaley, mica sous siltsLone; blocky,
*

.

l " ,. . calcarcous in some places, widely.-

.J. scattered tMn coal seams, badly slaked
*-

, 7- - in some areas.;-
. . . .

c,,,

.

b4, c5.
,

i..
.

4
.+

., . . . , . ., ,.
.- .

,, ,

-

. .,
, , -

. :.-:o ' .;_ , .

,;.,. ' -- ,,- - '

..

eMM4O . RUBBLE COVERING FLOORNL#MAM25*19 7, V-- -

'

.

FLOOR - APPROX.
EL. 537. 43' (MSL )

VERTICAL SCALE I": 5'

J

; NOTE:
LOCATION OF SECTION 7 IS SHOWN ON FIGURE G3C2. 3 - l .

'

8 RATrAt.c eb .STKi rcu
Fsu.

@ Gu/Re G362.3'2

GEctc62 C Si.W a

(SWEtT 6 0F 27
.

.

.

L
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e

- *
. .

SECTIOtt 8. -

. , EAST WALL OF AUXILI APY BUILDING -

.

_

.
-m .

e

E GRAPHIC DESCRIPTIONz -

e 5 LOG
n. -

w z
a " BEr CH EL.560.67'(MSL) CARBOFDALE FORMATION

FRANCIS CREEK SHALE MEMBER. . . .

~ ' ' ' . Y '. ' CHANNEL SA:!DSTONE - Gray, fine- to mediu.m-| ', _' -

,
grained, nicaceous, thin-bedded sandstone:

,

, ,d ? -
,t. 9 4 '. 's numerous coal seams to 1" thick. Channel' *

-e. ..
''''I ' l''- sandstone cinches out to south of measured5.5 s

*
- ' :. :. Y a . . section.

g- . .-
. . . . s. .,,*

...t
, ,s,. g

. t ',.
. W .*~- . , ' ' . CONTROL POINT S-8.*-

- 5.5, @ COCRDit:ATES: S 3O + 72, E 47 + 52_ _ __ __ __

!* _% Z ~~-Z E L. 5 57.17' ( M S L )
- =- -.a .

~. Z -- -" _~-L *

_ . _ 4~ ..-. ,.~. SILTSTONE - Light arav., sandy, shalev,_" v .m.'
--__..:_- micaceous, siltstone ca!.careous in places,-
- -- ._

scattered thin coal seams, same slaking.-- _- -
- - . , . .

. _ _ _._ ,
_.- _ . - - .-.

. , , - -

'_ - . - . - .

~'-:-.~.--
-'_;-___.

_^__~-.-~-:- --

19.5, ' - _ - _ - - _ - _ . - , -
_ ~ .

. .

. " . . _ _ _ _. . ~ _ _ ,
-

.
-

.

=_ - _ . , . . , . ~ --~
"- - _ _ . -.

.f - - -. ~~ -- .1-

, , = . _ .
- .

- .-
- _

.

n .

. " - - -
- .-

- . _,_.

_- _

.-

g" g' y
-: .-

RUBBL3 COVERI'!G LOWER PORTION
% T c y- g ,.}.

x . - 2: r.-
- 25

MUD MAT EL. 537 67'(MSL)
VERTICAL SOALE I" 5'

.

.

NOTE: LOCATION OF SECTION 8 IS SHOMM ON FIGURE Q36 2. 3 - 1.

BRe.mwco su m u
F.snR

FrGarar 7. . : ,. . . , . +>

. .

GEOL o c,2. c S5cr== %
.

SHEET ~} C P V~ /'

.

O

e

,
-
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SECTION 9*

SOUTH WALL OF AUXILI ARY BUILDING .

. .

->m .

m
W

x y GRA H' DESCRIPTION(OG$" ,
,

w z
Q * BEf4CH "61.71'(MSL) CARBONDALE FORMATION

FRANCIS CREEK SHALE MEMBER-

.. ..
-,

*; CIIANNEL SANDSTO::E - Gray, fine to medium*

. . . .. .s.
f . . . '. ' . :. ' grained, micaceous , well cer.ented, thinly

'1 to thickly bedded sandstone; jointod,'* -
..

.

i. . ' . , '. . " scattered coal seams to 2" thick, cecasiona;*

:
, ' . " . ' . . -' " , cross-bedding.-.

.p. ..

. . . , . - .
.

~

' ' , 7 ." *13.7'
.i.,".. .

.

,'
,

.

.
.

..
:. . . ', . : .

**

:. ' : . .. :. . , '- ,

. . . ., . . ..
'..-: : . ' ... , ,

**
. . - .' Bottom 1-2' thin bedded with abundan:

coal seat s~
. _ , . _

*COflTROL PCINT:S-9' T , -~ -..

,M CCCRCIN ATES : 5 32+ 18, E 46 + 30.5-13.7, _-_ _

L-;_.-- a ELE VATION : "48.C1'
-

, . - .
. _ .:_.

-,- SILTSTONE - Grav to licht crav, s l i ft. 1 1 ".4 -
'

8.o' 7 ~ l- Y -- ~J - sand'/, shalev, nicaceous siltstone: .:.,

._.4~'~._ finely laminated, jointed, calcareous in
. - -

places.r. .

-- ~.

. ' . _ . . - ..
. -

- - .- w - .

*r=' - --- .-
- 21.7' " J 7~% . .T <- CONGLOMERATE - Siderite conclomerate, c e h E. -t

'

-225. O c. !% 0.. a - -

1/4" to 3", some chunks of coal, sands:cne -o,, ,a ,y ,- a

MUD l.t AT- EL. 539.2' ( MSL ) matrix. The siderite clasts are sue-2n: u ar
VERTICAL SCALE l"s 5 ' to ancular, ilidu ra ted .

Q 36 2c, 3- 1,NOTE: LOCATION OF SECTION 9 S;IOWN ON FIGURE

/b.ts4 .
.

.

3R/krbWcc b STArC#
F.sA rt

Frauac m u 2. m
G s c u a c. S t. :

r
(Sl-LEET @ cp 27-

!

.

O

__ - _ . _ _ _ _ _ _ _ . . . _ _ _ _ _ . _ .
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. SECTION 10
'

.

NORTH WALL OF AUXILI ARY BUILDING
,

e
-

.m
W

3 GR AP HIC DESCRIPTIONz
LOG>- o

a. - *

w z
O " BENC H-EL 5 4l.21'(MSL) CARBONDALE FORMATION

=e-E 1:. r FRANCIS CREEK SHALE MEMBER
7. '. #_~M[v'- - SILTSTONE - Gray to light grav, shaley,
c -# a -

micaceous siltstone, blocky, some portions
-

,'
c. - - . G-: calcareous, some areas laminated, scatterec
'-W C e sand lenses 1 to 2 inches in thickness,

*

.

-J'''kd '. coal seams to 1/2-inch. Beddina has an
'

f' -: .: C # r apparent dip of 15' to west.-

&'"'5f. --

12 9' T- ' -

~~~$. ,
,

2 :.'""~ -

***

9''&.?' -. W<
:. '.C : 'i

'
.: * -

...

CONGLOMERATE + COAL LE::S - 0. 4 ' coal lent:
-NMogt - pebble conclomerate, pebbles 1/4 to 2-incc..-

*EhP'-hor in diameter in sandstone matrix.

-13.5' O 6' F Ts ga

CONTROL POINT S-iO
__-- - _ _. COORDiN ATES S 30,+ 24.33, E 4 6 + 23
- 9

~7z.- > |
-~ "'5. 2' -

ans:3 --
_ _ _ _ - ~ . _- I S I L T S T O ::E , as above flat bedded.
---_

RUBBLE- 18.7'
~ ~"

FLOOR EL. 522.51'(YSL)
VERTICAL SCAI.E l'*z S'

.

NOTE: LOCATION OF' SECTION 10 SHOWN ON FIGURE ( 36 2. 3- | .lsI

.

.

B Rauw cca srar1c rJ
FsAR

f2 cue q u a. >2

(i COLO G 1 C SC C ^

.

(SHEtv ] OF ||7-

.

.

%
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SECTION 13
21 UNIT 2, IAST PORTION OF REACTOR PERIMETER WALL- -

3
.. .

m
M .

h! DESCRIPTION
:c 2 GRAPHIC *

| k y LOG
w -

o e
! -J CH CARBONDALE FOR'".ATIO:!

"

~: .' * * . ' l ' . # " * : FRANCIS 'CREEI' SHALE :1E.'1BER* '
,

'._3 "*'.=E *.. . . \' CHANNEL SA'DSTO:E - Grav., fine tc - diu:
'

,.-.,.,*,:*. grained, m2.caceous, well ce-ented EEnd-* ".
'

. . . .

.'.- stone; top 4 ft. nedium bedded, thinly."" T, . . ..
bedded in botton 3 ft., abundant coal**'

7.6'
b. -

..

' . . . . ,. ' * seams to 1 -inch thick, san d s t.:ne-

5 ' . ' . .. * friable in bottom 3 ft.
"

.

: - *
.

*j . . , . ' ' . , ~ ,''".,
.

EjPT N T

7.6' '' * * * **

1.4 7 7. u.~_;. Z . 7_. SILTSTONE - Gray, slightly sandy, shale-
.'

- 9.O' ' ' " ' ' " ' micaceous siltstone; occasionally
FLOCR laminated, calcareous in places, s c:17 :e :

VERTICAL SCALE I"= 5' ed coal stringers, badly slaked, hotto-
portion rubble covered.

IS
NOTES: 1) LOCATION OF SECTION 13 SHONN 0:: FIGURE O2 C 2. 3 ~ l .

2) CONTROL POINT COULD NOT BE LOCATED AFTER :*l.P?!NC-
BY SURVEYORS AND COULD NOT BE RESET AS '' ALLS ".EFE
COVERED WITH PLASTIC S'HEETING AND WIRE F.ESH.

.

.

Cl?A2hwc c b ST/G oM
Fsne

FasaRE Qse.3-2
' . O. . C (,. 'i. C .5 t_ s . O iv ',3

- . ...-

tr L. p

$l4GET 10 OF 27
"

.

#

, - . , - , . - , - , . . , - _ , - _ , - , _ _ _ , . . - _ . , . - , , . - - . . . - , , , , . ,
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SECTION 14
.,

* '' UNIT 2, EAST PORTION OF REACTOR PERIMETER WALLi
-

;!

. .

m
m

E DESCRIPTION
r :s GRAPHIC
E 2 LOG
w r

SENCH EL.5EO.65'(f.'SL) CARBONDALE FOR>'.ATION
'

: ' .'. '. . * , . FRANCIS' CREEK SHALE :1E 1BER' * * *

". .' -" " ' ' ' . . " CHAN!IEL SANDSTONE - Gray, fine to,

'.,'.,'.'.',.',d';"..~. medium-crained, micaceous, well
'

,. .

." ' . . " cemented sandstone; medium to thinly.'. .' * . ' ' . , . . bedded with thin shale lenses.6 9' . '. '. .. . ,. ;*.. . ' .-

,

* .
,

4, M7"":.. . : Bottom 1 to 2 ft. thinly bedded sith,

- .

* g 2. ,'. abundant coal seams up to 1-inch thick.
',

- 6.9' . _ _ _ _ _ _ _ _ . ' _ _ . , _ _ _ @
, 7 . . = =._,-sy.R$i.W*cc._q \ CONTROL PO!NT: S-14

"

~ ~ ~ ~- = COORDIN AT E S : S a' 3'' R .13' N of 2160- 8.6,
FLOOR EL. 5 5 2.C 5( ?.'SL) ELEVATION: 553.7 5' ( ?.'SL )
VERTICAL SCALE I": 5'

SILTSTONE - Gray, slightly sandy,
micaccous, shaley siltstone; cccasi:n-
aly laminated, calcareous in places,
scattered coal stringers, jointed.
badly slaked, rubble covering bc ter-
portion.

NOTE: LOCATION OF SECTION 14 IS SHOWN ON FIGURE Q 3$2. 3 -I -
s

t

Q%2bwceb STAYzor

FsAR

Frease Q3c 2. 3-2
~

. ~ ,

(3 Ci Cf =w " = ~ - .

-(sueer II of 27)
*

..

.

. _ . . _ _ - _ _ - - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ - - _ - _ _ _ _ _ _ _ _ - _ _ . _ - - _ - _
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SECTION 15
UNIT :., SOUTHEAST PORTION OF REACTOR PERIMETER WALL (OUTSIDE) .

-

. .

.

e
m

.DESCRIPTIOffW
*

x GRAPHICx
$ 9 LOG
w I
O H

BENCH EL $60.98'(MSL) CARBO:! DALE FOR''.ATIO.'; i

,.'c I, . FRANCIS, CREE 7 SHALE MEMBER'

.

" .* * . ! : . , . . , . -'

. . . . . CHANSEL SA';DSTO::E - Gray, ine 10-.

*
:.,'..*,'.'- medium-crained, r.icaceous, wei1"

4.7 ' ' , * . ' , * . , * . *. , , . . ! .* cemented sandstone; top 3 ft. h i :k i _-
* *

, .

bedded, botton 1 to 1.5 ft. thinly..
i-- ,

"

@ bedded with abundant coal seams, 2 ~a- 4.7 ' '. . .. ..
7r T P-.- ' cross-bedding.
%~g".J-%'- 7', CONTSOL FOINT : S -1'5

3.E' y_3.--__- g COORC t!. AT E S : 85'3 R, ;3' SW of 234*
. - _ ..fr -- - ;- , E L E VAT i C |D 55 C. E S , ( .'.iSL )

. . , - - -;
- 8.5,

S ILTSTO:!E ' - G ray , slichtly sand.,FLOOR EL 552 4S,(MSL) -

verv snalev slits: ne:
. 3micaccous,

VERTICAL SC ALE I,,: 5, '
, . ,occasionally 1aminatec, calcar::us n

places, badiv slaked, rubble c:ceri.-
bottom portion.

Q36 2. 3- l .NOTE: LOCATION OF SECTION 15 IS SHOMN ON FIGURE

,

.

8Re m'm b STAT M
, FSA R
1

FIGURE q2e2.3-2
GEOLcGrc Sec- =ns

! s,,- sJ ji C wc , %~J f ,- i ,J'
:

..

.

O

A



-_ _

. .. .
.

-
,

-
.

.

.

. .

. .

.
.

-
.

.

. .
.

.

.SECTION 16
UNIT 2, SOUTHWEST PORTION OF REACTOR PERIMETER WALL (OUTSIDE)-

.

.

e
m
E DESCRIPTIONGRAPHICI x

y 52 LOG
w z.

EEtJCH EL. SSO.96'(P'SL) CARBONDALE FOR".ATION
FW:CIS, CREEK SHALE :'E'GER....t ... .

. " " * "'*,' .. .] CHA:0:EL SA::DSTO::E - Grav , fine to .ef-
''
"

. . , , .| ,, '. , j '. .:
** ~* ** '

,

arained, micaceous, friable snndsten :..

4.7, . . . , .
-.:......,.. top 3' thinly to medium bedded, "cinte.. . .

..

: ;_ .' - - ~ . . .- . ,. scattered concretions and coal seers.' ' '

.

-

- 4.7' ____] @ Sotten l' thinly bedded with abundr::___

_ _ _ _ _ . . coal seats to 1" thick, apparen: :. 3. o .
S_.F_ Z C - Z _

---- ,ot.;.14s t_c;.p,. beds, is 12 N.sa
w e. a r w . . t :s-m4.5 _-_ _ _- CCOR0l'JT ES : 93'3 M. 2 E'?iEST of 272*

-- '~~3='" E LE VATIOti : 5 5 6. 2 6' O.'S L )

GM: .
--

SILTSTO::E - Grav, micaceous, bicc.
,A. e :cs;;;;;~

i

- 9.6 - - - - - - "

- - -

,

F LO O R E L 5 51~' 6, ( "|; S L,) jointec. snaley, slientl. sanc/ si t-
..

,
- - -VERTICAL SCALE I : 5

stone; bad,ly sla-:e c , sc.co l' #-=- --=
.

are calcareous in places, scattered
coal strincers. Rubble covering bott:r
of section.

nq-6 4.i . 3 ~ ) .NOTE: I< CATION OF SECTION 16 IS SHOh'N ON FIGURE

M1~b WC Cb $WY:0&
Fsng

Fxcura Qu 2. 3-2
C =.* T.-~- -**r. p ,.y ., ? . y-
aus .-ww v e . w

#
.

SHEET i3 CF 27)
/..

.

e

$ WS ***
L.___.__-_____.___---.._--__.--_-._ _ _ _ _ _ - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -



SECTION 17'

UNIT I, NORTH WALL OF TURBitlE BUILD!NG *.

(CIRCUL ATING WATER PIPE TRENCH)
.

.

C9
<n
w GRAPHIC
--

x 2 '0G DESC RIPTION
9 o .

a. -

w I TCP Oe WALL
O " EL. 575.92' (MSL)

:;., f , - * :,1, , .- UNDIFFERENTIATED OVERBUPXEN
WEDRON FOR!'ATION tg7 ". "':.**.'.* *,*-

* . . ' . -
,

... . . .

. ,....., . ,.. *.4

1........ . . -.o.

.: .......~.:.: -
*

. . . . . , .- -
,

5 . . .. i ,. . . . . -,

.. , . . .-

. r. . . s .1 .. * ..

. . , .,,

......... . , . < .. ,. * .-

s . ' ' . ..
.

. . . . ' . ' . . .
' '

IS.O' . * G. *
'

.-, ' . - ,

.
.. ... ..
s.. ~ ... ,.... . ..

s . . . . . .
...,

,- t

.. : .,
. . . . .

9..;.e:a*.*.'.F%'t
<

,

.. . .. .
. . . . ... .

. . ' . . , . . . . ~ - 7t

| N. :'b .*d. .. . ..% O
' |

'

. . 't.
'

Upp?gE'?CfChf CARBONDALE FOR"ATION
- 16,

, .
pnANCIS CREEK SHALE MEMBER

..~... .. w : . .
CHANNEL SANDSTONE - Gray, fine to red-' ' ' *

.t NA '. ium crained, 7.i c a c c o u s , well cere.: f.... ..

A .7,
'

*
?. . . - .

. ..

. . . . . . .ointea. sancstone: redium-to /.:. ._.-: . . .
..+ ..<.

. i' t '. . . f , . ;,' bedded, sparse to scattered ccal ser.s .. ''

: ,

E *:" .~ . * e . .* : . , e
@ CONTROL POINT :S-173394c55,g44,g7.

cceg ;gf,7g3:c07.

_ ~ _ - _ ~ . - _ ~ - ELEVATION : 555. 23' ("3L )~ _'-
_ _ _ _ L1 ._. SILTSTONE - Gray, slichtly sandy,-

_ _- _f_ a- _ . shalev, blockv slitstene:_.4_
.

-- - -- micaceous,
- - ,, Contains~_ _ _ _ . - _ . _ . _ calcareous in places; tco. .

:__n___==_.__._ ..,4_..

_

abunc, ant coa l s e a:ns un o 1,, ., .. -.-:.,

__ _ _ _ _ _ - . _-_ badly slaked and weathered.
- -

-._ __ _.

_ . _ _ - _ - _
. . - . _ _ - - , -

13, 'p _mx ._'_- - '
?_.e'-- :c._. __.

_ _ _ _ _ _ . _
_ _ _ _ _

,

-
_ _ -._

-
.

-

_ _ _ _ _%.__
e_--_m_

_ _ _ _ _ _ - _ = .
_.s--_- . y __ ___

RUBBLEo Oc#9d"OfechOCJ ManOw-33. ,
FLOOR EL. 542.23'(MSL)
VERTICAL SCAL E I": 5'

"OTES: 1) LOCATION OF SECTION 17 IS kA D WCCb bDNUS
S HF 'M n" t'I G r * R t' Q 7(*2 3 -| --

.
.s

_> ) c. , . .,. .
p .e. , . . . . . . . . s ;.ss -

MAPPED DUE TO STEEPNESS Fzane G3ca.2-2OF WALL. .

QEOLOG1C SC C Mr .'6

(SHwr 14 cF 27 )
'.

.

m._,-
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SECTION 18
UNIT I, WEST WALL OF TUR9fNE BUILDING-

.

(NORTH PORTION ) ,

e
m .

W DESCRIPTIONz y GRAPHIC
$ 2 LOG
w =

SENCH EL. 562.93'(MSL) CARBO:: DALE FOR'GTIO::
-yg.:T-;77< . . r. :- FRANCI2 CREEK SHALE ".E.''SER.

" T. .: _ - "?__ . U CHANSEL SANDSTO::E - Grav, 'ine-20 i. l-
.. ~' *' '* :' , ium-crained, nicaceous, well Ocrenten,3.7,

.

-

M ., ,, '.. . [, jointed sandstone: medium to thic:;1.-
- 3.7 ' - ~~

,

bedded, scattered to abundant ccal'''

-----. .

sear's to 1,, thic.;.. .
-----

"il .':' ". .' * ' f *.. ', .'*. ..'~":-"~~ CONTROL PO1NT 2 S-!8.. .

COO ROIN ATES : S 29 + 10, r. 45 t 33
__c _.1. :_r.._. _ ELEVAT ON : 5 5 9.23 * ( ?.8 3 L )

~ ~

8.I' _--___-Z-2- .

_____

SILTSTO::E - Gray, slic-htle sand..__________m__ n

c__-____-- micaceous, shalev., blockv s il s t :n-: -
- -'

_ -
calcareous in places, badly s12'-e. *.:d

_-_- _. 7 . ,

_v= - - _, weathereo. aouncant ccal sears tr . ,

- , - ..-H 8,
F LOOR EL. 551.13. (MSL) thick in bottor. portion of section.
VERTICAL SCALE I" = 5'

y 3 c. _ .-2. 2 - 1.
s.NOTC: LGCATION OF SECTIO:I 18 IS SHOICJ ON FIGURE

.

8 R A'IBwe c h S T 4 T ctl
PSM

F m se cu a 1-2
GLpp

,

h..*.*'~*"h-
.g. g

" k w g's s >

(SHnT 15 cF .u)..

.

O

. . . _ _ , . , . , , . ,_-
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SECTION 19
.

-

UNIT I, NORTH WALL OF TURBINE BUILDING- .

.

. .

M e
m
ia GRAPHIC LOG
zZ x

10' >I 25'H o
$ E : d=

! BENCH EL. SG3 27'( MSL) I" CARBONDALE FOR**ATION
: TILO.? |C" ' ' . . . *|., * ' ;. FRANCIS CREEK SHALE ?? EMBER*

. . , , . .. .

.D,b. I -'.'
. * * l' . CHisNNEL SANDSTONE - Grav, fine to'

. . . . . '3.O' i ...- .
* *

reedi um-c ra ined , micaceous, well-. .- :...,- c.
. . ' , . ' , f ,' . . '..--3.O' .-

-; ' ' . . ... . *
* *'

.. cemented, jointed sandstone; red:::*.
.

" '

. : ; , . . . . . t , ; , '. . , . . ' . * * * ' , . ' , ' to thickly-bedded, coal seats abun-
*

t. .,
,, '

,,~.:.' ., . . ' . ' . ' " . , .
* ** *

. . . . , , , , . " . .
* * *-

.- . . ,, .- . ,. : . dant ne r base.* " .

,

.-.:. .,

,i.- . .. . . . . - .-
3,9 ., . , .

.,.

. .s t: .: *

_. ' ' . . .
, . .. ... . . , ,... - ,

. - -
- .. . .

. w. . . , * . . . . .. ..
*

.
* * . - . .- _

COCRDINATES: S 29 + SI, E 45+ 09-- -
..

- 8.9' 9' 8~'~ "*

-c
. - - - ___

;__-------------NSILTSTONE - Gray, slichtly sand ,
--u-

__ m , _ .__ __-i-1.8 --

__ _

- micaceous, shaley, blocky si;ts :n :..

1-10.7' - - - - - - - ----

FLOOR EL. 552.57' calcarcous in places, badly Slakea
VERTIC AL SCALE I"= 5' and weathered, coal seams to 1/2"

thick in bottom portion o~ secticn.

NOTE: LOCATION OF SECTION 19 IS SHOWN ON FIGURE ( 361.3-|.

.

8RArbwce d STAT 26/J
FSan

F m ae q 2c2.3-2
c,- .

[ ,' c G L u_ c,.._ L..J. c

($ MEET l6 O F ?.7 ,).
..

'
.

O
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SECTION 20

UiJIT I, NORTH WALL OF TURBINE BUILDING- -

.

m
- m
3 y DESCRIPTION

GRAPHICz x
F o LOGo. -

Iw
O h

-W. . Q:-
~

7. . . . . g| -
.

t . v, . . WEDROM FOR"ATION
,

C ", .'.Q ' TILL - Gray, silty, sandy clay till;

o ''r.:>'Q . ...O .f.'.
> 5.O'

mottled pink and brown. (Thickness**
..
. - .

-

.- - - not recorc.ec)." .. % . . *. . . . .t . -3..

ELEV. 5SO. 7 2'# < 8
.. . . i. r - : - - CAE3ONDALE FOF;'ATION

2 O' : ';.' ._." -- . . c. n- . u~ S C .v . .--. a .n.. .s=. s m -~.v..- -
.:. -- .

' _ _ _ '. CH'."NEL SA::DSTo"? - r-ray, fine to rediur-
- . .

l___.- 2.O'

----_ __.I. -; rained, =icaceous, w e ,., c e m e n . e _.: _ _ . . . . _- , . . . -..
_ __ _ '
-- _- _ t bedded sandstone; scattered joints, s ca t t e r e'.__.

6.2'
- - - t

thin coal seams.%-
. _ _ _ _ - _ . _ - ,

- - - - -

_c- t.-- _ CONTRCL POINT : S-20
-- -- ~'

- COORDIN ATES : S 29 + 99. E 44 + 62

~82
--- - E L E VAT I O N : 5 5 8.7 2 ' ( .'.'S L )--- - -

FLOOR EL. 552.52'(MSL)
VERTICAL SC ALE I": 5''SILTSTONE - Licht gray, slichtly sand f , -.i-

caceous, shaley, blocky, laminated sr.:s.c.:-
calcareous in places, scattered coal strince

NOTES: 1) LOCATION OF SECTIGN 20 IS SHOWN ON FIGURE C.EE.2l'!.
2) DEPTH SHOFN 'S DEPTH BELOW WEDEON - CAR''O:: ALE,

CONTACT .3.S THICKNESS OF WEDRON WAS NOT RECC ROED .

13 R/tEbweob S'Ut M M
FshT:

Fhe Em M
G EO Lc 6.TC. SE CMM

.

(SnecT [7 or .D).

.
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SECTION 21
U' IT 2, WEST WALL OF TURBINE BUILDING

'

N- ~

-

.

m
m
w DESCRIPTION
E GRAPHICz

*- 2 LOG
S
o F

EL. 560.77,( M SL ) WEDRON FOR*iATION

2.1, .* g ;. fp e. g TILL - Gray, silty, sandy clay with pink*

,; ,; and brown mottlinc...

.o,

, ~
.- . , . . f, .. CARsO:.DALS FO.RMAIIOa
-es' ; 'f PRANCIS CREEK SHALE :*.E:GER

. . ..
,.. i - w .1 CHANNEL SANDSTONE- Grav, fine-to Tcdiu.r-*

' '
-

thin-co.
.

.

grained, micacecus, welI cemented,...,.,..'~r. .

2.6' J.W* medium-bedded sandstone: scattered :cints,
. . *' ~ scattered thin coal scans.

'

.'. , . .* .

* * *. .,

g .~, : ;
w..

- 9.7 '
' ''

@ C0!! TROL POINT S-21
1.3' - == r _.sM COORDINA?ES : S 31 t 41, E 44+ 65

-l J. ELEVAT ION : 551.07 '
- - - ~ ~ ~ '

BENCH EL. 549.77 '( MSL )
VERTIC AL SCALE I": 5' SILTS'7'ONE- - Light cray , slightly sandy,

micaceous, shaley, blocky, laminated silt-
stone; calcareous in places, scattered cc,=
strincers. The contact with the Over' ci- :
channel sandstone has an apparent dip
of 10 E.

;
I

NOTE: LOCATION OF SECTION 21 IS SHOWN ON FIGURE Q362.3-1.
'

,

t

!

:

!

| hhA'.lbW60D bIAD 0ld
| Fssa
,

FxcuRe Q362. 3-2:

6EoLeezc S EC M' N S
'

SHEET 166 F 27 )
'

1 -

*

_ . _ . , , , , ,
__ -. - ._
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SECTION 22

,

*

UNITS Ia 2 W EST WALL OF TURBINE BUILDING*
-

,

'

(BETWEEN UNITS I a 2).
,

,

m
0 DESCRIPTION
E GRAPHICz

H 2 LOG
S =
a -

BEf.C H EL. 562.47,(?.'SL ) WEDRON FOriATION
, g. c 03.. 4%;i J - TILL- '.,rav , silty, sandy, stiff, slichi

-1'6'
' ' - o'C ly gravelly Clay; fine-to coarsa Sand,

17.' ; ; .__'.E,C : -)..'; A. coa rse c rave l , pink and brown ciasts.
.. .

2.7, . ..- _ ... :: ,; CARECMDALE FORvATION
- 4.3' 'j[ g FRANCIS CREEK SHALE .'1 EMBER

--

CHANNEL SANDSTOME- Gray, cicaceous,_ _ _ . _ _ . _ _ _

_ - - _ _ - - fine-to medium grained, poorly care. ac
sandstone; scattered shale lenses.::-----

----
-

7.1
- _ _ - _ 1", scattcred coal lenses to 1" thick,_ _ - ---

_ _ - - _ _ _ _ _ . -CONTROL PC!i4T: S-22 siltstone thinly beddej
_ _ _ _ _ - _ . _ _ COORDIN A7ES : S 20 + S2, E 44 + 59-

.

_ _ _ - - _ _ , ELEVATION: 555.17' ( MSL )

-b_ U-~___ SILTSTONE- Grav', slightly sandv,
~ 11'4 - -

FLOOR EL. 551.07.(MSL)
micaceous, shalev, blocky siltstone:

-

VERTICAL SO ALE I"= 5 Some laminations.

Q362.3~l,NOTE: LOCATION OF SECTION 22 IS SHOWN ON FIGURE

..

.

sD

bR/13bWoob SIAT20M
~5/ R-

i

Ix6tJ 2 e Q 3 62. 3-2
~ ~. -

.,,f #, ..' " " * N * - - "

kJ~~v-'
1

N

sukkT l9 C F 2.7)-

.

0

-e_
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SECTION 23

NORTH PORTION OF WEST WALL OF EXCAVATION
.

.

.
..

,

.

.
-

"
en

0 DESCRIPTION-
.

z GR APHIC
E 5 LOG
a. -

*w I
O "

E L. 600. 26'( M S L )
tt'ek' *it9'Y' v""y '''4y' ' rm n t # e t 'y'? ''.

0 3' PA E ASD SA:io - orv usn-rrown, very 31.ty, very fine- o03
. , , , ; ] ',; to fine-grained sand: slightly clayey in places, horizontal

' * .

,f..,*i

...r'.......-. . bedding.*

, .. .
. . i..r ..sS.4

- : J . ' .. * " . 6
.

-

*' e.,
..L. .

47
- * r -. . , . ,

c -
.

i.'... . . LO.A m t F o w.AT IC. - Ian to ore.r., ' a r.e to reatu.n graar.c.,,

.

-**!.*.'..,.,*:' slightly silty sand; cross-bedded near base.*
. ..e

. . * . ~ . * * . , > . *
_.

.

.. .t.. t.. . . . .

. ,.

*~.%.*'.-
.s- .

.. . ~,
9.9' '*. . .- . .s ,

. . . ' . . . . .
.,

. . ,s.

' ~ 'e \ * . * .' :. '.; .

(*j:f*.*.'. . ' * N. ;. .a ....

_ . _ _' -N. , r<
sandy clay

-.W. ..v - w * 13, oravel - fire to cosrse grained eravel ( Et, . $*4.6'!.

.._.._..en...._._ hTDPON Forca.ATION
. _ - C.-.O: _ .r- TILL - Brownish oray to gray, silty, slightly sandy,

w ..

* * $~--~~--l'-'~ s Edhtly gravelly clay, with occasicc.a1 cobbies a .d tou'.ders t
' till is blocky and jointed, scattered 1- to 2-inen lenses

, . .' .
-

_,g a--. y , -2 of sand and ort.ael, twc 1-foot thick teJs of silty f..e-

, . .g . , to-c m sc-grained sant. near top.
.

.
* _m- - , _ _ - - - - _ - %._ , _ - _ - -

' *

T- ,'E::~~~~l = ;. '- ,

tS 6
L f; - ' __. -- -

_ _- :: . ,

-
,.

".vq-J c_ a
..- ;;_'. Q _.-

.
-_--_n_.---

.

_.' .7 ~:g- - __ - . .-

-
:_ , , . _ -

._ __& ,7. _ a - ~.=_ ~-.._a_. _ -
-

-.
-o=3 *_:-

- 31. 6, d').) k h. $. I C"*PUi! ( ?) - Rc'L.ish brown to < Tray ant tan silty'. cravelly,
2 A' O 3 W r. e. q ve ry sandy clay to sliohtly clayey sand; sand is fir.e to

. . - o O .:. . coarso grained;. fine to coarse grained gravel, scattere: ::ttles.
1 - 33.6

2-g -9i' --[ TILL - Reddish brown to pink and rJray, silty, sar.dy, slightly
-

*

. w- _ ~_ -' ,m gravc11y c)ay; occasional 1-2 inch sand rockets, gravelly_

4.5,
_ L '.' .? .Q- L to-ards base.,
:^<:' 4 _.:;'

_9aT'W2 J. ^.- [CM"ct:0 ALE roRIT D:; ..
*

- 3 8.I' - - - - - - Fe'.'CIS C::EEK S!:AL. "TvaER
l. S * jg; ~ i ,# ' '.b *. . CHA :::E:. SANDSTC::: - Weathered sandstone,

-39.6, 4 yi-t. -

unweattered eclo. control-

CON T ROL POINT: S- ? S
'

COORDIN AT E S 2 S 28 e 83 5 .

E 44 + 43
ELEVATION 560.6G'(MSL)

VERTIC AL SCALE 1"s S' *

,
.

Q3C.3-4, -
w .Tc tecxTrea or cocTren 2s is sncun on rrcerc

c ,'~ . ? ,,l,J' - 6g,nl:. a,.
- a as -.

fsan. .

u
- F16dk6 .m * C'.N - *-

@gc>gc SEc tws.

: f. sneer 20 a F w/ )
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- SECTION 31

.
SOUTH PORTION OF WEST WALL, OF EXCAVATION.

. . - .
.

. .
.

.

. .

em

0 DESCRIPTION-

z GR A PHICg
,

-

p. g LOG,

S E
O "

APPROX. EL E03 l'(MSL). .
'

. - - - -- TOPSOII. - Black, very sandy, silty clay with otganics
'

- l.6 ' - -

j, - PARK:x.D SA:.'O - Crange to orange-orown, loose, very salty,
very fine to fine sands sorm root fragrrents.

' - '; . . .
''

4.7* E . u~ , . . '
' . *
,t*' t ;..

,

. - 6.3
. . ? ~ . >

7,1, ,i.*; . .
*

.#
~

's.,
. ECUALI*Y TOPEATIO" - Cray to light brown, loose, fine- to

..J.< mediu-t
*

. -: . ..
grained sand; cross-bedded in places.~

.
, , ,

. y . 7 .* *. |''. '-| * , e *
.

r
, , -, ,

". . . . -. . . . ,

, '.'.,.'.'.*,s. ,

* . . , . . , . . .. .3. . .. ...* s ', ? .'
.

s
,

14 S* - . **
.. - ,*.,

** *; e, .,
. .

(s' *=

,
, ._ g, ..g a., cross-bedding

.,

- :. - clay-layer approximately 4 feet frors base, .

; y |N.: ,

*: _ . 2; . . ,

202 ce m-A:=su m baral lag arave 1, abundant cobbles and boulders i rl, . !!1.?''

,. , a ; 3 WrDFON FCR"ATION
- u- .- tit.L - Pinkish to brownish gray, screwhat sof t to loose, very

sanJy and sitty elay: so=e gravel, top I to 2' very gravelly.- -

*,. - - with ab 2ndant cobbles. Gravel most abundant near top and"" * *'
, bottom.

.o -,-
-

.
, , , * , , .

.,

-C..
*# -II.5* .'.- -* * * , ".** - .

6

am *.e.- :

,p
- --

- .

- .

-._, ,
.. - , **

, e... *

* * * * '*'
-3 2.7.'T 7- * , 0 .s ' c-"'.' -O':~tnSM - Crayish brown to tinht brown, loose, sil'ty sand and"

334 crav6 U sand r-ostly fire- to medium-gt ained, grivel fir.e to
y 3 -* ~ \coarsegrained.
.~ ' . ~.~ Q f 'rttL - cray to brownish gray, hard, silty clay with so.?e sar.d~ ~ .

4.7' .f, .. . ' . o. ,, 5 and gravelt scattered cobbles.
_-

M*o
-

o'- -
.

393* . . '* Q** ',, ' e basal outwash of aravelly, fine to coarse sind with,
-393* * * " ? ? ' '' I ^ ''

E0 3 "Am' '- * c r.i t *> r, 4 bou l s
' ers.

g $' , , , ':. ', CA l'.rd. D A L.~,
'

408' FRA!:CIS CrrEK SI!AI.T. !'r:CrR
APPROX. EL. 562.3'(MSL) Cita?"wt. s A?:nsic"C - weathered sandstone

VERTir AL SC AL E 1** S*

NOTES: 1) APPROXI" ATE LOCATIO!! OF SECTION 11 tr. Sf!OWN ON r!GURE . .

2) CONTPOL Po t* T WAS DTS*ftOYED IETOPP SI'rVrY tNC COULO DE Pr.RTOR>'ED:
THE ELt:'.*ATIO" OF T!!C Tor Or Tric werecN ro~.!tATILN WAS TAKEN ,

FROM FSAR r!GURE 2.5-29.
.

OffMbWOch S T O !I 0/J

F.v. . c
.
- .n

.

'

F3 Gwe 3 c 2. 3 - 2
' -

.

G E.0L O GIC St? TN5

[.S ){ EET .2| O F D )
'

4

. _ _ _ _ _ _ _ _ _ __ . - - _ _ - _ - - _ - - _ - -_.
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SECTION 33-

UNIT 2, SOUTH EXCAVATION v/At.L
.

(SOUTH CF UNIT 2 REACTOR) .

.

.

.

r

*
*

e
U DESCRIPTION
z - GR APHIC-

[ d- LOG
a.
een Z
O " TOP CF WALL * ... .

PAPirLAMD SAND - Orance to lioht brow 1, slightly silty to
.

to silty, p:orly graced very fine to itne sands hori: ental7. .-
,

i

tedding.
4 '- . * .'s . . % .

. - . .
*: * ,'

* ;.* t - .* '

| ~9. ..
*

' * . . - '.*.^ .
* * .. ;'. . . ,

. I2.S' /
*

.
**

.

* '** --*

s,4. . . .
*1:, ,- .,-

.~ ;.,. .* . y. ; .

..s- .'
** s

.

- ; s ,. ;, . . , . . .

. *:a
*e,s. . ..e,:. .'u*g

- *
1 .

12'5,
. .,

-

< . . ; j .. . .. , y.ct n- rm -*~1 - Gray-brcwn to ligS t brcen, poorly
graded, ine-to-redium-grained sand... ,, , , . , . ,

, . i@.T.P:-
* ' -; ..

. . 89' [-['"','[..' cross-bedded fron 2 to [ feet above botto-i
, .

.r **
.

; . .'' . . ,: * . ' ' *;
s ;1 i . .*** .,. . . . . .** -*

. o

, ./d,*c C 9 % *.' '.* scattered gravel an<. ccbbles *, war base (approxir.att el.*

i
-23 4 ~- _ _ _g-~,

. _ . _ . - ^% 577.O' taata
.:_.-__'- Mt'Of ON F C WisT W3
-~.d--l'c}_~_- TILL - Cray to brownish gray, hard, silty, clayey, slif.t*y
g __- _ _ _- 9 gravelly sand and sandy stit to clayey silt.
~_-:--_--
~_ .C - ._e _.

.

C. , , . . . - . c

M'f6.'*: ih .-. OU-*.AS!! - Light brown, loose, fine to coarse sand and fine'

I31' E _ _ - _ nr gravels scattered cebbles
- _qr _ _Z- _- TILL - Gray, pinkish gray, and brownish gray, hard, sandy,

_Q. -_ _ gravelly clayey silt to silty clays very sandy in places-

__ __. _ __

| . ~ . ~ _ . ~ . . - * _
| ; ~r= @&_= .

_

Q,~k{*[Q. ~ , OUD:AfH - Fir.e to coarse sand with gravel.'

_-_._:-__._.
--

- 34 0 Cl.iM;. D A LF. TO ::'A MG:4
' ~

' <- FP *d:CIS CR rK SFttp .vns3gg-
3 S, / C1!A? MEL S ANNTO':" - t'pper 2-feet veathered, gray,**

*
,

.,

friabic, fine-ta-redlun grainc t rands '.or.e: wes hered to
-3a o about 36.5 . ricor coveret with rutble.

'

VERTIC AL SC AL E I"s 5' .
I

.

NOTES: 1) CON fPOL poi?.7 WAS DESTROYED PF TOR TO SURVEYt':G. ELEVATICN
OF TOP Or WEDE0!! FOR?*ATION IS P RO!! FSAP. F'ICUTE 2. 5-29. )3.$ b . O '

e

2) APPROXIt'ATC LCCATION OF STCTN'i 3 3 IS S!!O'!N ON FICt'RC .

4

\
=

.
,

.

8R/nMm SfErzo n-
.

FsM
.

l m usE h ..n %..a~~. *% '\

t .

' * G20Lo62C SEG uMS

SHECT 22 CF 27)
*

| .

|
|

. . , , _ _. - ._ _ _ _ _ . . . _ _ . . _ _. -. ._. , . . _ . _ , . _ .
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SECTION 36.

UNIT l, EAST WALL OF EXCAVATION
.

.

.

. .
,

.

s
-

-
m

. en DESCRIPTIONw
GRAPHICg z

p y LOG
.

w I TCP OF' WALL
O " D 594 05'(''tSL) PA?KL.',?;D SA!:0 - Orange to light orang t sh-brown, loose,.,.

sliqhtly silty, very fine- to Itne-grair,cd sand; horire. tally*
a

1
gg . ,

* y.,m 42.; . ..

~ l.8 .; . ....p .e. t.0LAt.ITr FORrATIc:1 - Ligat crown to gray, loose, poorly

3,* M a, .
'

graded, fine- to redium-grained sand; cross-bedded in so:-e, * . i , , ,,f,..,

areas. s~

, . .
. s, a . . .. ; ,

<.

* . :- .
. '. s .

, . . .

g g.g* ;; *., . d. * f. .*
.

, , , . . . . . , .

. J. O f*.,,,- .

*..=.e . , ' ,*
,

. . . , , , .
,

clay layer apptoximately 1 inch thick
,,,,,?.*, .

'

,

. '.y; .

..,'....:!.'.*....

- H O' **'*I 10:0E lag gravel - s:nd and tyravel with cobbles, layer approxi ately'

K -S-E> =.-j\ ') . 5 feet t5iek i e, . 5 M . 9 5 * *

_ M 2-._- F -I hECE0:4 FJR:VJIG:1 . .

- K _ i. i d: h i I:lF!.*g - Gray to brcwnish gray, hard, sandy, gravelly, silty.

c / to clayey silt with scattered cobb1cs; very sandy inggr_-f _E-
_ _ _ - _ - - places,

%.o a c a a a
. - - _ - _ _ - y O'c UAst! - sand and gravel; approxir.ately C.5' thick

me__ .. ,x.
an- _ - - -

~. WKCT=~. -' ~ --_____._-;
*

|T8* ~~.~5Gfi =3
3-N56'O-Y 0 :"" DASH- gray to licht brown, loose, soft, silty, clayey,
hy,,) (q1f 1 gravelly sand with scattered coF51cs. sand is fine to =carse- $

**ILL - Gray to t rewnt sh gray, hard, jt a g ned,
o ra ir.cd , gravel pre h inataby fino_.2_.-._.-

gravelly, sandy, stit
h*~ ~4' ~_-G-2- -" T ~-- clay to clayey silt; scattered cobbles and boulders with

.%._ C-N__:E_ - glacial striations, a few joints.
.-- -- . - -

}42-I ~ -.-I _'_
.

-

,
+ . _ .:*- -- 7 CC*4T POL POINT i S - 36 .

I -[ _-~ _-2{- P
*

* CGORCW AT ES S 3O + 53. E 48 +37
g: Xr.;q ] ELE'sATIOM $63 C5' ('/.SL) .

-. . -m'- . 9| , y g.
9 'I OM30!WAL*' F09?ATION-32 6'
EL 562.25'(MGL) TP*J:CIS CRCEK Sil At : '*T?"1 ER
VERTICAL SCALE l's S* Cl!A :!;C'. SA::DSTo :r. - ::nthered sandstones unweathered below

elevaticn 562.25' ( VS t.)
i

NOTE: LOCATION OF SECTION 36 IS SHCU'i Cr FIGURf: 3 8 2,3-- | , *
*

.

.

BRmwm. srma
Psm .

I6uce Q 36 2. 3 -2
'

,,

* w % - . *

sheet a oF 27)
'' -
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SECTION 37.

1 UN'IT 2 SOUTH WALL OF AUXILIARY BUILDING-
~

-
.

m
$ DESCRIPTION
z GRAPHIC

N d LOG
n. -

. uJ "C
"

MUD MAT EL.538.74'(MSL) CARBONDALE FOR''ATION
Z _ ._; . g;; 5- FRANC'IS CREEK SEALE MEMSER.

2.4' , ,.1, 1-2_- _ _- _- . SILTSTONE- Gray, s1ight1y sandf,

W'KRM&M
" --T micaceous, shaley, blocky, lamina :d-2.4' -

MD~ siltstone; calcareous in places,
:1.J :1 ' ,' , . - , ' . scattered lenses of coal, sandstone,Vf;:,,'..' ( ,".-|

-. ." . ' :.Y. - and siderite pebbles.

y_ k..,. b. .y~
,.:--

T M,, . SANDSTONE- Gray, well cemented, thi n
:) : :./?.*. J.'. . ': to thick bedded, fine-to ned u~.-*

. .

S E5;tE5 N dfdE1 grained sandstone alternating t.::-
1.4' - < ' i .'-

. . ' coal beds to 1.5 feet thick and cen-
'.'.'; . U r? . . : ' .'.-; .'. .:' ' ' '.0 .''.~.':. c. lomerate beds with cravel and ces; _-.. .

,
. ' , - sized siderite concretions in sand--

v.i 's...'.I'.| S. ~ . . ... . ,.. . a h": . ''stone matrix; a few thin silts cne
.~ . -

, . J.,,

bO O's -
4 .

,

q, .: .% ,

. . .:3. . * .; . , . e .y_..1. :. . ,. . . . . . . .
. . .

W5~ '_? W W ......___ __ ;o C n N. R C L .o C t te... S _2.,,,-13 8 m-- .
o . . .

2. I '
.54_2 .--- ~~- _ ._i COORDIN ATES : S 31 - 53 7 5, E 4G + 03.59
_.~ - . ''- S 5 " ELEVATION : 529.94'(MSL)m,- _. _--a~- 15.9, ~ ~ ~ ~ ~ ~ - ~

APPROX. EL. 5 22.84'
VERT 10AL SCALE I,f MS,L) SILTSTONE - As above siltstone:S

.

NOTE: LOCATION OF SECTION 37 IS SHOh'N ON FIGURE Q362.3-l.

@gAIB wcob STAT:cN
FSAR

Fr6ves saa.3-a
GEotOsa.c .SL c I.u. s.

Siferv 24 oF 27 )
"

.
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~ SECTION 38.

UNITS I B 2-WEST WALL OF AUXILIARY BUILDING
. . .

.

.

.

sn
-

O DESCRIPTION* .

GR A P HICz *

f 3 LOG
= -

w I
U EL 562.99* {'ASL) CARBONDALE F0F*ATIC*!*

_ . - - . - FRANCIS CREEK SHALE *.E.*BER
~-T- ~ -Z- - ~ S I LET'N E - Cray, slightly sandy, rnicaceous, shaley,-

_ __ -_ _ blocky, Taminated siltstoner calcareous in places,
- _ _ - -

scattered lenses cf coal, sandstonc ard siderite
.

- - - pebbles* '

*
. _ _ - -

___ _ . - _ . _ - -__
e

_-__ .

_~ . .m
a -.s%._. , _s.4._ _.a._..

,

_

_-' *'_ . ~".

_ - - _ . - ' _ . -_

___ _ _ ~ _ _ - " - .
e .

__ _

~ 23.l* _~ _~_-}_~{
^

_ _ . .~, . =---

*
. .

s- _ - - - _ _ . .

-* - _ _-- _ ~

-C~-__ .
-

_ _ . " . ~ . . -. .

_ _ . _ . _ _ _ _ .
_

-_

_:__.--
. . - . , - " _ ~ ~ _ ~ _

_

_._

*
*-

_ m _=. .
_ _ - . _ _ . _ . _ . -

- * ~

-- ' _ _ . _ - '_'- ~- SANDSTONE - Gray, thin to thick hedded, fine to~~- --23f
s': - .,* ,* inedIb sandstenc: sor e coal teds to 0.5' thick, thin

* * " - siltstonc lafers, basal conglomerate co: cosed of
siderite pc hbles ranging in size from C.25 to 3 inc.es.*

. , , . . . . . . conglomerate is well cemented. Tnis sandstone pinches* '' ' *

7. 9' . J,,.,,, out to the north of the measured section.
:~e,. '.'-

*.

. a.; . ~ ,
*

..:. ....s .
.

,necru-?cm -

~ 310 t_.__.____,_ @ 3ILTsioNE - as upper siltstone
-_ __

_ _ _ _ _ . _ _

_ _ . _ _ _ _ _

_ - J- -. : CONTROL FO:NT' S-38
[--_-.,_~~_- COORCit,t.TES e S 31 + O2.I7, E 4 5 + 60.17

8.8' - _ - ~ - ' - . _~-
E L E VATION 531.9 9, ( MSL)-- --

--

. ._

~_~1._..
_ . . _ _ _ _ _ _~_- -_ __ _- -

' _ - _ - _ - -

- 39 8
FLOOR EL. 52 319'(MSL)
VERTICAL SCALE I"s t'

i 3:0TE: LOCATION OF SECTION SI(OW!. Ctt FIGURE 3 -- l,
.

!

| B enmum . wmu
! FSA R-

| r y.O U b, .s 8.3) , _3 /
,. . , - .

1--!
,

,

| Ga uccrc sancos-

[ *

SimET 25 OF 27.

_-_ - _- - - _ _ _- - _ - - - - - _ _ - - - _ _ - - _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ m _
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SECTION 39 .

'

[. , UNIT 2 SOUTH END OF TURSINE ROOM* -

..

m
0 DESCRIPTION
y GRAPHICz

H u LOG
1 -

w =
0 F CONTROL POINT: S-30

@ ELEVATICN:COORDIN AT ES: S 33 t SS, E 45 + 53.. 1 .2.;' .'", ! .' /. C. '560.04''*

2.5' .''''I',',',;*_ , ' ' ' , .' -
-

"r CI-- 'T~~~ CARBONDALE FOR'd.ATION- 2.5
Z--'_-___ FRANCIS CREEK SHALE .'! EMBER
_ _ _ . _ _ - - CHANNEL SANDSTO :E- Erownish-cra 7, fine-

-

- _i"i2_ E7___J to medium-crained, loosely cemented,Q
__~_:_r .c-_- micaccous, slichtiv silty, thin-to redit

97, *
- _ _ _ _ _ bedded sandstone; cccasional cross-heir.

~

_ _ _ __

~._-t.3-P_- _- -Z abundant coal seams to 4-inches chick,
~-

_ _ . . - _ _ _ thickly bedded near ton.'
, c . . gn=-_-

_. ._ _.- . .

-12.2 SILTSTON, - Greenish-cray, slientiv:.

FLOOR EL. 547. 81'(f.iSL) sandy, miCaccous, laninated, sbale;,
blocky siltstone; slichtly calcarecus
in places, widely scattered coal,

stringers.

G362.3-1.NOTE: LOCATION OF SECTION 39 IS SHOWN ON FIGURE
\

|
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SECTION PL-l
Pl[ELINE SECTION - EAST WALL OF TREtJCH

*
-

.

t .

M
g GRAPHIC DESCRIPTIOff
z LOG

I x
F o
O 5' DISTUREED SURFACE

F EL. 587.37'(MSL) .PARKLAND SAL'D- Oranc. ish-brown to c rance ,4
' y .?.s,..*~ w * * , .

.,h silty to verv silty, very fine-to cdium-. . . _ . . .2.s, . :., - - -+ _ . . .

,: c... . . . .;. arained sand...- .

_g3 .-. .

i.J J.. , ..' h e . t.O C AL l's Y F 0 FJ.isT I O .N,,.

t..Y," .'. ,-[ .f : l SAND- Brown to cray-brown, slightly silty,
.

64JO i ,"'-?2fa sand coarser toward base.
' '$ I " fine-to medium-crained sand; cross-hadded,.'3.2'

- 5.7 _ _ _ _ _ _ _ _ _ ___ n;g ppyg 3 _c;3.,,g., 33.,d and cravel; h0ulders_ __ .

- -- ~.i .~ r-^r E5 T' :n ciareter (551.67')
~' 'z--

2.5 r-
_. __m __ : __

- 8.2' ].] ,7,,.7,.~~ - WEDRON FOR'!ATION
1. s' f/( .' b y:.i.' 2.'f ' 'h TILL - Brown to cray-brown, silty, claye-

, .

-lo.d _ l ''.''__' g 'o sand; scattered cravel, cobble-to pa-

K - _ _E C_ --- sized clasts of reddish brown clav,

_ _C . LEH_. h less clay near top.
_

L~-
_

__
- , _ _

2-h --M CONTROL PO!!JT: PL-l-

8.2' '--_-_..:.- _- COORDINAT ES : 20| N CCcLYN LINE 2G- - " -- 15 ''' CO' U YN L!NE A..

~.~~E-- CO - ELEWTION : 577. 37' ( M S L )
-

L-- _. OUTWASH - Orange brown to brown, slichti.

f e._0 9 9 _-9_~_' r_ silty, medium- to fine-grained sand.w y . _ _-..( p

T_---C-Q'-- 2 =-4.J( TILL - Gray to gray-brown, hard, slightlye -

-18.2'
RUSBLE E L. 5 6 9.17 '' M S,L ) sandy, silty clay; scattered gravel,
VERTICAL SCALE 1: 5 cobbles, and boulders up to l' in diameter.

NOTE: LOCATION OF SECTION PL-1 IS SIIOWN ON FIGURE k362.3-|.

bR/6BW0ob bTATEM
Fse. R

F w se a3 R . 3-2
'

Q EOLo62c- S:!CT30135

(.9fET 17 CF 27,)-

,

_ __ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ . _ _ . ._ __. _
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SECTION SH-l.

SCREENHOUSE - SOUTri Walt. OF EXCAVATICN ?

.

*

.

..

. a
*m OESCRIPTIONw

GPAPHIC
*

*zg
5 LOG

L -

ORIG. GROUNO SURFACEW I
# EL. 599 O' (MSL)*

*

. . . . , . . , . .
P A F K L.'.:40 GAND - crange to orangssh-brawn, iccse. a G :, ,

3 ''..s'* J ''.)..
. - *.e'' very fine- to fire-grs.tned sand roots present near

'. * * * * . * ' . ~ . * surface. .

1 e .. .* *,. .. ' . . *..
..

. :'.'t..
.a ,

. . ,

. .. . ~| *
*

9 S* .l.c..'.,*.v..,*''.:.:
.

.
*. e s *

..n'.'.., . . * . . . " . . . _

.
. . . .
: .% : * . . . _

.~; r . ' ; , '.. f. .f.
*

* **e, .,...v
- 9.S,

.v * FQUALITY FO R.*'ATICy
7.gt,T.* . .' L.* e:- } .'. e *- !.f *.' " . .* . SAMD - Cray to lie t brown, loose, fine- to etoit.w
; J . '.' .4 , ., r *. . *.* ' , - gTaTned sand; cross-bedded.*

S.T, s'' h a -- - *

T. .i E., i. ~.C.E' ~r. E.

h'.. E
SILT

. -

$1.N.T'$ LAC CPNIEL - Abundant cobbles and boulders up to 1.0* i r.
. .,.

~ III. -i _--y__ __ N 4 i a ~e t e r ._ * _ _.--__- k.i.n PO:4 icFrr';C;-

s i ~-[-h.~-E TItL - Gray to bre.r.ish-cray, very hard, slightly sa 'y
__ _ .

.3- ~. - J-; to sandy, slightly gravelly, silty clay, scatteredQ
_

_. { ,' _-2,- cobbles up to 2* in dla: eter. ~- -
.

~--3.~- ~32.~ s
-

__u____._-
.~ o o _~
_-~O- .

- _. _ __
.~__-.o__,_ . _ - _ _ _ __- __. ___

~ - r J: L .

19 8 _ _ - . - - _ _ . _ .
*_c _.~. _| .~ S

-_____.:a__
- -

__
_ _ _ _ _ _ _ _ _

:. _5.- _~. __- CONTROL PCINT: !H-t . .

.~._----~-T._7 COORDIN AT E : 15*VIEST of CENTER trNE
-E .~~~ T _.E ELEVATION 565.8'(MSL)
-.~..-_2_-_.- ,

____o=
-~#- C ~~-~ ^

. Z.T.T .- C. - J' o t"".4 A S I! - Brownish-gray"to tan. fine-to-coa r'se grair.e 3
..

2_Q _. -- .Q~-fz_~ siiil, c ro s s-b e .!d ing , sc.ro cras11.# ~

~ ~ . _ . < , ~ - - Tit.f. - Gray to licht cray, har?, silty clay with sc
-

^~#^^- - s3Ed and <1 ravel; scattered cob: les, scattered lenses of35.6
WATER EL. 563.I'O/SL) fine- to redlun-grained graf send.

VERTICAL SC ALE I"s S'

| NOTE: IEN; ION Or SECTION SH-1 IS SliCW'I C'8 Firt1Rn (2. 3 -3

t
.

8 R/uthva cc 6 STtmcg
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- SECTION SH-2

.SCREENHOUSE - EAST WALT. OF EXCAVATION .

.

.

. s.
.

-.

.

* m
m*

- w DESCRIPTION
.z GRAPHIC

d 5 LOG
a. -

DISTURBED SUR'aC7
.

w I
* EL 591.79' (MSL ', ,

_

* * PARKLAND SAND - Peddiah-brown to orange, silty, veryq *. * .
*

. O ,, .* fine- to fine-grained sand.- 1 . . . .
* * * **- ..5.0* *

* ..,. ', t,, { *s * . . .

.' ? .
*

- 5*0'
**

.

*
.

. ,. . * C .V.T. * **. SAND - Gray to tan, fine to coarse sands cross-tedded,
. EQUALITY FCF.%'.TICN .

-

. . . ..

4.3, p''...**.*e,,'. lenses of organics and coal. f ragments.
.

.

* 7. l.? *. * :. * _...

- u. mm.twe Lac epAv-L - cr, vet t 6- eta .eter ectbles e tL. 592.49-)
* WEDRO*4 FG.V'.ATION. . . . .g'

TILL - Cray to bTownish-graf, hard, silty, slightly.**,h*, sandy clays scattered gravel and cobbles to J" in
.

.

* ** ,

.-| g ,* diar.eter.
' so .. .

,'o I * -#
. . ,

.
,

. .. .

, " ,, . ~14.O' , ' *-
* - *

.

o.- . .. * * * <9 .... .

.O..*

c * *. CONTROL F0f NT: SH-2* *
. ** *

.o " "' . '
COCRDIN AT E : 5'N COLUMN LINE CC- * * . .*. EL E VATION : 567.9 9' ( M5L)

O. O ,

.[ * . SI-233*
-238, . , , , , . - _ . . . , So;!T - Cray, slightly sandy siltmy . __ . _ _

sA3R - Brown to grayish-bro.sn. fine- to *ediu.-7rei ed.

3.O* ? '. i . ~. < . ' '
sands c arse near base, scattered gravel to h* diareter.

. . ' ' ' '
.

.

. .

- 26'8'
-2 rJ.:. -(12 TILL - Cray to brownish-gray, hard, slightly sandy,

"W -Z - _-/- silty clay with scattered gravel and cobbles.
5.0' }D~-Y--b' - * *

3C--P =-:+-:- \-

r-O-3Z+-*"_r
- 31.8'

'-

,

E L. 559.99 '( M S L )
*

VERTIC AL SCAL E I"= 5'
*

.hh 2 e 'htiOTE: LOCATION OF SECTION Sff-2 IS SHC..*N O*: FIGUPE
. ..

- .

-
.

BRMhwon' Sin ="
Fs,eR. I

.

Fxsum quhM
.

, c~;cte m.. . . l a:y
.

Ge ococ:c s e ct= io
.

: - .

,

(Gdc eT 2 . C. F 2,)
'

.

f ] r $/
. . . _ . - - . - . - - - . .
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. BRAIDWOOD-FSAR

QUESTION 362.4

"The coefficient of permeability, K, parameter of the
fine sand stratum was determined by laboratory tests on
reconstituted specimeau. These tests do not simulate
the in situ flow condition as in the case of a field pumping
test. Why didn' t you perform field permeability tests?

" Geologic Section 23 (Figure 2.5-50) and many borings
drilled within the limits of the project (presented in
FSAR section 2.5.4) reveal the presence of coarse grained
material in the bottom 2 feet to 4 feet portion of the
fine sand stratum. The gradation of the sand is from
fine to coarse size; fine gravel and cobbles are also
present. The cutface in the strip mining area, in the
immediate vicinity of the project, revealed the presence
of relatively more permeable material and showed marks
to suspect that water is seeping in the bottom 2 to 4
feet zone of the fine sand stratum. It is feasible that
the water from the Essential Service Cooling Pond (ESCP)
may seep down to the more permeable zone beneath and travel
horizontally. Does your seepage analysis cover this case?
If so, submit the details of your analysis. If not, justify
the rationality of your assumption that this seepage path
does not exist and present your plan to confirm that this
seepage path will not be operable."

RESPONSE

Laboratory permeability tests were per formed on samples f rom
the Equality Formation using the constant head permeability
test in accordance with ASTM D-2434. The Equality Formation
is composed primarily of fine- to medium-grained sands with

. some silt layers. In some borings and mapped sections, a
| 1 to 4 foot thick layer of coarse gravel, cobbles, and boulders
| in a fine- to medium-grained sand matrix occurs directly above
I the clay till of the Wedron Formation. Table 2.5-24 provides
! a summary of permeability tests performed on samples of SP
'

and SM material from the Equality Formation. A total of 31
samples of the Equality Formation were tested using the constant
head permeability test. ThepermegbilitiesfortheSPang~

cm/sec to 3.658 x 10-| SM material ranged from 7.37 x 10
cm/gec with an average permeability of approximately 6.7 x
10- cm/sec. Comparing these values with published data on
coefficients of permeability for sands and gravels indicatesi

! that the coefficients of permeability determined through labora-
tory testing were within the range of the published d.ta.
Therefore, it was concluded that any further field resting
could only provide a slight improvement of the laboratory
values and that a fiald pumping test would not be required.

Q362.4-1
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|
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BRAIDWOOD-FSAR

The fine-sand stratum is referred to as the Pleistocene-
age Equality Formation. The upper few feet of the deposit
is a fine sand, generally containing less than 15% silt,
and having a consistency ranging from loose to medium dense.
Below a depth of approximately 15 feet, the sand generally
contains less than 5% silt, and has consistency ranging
from medium dense to dense. Locally, coarse gravels, cobbles,
and boulders in a fine sand matrix occur in a 1 to 4 foot
thick layer overlying the Pleistocene-age Wedron Formation.
h review of 354 boring logs and 31 mapped geologic sections
indicates that the basal lag gravel is not continuous over
the entire site area. The coefficient of permeability, K,

of the Equality Formation, as determined by laboratory _4
constant head permeagility tests ranges from 3.658 x 10
cm/sec to 7.37 x 10 cg/sec with an average K value ofapproximately 6.7 x 10- cm/sec. Even though the basal 1 to
4 feet of the Equality Formation contains coarser material
than the upper part of unit, the coefficient of permeability
of the lower few feet will be near the average K value as
the fine sand matrix is controlling the coefficient of perme-
ability. In an unconsolidated deposit, the permeability will
decrease for a given diameter as the standard deviation of
particle size increases. The increase in standard deviation
indicates a more poorly sorted sample, so that the finer
material can fill the voids between the larger fragments.

The discussion of the Equality Formation exposures along
a vertical strip-mining cut (Subsection 2.5.1.2.4.1.1.2)
does not mention the presence of materials that is more
permeable than the azerage Equality Formation sands. The
groundwater founi in the Equality Formation is underwater
table conditions meaning that water infiltrates downward
through a permeable unit due to gravity. This groundwater
continues its downward movement until it encounters a less
permeable unit. Once it encounters a less permeable unit,
it will move downgradient to a discharge point. In the case
of the seeps observed at the base of the Equality Forma-
tion, in the strip-mine cut, groundwater is infiltrating
downward through the sands of Equality Formation until it
reaches the aquiclude formed by the less permeable Wedron
Formation clay till. The groundwater is then discharged
as seeps along the cut face of the strip mine.

As stated above, the coefficient of permeability, K, of
3the Equality Formation averages approximately 6.7 x 10

cm/sec. Due to the sand matrix of the coarser basal material,
the permeability of the lower part of the Equality Formation
is near the average value. This, combined with the fact
that the basal lag gravel is not a continuous deposit, indi-
cates that the basal lag gravel does not exist as a seepage

0362.4-2
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path of higher permeability than the remainder of-the Equality
Formation. Therefore, the methods of seepage analyses and;

i ' analysis ~ conditions' discussed in Subsections 2.5.6.6.1 and
2.5.6.6.2 are valid as this seepage path does not exist.
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QUESTION 362.7

"What is the value of the coefficient of lateral earth
,

pressure at-rest used in your design for the compacted
backfill around the structures? Describe any conservatism
involved in your earth pressure computations. Provide :
plots of earth pressure vs. depth used to design subsurface '

walls of various Category I structures."

RESPONSE

Figures 0362.7-1 and Q362.7-2 detail the lateral earth !

pressure plots versus depth for the auxiliary building and
the lake screen house. Hydrostatic pressure on Category I
structures are computed as detailed in Braidwood FSAR
Subsection 2.5.4.10.1.3.1. The total static lateral pressure
was obtained by combining soil and hydrostatic pressures.
The response to FSAR Question 362.7 concerns only lateral
earth pressure under static conditions.

The coefficient of lateral earth pressure at rest is 0.88'for1

the compacted granular backfill around Category I structures.

Sources of conservatism in our earth pressure calculations
are listed below:

1. All Category I subsurface walls and foundations are
designed for a uniform construction surcharge load of
1,000 psf applied at grade for the normal loading con-
ditions. Under normal plant operation conditions this
surcharge load is not present.

2. The coefficient of lateral earth p sure at rest, K,-

for compacted granular backfill nd rigid walls isi

a function of the angle of internal friction, p. For
the recompacted sands at Braidwood Station, the 9 angle
is 34*. This is a conservative number for compacted
sand. Therefore, the coefficient of lateral earth pressure
at rest, K, for compacted granular backfill behind rigid
walls is conservative.

3. The coefficient of lateral earth pressure at rest for
a sand with in angle of internal friction (p) of 34*
is 0.44. To increase the coefficient of lateral earth
pressure at rest for the effect of compacting the soil
in lifts the 0.44 coefficient was increased by a factor
of two to give a coefficient of 0.88.

- Q362.7-1
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QUESTION 371.12

" Provide details of the canal or channel that connects
the river screenhouse to the central river channe.'.
Also, provide an expanded rating curve (c the intake)
for flows from 0 to 2,000 cfs."

RESPONSE

Figure Q371.12-1 shows the details of the channel that connects
the river screen house to the central river channel. Figure
Q371.12-2 shows the rating curve.at the intake for low flows.
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QUESTION 371.14

" Provide detailed cross-sections of the river intake'

structure that clearly show the relationship between
; the invert elevation of the intake flow and/or sump

flow, the invert of the dredged channel, the central *

i river channel, minimum river levels and pump submergence '

i requirements."
'

,

i RESPONSE
!

The detailed cross-section of the river intake structure
is provided with the response to Question 371.12.

Minimum pump submergence requirement is 22-1/2 inches.
The pump intake is about 15-1/2 incher above the bottom

4

j of the sump which is at elevation'660 feet 6 inches.
:
i
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QUESTION 371.15 !

i" Provide the results of the 1978 pumping tests on well
W-1 and a description of well modifications done as
a result of the pumping tests."

RESPONSE

Refer to r'evised Subsections 2.4.13.1.2.3, 2.4.13.1.2.4,
2.4.13.1.2.5, 2.4.13.1.3, and 2.4.13.2.5.

.
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QUESTION 371.16

"You state in Section 9.2.5 that the river.screenhouse
, base mat elevation is 663.5 feet msl. However, in figurc
'

l.2-16 the base mat elevation is shown at elevation
; 664.0 feet msl. A resolution of-this inconsistency

is necessary."

L

RES PONSE g)
:. F,

Amendment 31 to the BYRON-FSAR reflects a top of base mat
elevation equal to 663 feet 5 inches.
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QUESTION 421.21

"The response to question 421.20 is unacceptable in
that it does not address Regulatory Positions C.5, 6,
7, 8, and 10 of Revision 1 of Regulatory Guide 1.58.
The response to question 421.20 refers to 'the revised
compliance to Regulatory Guide 1.58'in Appendix A of
the FSAP.' Appendix A of the FSAR (Amendment 28, October
1980) does not recognize the issuance or address Revision'

1 of Regulatory Guide 1.58 (September 1980). Commit
to meet Regulatory Positions C.5, 6, 7, 8, and 10 or
indicate any specific positions which will not be met
during the operations phase and describe your proposed
alternatives."

RESPONSE

The compliance to Regulatory Guide 1.58 in Appendix A has
been revised to addecss the items discussed in this question.
Refer to the revised compliance for a response to this question.
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groundwater movement radially outward. The piezometric surface
generally reflects the ground surface, as expected in a water-
table aquifer.

In the site area the Galena-Platteville dolomites are recharged
by precipitation through the overlying glacial drift and
discharge into the Rock River and its associated tributaries and
in shallow domestic wells.

Water from the Galena-Platteville dolomites in the area is'

generally hard. Therefore, although it might be possible to
obtain 10 to 50 gpm of hard water from the limestone with less
than 200 feet of drilling, deeper drilling for softer water in
the sandstone might be more economical. Relatively low yields,
water hardness, and susceptibility of the aquifer to
contamination because of thin drift, fractures, and solution
channels do not favor development of the Galena-Platteville
dolomites.

2.4.13.1.2.3 St. Peter Sandstone

Below the Galena-Plattaville dolomites are the thin shales, sand-
stones, and limestones of the Glenwood Formation. This unit
grades down into the thick sandstones of the St. Peter Sandstone.
The Ordovician-age St. Peter Sandstone is permeable and has a
relatively uniform lithology throughout the area. In the
regional area , the St. Peter Sandstone is discharged primarily
through wells for small municipalities, subdivisions, parks, and
several industries that have water requirements generally less
than 200 gpm (Table 2. 4-2 2) .

Numerous wells in the site area obtain water from the St. Peter
Sandstone. A well in the southeastern quarter of Section 12,
just north of the site, encountered the Glenwood Formation at
225 feet and the St. Peter Sandstone at 235 feet. The well was
finished in 65 feet of the sandstone. A well in the western part
of the site encountered the Glenwood Formation at 183 feet,
penetrated the St. Peter Sandstone at 205 feet, and was finished
in sandstone at 275 feet.

The uneroded thickness of the Glenwood Formation in the area
ranges from about 18 to 32 feet. The full thickness of the St.
Peter Sandstone in the area is about 420 to 450 feet. Artesian
conditions prevail, and the static level is above the top of the
sandstone unit. Based on available data, the average specific
capacity of 17 wells within 2 miles of the site finished in the
S t. Peter Sandstone is about 2.7 gpm/ft of drawdown.

If the overlying Galena-Platteville dolomites were cased off and
the casing extended through the Glenwood Formation into the
sandstone, softer water than in any of the overlying units should
be obtained.

2.4-23
.
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2.4.13.1.2.4 Ironton and Galesville Sandstones

Deep-well logs in the area suggest that the Prairie du Chien
Group is locally missing and that Cambrian-age dolomites
of the Eminence Formation, Potosi Dolomite, and Franconia

, Formation underlie the St. Peter Sandstone. These units
have a combined thickness of about 225 feet in the regional
area. The onsite deep wells confirm that the Prairie du
Chien Group and Eminence Formation are missing at the site.
The combined thickness of the Potosi Dolomite and Franconia

| Formation at the site is about 125 to 140 feet.
i Below the Franconia Formation are the Ironton and Galesville

Sandstones comprising a portion of the aquifer which is
about 150 feet thick in the regional area. In the site
area, the Ironton and Galesville Sandstones are about 105
to 115 feet thick. The sandstones are discharged primarily Ithrough wells to industries and municipalities. Regionally,
the Ironton and Galesville Sandstones are considered the
best bedrock aquifer in northern Illinois because of their

{consistent permeability and thickness (Reference 18 and
| Table 2.4-22). Yields on the order of hundreds of gallons
| per minute may be obtained from the Ironton and Galesville

.

Sandstones in wells less than 1000 feet deep. As reflected |by the relatively high specific capacities of the Byron
Station wells, the Ironton and Galesville Sandstones are
a major water-producing zone in the Byron Station wells. |Results of water quality analyses on samples collected from

! the onsite water supply wells'are presented in Table 2.4-23.
!
'

2.4.13.1.2.5 Mt. Simon Sandstone

Below the Ironton and Galesville Sandstones is the Eau Claire ; lFormation, about 405 feet thick. The basal part of the 1 |Eau Claire Formation and the underlying Mt. Simon Sandstone
|

(which is about 1430 feet thick) form the basal Cambrian- | |
< age Mt. Simon Aquifer. Wells yielding many hundreds of'

gallons per minute have been finished in the*Mr. Simon Sandstone, |which contains fresh water to depths of about 2000 feet
1 (Reference 19). It is recharged in outcrop areas in Wisconsin
| and from vertical leakage from overlying aquifers. The

Mt. Simon Aquifer is a major water-producing zone in the
Byron Station wells. Water cuality analyses for the wells
are presented in Table 2.4-23.;

2.4.13.1.3 Onsite Use

Two groundwater wells have been installed, developed, and
tested at the plant for potable water supply and for demin-
eralizer water. The groundwater will be filtered and stored in

2.4-24
*
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a 150,000-gallon storsge tank prior to usage. The two plant
wells will also serve as a backup system for makeup to the
essential service water cooling towers.

Water for the demineralizer will be required et the rate.

of.about 825 gpm for the first several monthr., and thereafter4

I at an average rate of 450 gpm. Cn the basis of 50 gallons
',

per capita per day and a design population for plant personnel
of 300 people, the average annual groundwater potable supply
required will be 15,000 gallons per day or about 10 gpm.
Considering monthly, daily, and hourly above-average demand,
the potable water supply developed will be on the order
of 20 gpm. In the unlikely event that makeup to the essential
service cooling tower is not available from the Rock River,
the groundwater wells enould provide a maximum of 1600 gpiad

for the duration of safe shutdown. The demineralizer and
potable water use would not be additive to the 1600 gpm use
as they would not be required simultaneously.

The two Byron Station deep wells (W1 and W2) were completed
in the Ironton and Galesville Sandstones of the Cambrian-
Ordovician Aquifer in 1974. The locations of these wells
ace shown in Figure 2.4-24. The wells were cased through
the Galena-Platteville dolomites as indicated in Table
2.4-29. The water wells were open from the Ancell Group
through the Ironton and Galesville Sandstones; as noted
in Figure 2.4-23, the Ironton and Galesville Sandstone were
the major producing zones. Grouting at the Byron Station
did not extend into the formations open to the site water
wells; therefore, the specific capacities are unaffer:ted
by onsite grouting.

The specific capacities obtained during well development
pumping tests were 10.3 gpm/ft of drawdown at 620 gpm for
12 hours in Well 1 (east well) and 9.6 gpm/ft of drawdown
at 1150 gpm for 24 hours in Well 2 (west well). The pumping
rate for Well 1 was relatively constant for the initial
12 hours, then was varied between 433 and 930 gpm durina
the last 12 hours of the test. The pumping rate for Well
2 was relatively constant for the entire 24 hours.

In addition to the Byron Station water wolls, a temporary
water well (TN-1) was installed for construction supply.
The location of this well is shown on Figure 2.4-24. The
well construction was as follows: 16-inch diameter cased
borehole to 30 feet, 15-inch diameter open borehole to 271
feet, and 12-inch diameter open borehole to 600 feet. This
well was primarily open to the Galena-Platteville dolomites
and the St. Peter Sandstone. The specific capacity of this
well was 4.4 gpm/ft of drhudown at 840 gpm after 24 hours.
The lower specific capacity say be attributed to the smaller
borehole diameter and the 1cwer productivity of the upper
portions of the Cambrian-Ordovician Aquifer.

2.4-25*
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Two water wells were installed to provide water for the
grouting operation. The wells are presently capped and
are not in use. Well TW-2 is an 8-inch diameter well cased
to 24J feet and open borehole to 505 feet. Well TW-3 is
an 8-inch diameter well cased to 241.5 feet and open borehole
to 500 feet. Pump settings are at 240 feet and 241.5 feet,
respectively. Both wells produce water from the St. Peter
Sandstone.

An aquifer pumping test was performed in November 1978 in
order to demonstrate the ability of the station deep water
wells to provide make-up to the essential service water
system during the 30-day period for safe shutdown. The
aquifer pumping test consisted of pumping water well
W-1 at a continuous rate of 840 gpm while monitoring groundwater
levels in water well W-2 (Ironton-Galesville Sandstones),
the grouting supply well TW-2 (St. Peter Sandstone), and
an observation well TN-4 installed in the Ironton-Galesville
Sandstone approximately 300 feet from water well W-1 on
the line connecting wells W-1, TW-2, and W-2, The aquifer
pcmping test consisted of a 22-hour pumping period followed
by a recovery period of one and one-half nours. Locations
of the wells are shown in Figure 2.4-24.

The aquifer pumping test results indicated that the aquifer
transmissivitwas 2.0 x 10 y was 20,000 gpd/ft, the storage coefficientand the specific capacity was 8.5 gpm/ft.,

The results also indicated that the pump setting would have
to be deepened and that the specific capacity had decreased
15% since the well was first installed. On the basis of
subsequent caliper logging and well depth measurements,
the apparent decline in well productivity was attributed
to caving from the St. Peter Sandstone with blockage of
the productive aquifer in the lower portion of the well.

Well modifications performed in wells W-1 and W-2 after
the 1978 pumping test consisted of reaming and casing *f
the caving St. Peter Sandstone, deepening the wells thro sh
the Ironton-Galesvillle Sandstones and into the upper portion
of the Mt. Simon Sandstone, increasing the pumps' lift-capacity,
and lowering the pump settings by 100 feet. Deep well
construction details are summarized in Table 2.4-29 and
presented schematically in Figure 2,4-29. The modified water
wells are open from the Franconia Formation, through
the Ironton and Galesville Sandstones, and into the Mt.
Simon Sandstone. As noted in Figure 2.4-23, the Ironton
and Galesville Sandstones and the Mt. Simon Aquifer are
the raajor producing zones.,

,

; 2.4-26
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The specific capacities obtained during well development
pumping tests in the modif;ed wells were 12.3 gpm/ft of
drawdown at 1330 gpm for 12 hours in Well 1 and 12.2 gpm/ft
of drawdown at 1210 gpm for 9 hours in Well 2. Whereas
the pumping rate for Well 1 was relatively constant for

i the entire 12 hour test, the pumping rate for Well 2 was
" relatively constant for only the initial 9 hours, then was

varied between 1200 and 1600 gpm during the last 3 hours
of the test. The available drawdown in the two wells is
approximately 125 feet based on a static water level of
225 f eet and a pumping le/e1 of 350 feet.

An aquifer pumping test was performed in July 1980 after
the well modifications were completed in order to demonstrate
the ability of the modified station water wells to provide
the required make-up to the essential service water system.
The test consisted of pumping Well W-1 at 790 gpm for 24
hours. Drawdown and recovery were again measured in Well ;
W-2. The test results indicated that the aquifer trangmissivityis 40,000 gpd/ft, the storage coefficient is 2 4 x 10 -

.

and the specific capacity is 13.2 gpm/ft.
2.4.13.2 Sources

2.4.13.2.1 Present Regional Groundwater Use

Most of the water for domestic, municipal, and industrial
use in the region is obtained from groundwater sources.
The major unit is the St. Peter Sandstone within the Cambrian-
Ordovician Aquifer, although minor supplies commonly are
obtained from the shallower glacial drift and dolomite aquifers.
There are seven public water supply systems within 10 miles
of the plant site. All use groundwater wells for water
supply. All obtain their supplies from the Cambrian-Ordovician,

i Aquifer or the Mt. Simon Aquifer, which are dependable and
capable of high yields. Table 2.4-22 lists and gives details
of each of the seven public water supply systems (Reference
20). The locations of the public pumping centers are shown
on Figure 2.4-25.

The total groundwater pumpage in Ogle County ws 11.82 mgd
3 in 1965, the highest during the period from 1960-1970.

After 1965, pumpage declined at an average rate of 240,000
: gpd per year until 1970. In 1970, total pumpage in the

county was 10.62 mgd; of this total, 12% was from glacial
drift wells, 20% was from shallow dolomite wells (Galena-
Platteville dolomites), and 68% was from sandstones wells
(Cambrian-Ordovician Aquifer). Pumpage for public supplies
in 1970 accounted for 53% of the' total groundwater withdrawal
in Ogle County. All recorded public pumpage is ftom sandstone

: wells (Reference 21).

|
2.4-26a
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A piezometric surface map of the site vicinity, as measured in
i the Galena-Platteville dolomite, is shown in Figure 2. 4-24. As

she.z. on the map, the main plant structures are situated on a
recharge area of the Galena-Platteville portion of the aquifer.
The aquifer is recharged by direct infiltration of precipitation
through the overlying, thin glacial drift. The Galena-
Platteville dolomites have little primary permeability and
precipitation moves downward from the overlying drift into
solution enlarged joints that provide secondary permeability.
Groundwater flows radially from the site, but the principal
discharge boundaries are the Fock River to the west and northwest
of the site and Black Walnut Creek to the east and southeast of
the site.

i

Table 2. 4-26 lists recorded active, domestic, or agricultural
groundwater wells east of the Rock River with 2.25 miles of the
site. These wells are primarily completed in the Galena-
Platteville dolomites. Figure 2.4-27 illustrates the location of
each well within 2. 25 miles from the plant site. Domestic and
agricultural well ; west of the Pock River are not shown on Figure
2.4-27 because the river is a common discharge boundary for
wells, east and west of the river, which are completed in the
Galena-Platteville dolomites.

!

Pump tests were performed on June 20 and July 2, 1974 in two
domestic water supply wells that are completed in the Galena-
Platteville dolomites. These two wells are located at the
western edge of the site along Razorville Road. From the pump
tests, aquifer parameters were derived based on July 1, 1974,
piezometeric levels. Based on estimated saturated thicknesses of
111 feet and 90 feet at these two wells, the hydraulic
conductivity of this portion of the aquifer was 6.3 gpd/ft2 and
22.2 gpd/f t2 respectively. The effective porosity of this
portion of the aquifer is estimated to range from 0.05 to 0.10.

,

2.4.13.2.4 Future Site Groundwater Use

There are no anticipated changes in the present pattern of
groundwater use in the site area.

| _ __
2.4.13.2.5 Ef fects of Plant Grcundwater Use

| The projected effects of plant groundwater withdrawals of,

'

approximately 470 gpm have been evaluated using the Theis
equations (Reference 25) with assumed values of 17,000 gpd/ft
and 3.5 x 10-4 for the coefficients of transmissivity and storage
(Reference 18). The projected effects were reevaluated using
the values of 40,000 gpd/ft and 2.5 x 10-4 determined from the
1980 aquifer pumping test. Theoretical distance-drawdown and'

time-drawdown curves were constructed in order to determine the
anticipated shape of the cone of depression and the radius of
influence of the Byron Station wells. These theoretical curves
indicate that the Byron groundwater withdrawals should not impose4

' measurable interference drawdowns on the nearest public water

2.4-29.
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supply wells completed in the Cambrian-Ordovician or Mt. Simon
Aquifer. Indeed, the groundwater withdrawals at the Byron
site will intercept groundwater that otherwise would naturally
discharge from the aquifer into the Rock River.

The effects of pumping from Byron Station water wells will be
minimal on domestic wells completed in the Galena-Platteville
dolomites. As described in Subsection 2.4.13.2.3, the Galena-
PlattA ille dolomites in the site vicinity are hydraulically
sopraated from the lower portion of the Cambrian-Ordovician,

Aq.ifer by the Harmony Hill Shale Member of the Glenwood
Fermation. In addition, the Byron Station water wells are
c,ased through the Galena-Platteville dolomites and the underlying
Ancell Group (St. Peter Sandstone). Groundwater in the Galena-
Platteville dolomites is perched on the Harmony Hill Shale
Member and initially water levels in this aquifer will not be
lowered by pumping for daily plant use from the lower portion
of the Cambrian-Ordovician Aquifer and Mt. Simon Aquifer. As |
pumpage from the plant water wells continues with time, minor
vertical leakage may occur through the Harmony Hill Shale Member.
If recharge by rainfall infiltration is not considered, water
levels in domestic and agricultural wells in the site vicinity
may be lowered slightly as a result of long-term pumping of

1 groundwater from the Byron Station water wells. Measurements
made during the 1980 aquifer pumping test verified that the,

i offsite drawdown effects in the Galena-Platteville dolomites
and Ancell Group (St. Peter Sandstone) will be very minor.

2.4.13.3 Accident _ Effects

As described in subsection 2. 4.12, the largest tanks located
outside the containment build'ing and containing radioactive
effluents are the boron recycle haldup tanks. These tanks are
located in a portion of the Seismic Category I Auxiliary Building
where the floor elevation is 815.0 feet. Each of the recycle
holdup tanks has a capacity of 125,000 gallons. The fesign-basis
radionuclide contcnt of each tarx is given in Table e.4-20.

The plant grade elevation is 869.0 feet. The site area
4

piezometric surface map, as measured on July 1, 1974, showed a*

groundwater elevation of approximately 040.0 feew. However,

taking seasonal variations into account, it is conservatively
assumed that the groundwater elevation at the time of the
postulated accident would be 799.0 feet. The nearest offsite
downgradient groundwater user is located at about 1960 feet from
the auxiliary building (Well 55, Figure 2.4-27) . The prevailing
hydraulic gradient between the Auxiliary Building and the nearest
well is 0.023. There is a spring located at a distance of about
3630 feet downgradient from the Auxiliary Building. The
hydraulic gradient between the Tuxiliary Building and this spring
is 0.011 which is flatter thia the gradient to the nearest
offsite well. It is, therefore, concluded that the critical path

'

2.4-30.
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of mo'vement of accidentally released ef fluents will be from the
Auxiliary Building to the nearest downgradient offsite well. It
is anticipated that there will be no future groundwater user
within 1600 feet of the A'uxiliary Building. Therefore, the
results of the analysis of accident effects for the existing well
are valid for any future welle also.

'
.

.

i

.

1

i

!
-

.

.

:

i
i

2.4-30a-
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TABLE 2.4-21
. . . . .

-

GENERALIZED SITE IIYDROGEOLOGIC COLUMN1

APPROX. APPROX. APPROX.*

DEPTil DEPTII TO TIIICK-
UNIT TO TOP BOTTOM NESS HYDROGEOLOGY

(ft) (ft) (f t)
Glacial drift 0 16 16 Not an aquifer

Cambrian-Ordovician Aquifer * 16 915 900 Major aquifer !

Galena and Platteville Groups 16 200 190 Minor unit ,
" <

St. Peter Sandstone 225- 675 450 Important unit $ 1
.

a
| z
g Ironton an'd Galesville Sandstones 805 915 110 Important unit- y

8

>-
:o

Eau Claire Formation 95 1320 405 Not an aquifer

Mt. Simon Sandstone 1320 2750 1430 Important unit,.
salty at depth

-*Only the most important units are listed.
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TABLE 2.4-23

WATER QUALITY DATA - BYRON STATION WATER WELLS

December July December
1974 1980 1974

BYRON WATER BYRON WATER BYRON WATER
WELL 1 WELL 1 WELL 2

., '

(EAST) (EAST) (WEST)-
1

Calcium; mg/l as CACO 150.0 153 143.03

Magnesium; mg/l as CACO 119.0 144 139.03

Sodium; mg/l as Na 4.6 2.6 3.6

Potassium; mg/l as K 3.4 ----

Total Alkalinity; mg/l as CACO 301.0 301 320.03

Sulfate; mg/l as SO 5.5 8 5.14

Chloride; mg/l as C1 ?.2 <1 2.7

Nitrates; mg/l as NO 7.8 <0.01 <0.13

Silica; mg/l as SiO 5.1 9.1 8.12

Total Dissolved Solids; mg/l 96.0 32S 582.0

Conductivity; u-mohs at 25* C 502.0 600 542.0

Iron; mg/l as Fe 0.30 0.46 0.28

Manganese; mg/l as Mn 0.01 0 02 <0.01
;
'

Turbidity; FTU 20.0 8.0--

pH at 25' C 8.0 7.,3 7.6

Total Organic carbon; mg/l 5.0 -- --

Carbon Dioxide; mg/l as CO 8.0 38 30.02,

1. Groundwater samples collected December 1974 were analyzed
by Aqua Systems Corporation, Chicago, Illinois.

2. Groundwater samples collected July 1980 were analyzed
by Aqualab Inc., Streamwood, Illinois; except conductivity,
which was measured in the field.

l

2.4-60.
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' TABLE 2.4-29 . ,/
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-e

DEEP WELL CONSTRUCTION DETAILS .et4
p%- .'

- *
.e . .

e *. . . . . . . . . . . . . . . . . . . ~ . . . . .

. .

'
.

t

.

.
.

.

* Fuer Test Date ,

.

Spectite Pumping Static Water
Elevetten. Date Well Depth. Diameter. Capacity, hete. Durettee 43) Levet.

Welt (t) tCent eted Ft taches Date - gre /f t as e teoere it (Dete) Ceesheete1.ec et ten Ft. set
.

De.p n s t i;.N. Riot. 8?S.5( ' Des en.be r 19 74 0 20' 26" Cased 12/74 10.3 620 12 185 (12/74) Francleal pe h esteg sette
w. t ;t/s. tJtJ'W. ht 0 241' 20" Co.e4 't/78 S.5 e,0 3 1/2 346 (II/7e) are St. Fe t e r 'e d sttre.e

Leest we t t ) sE %E NE Lec 24 Ortsteel 248 462' ' 89" Ope n end wpper porta == et Isostes- d
Crede 462.a) * 15" opes Cate s.u te seuet nee. M

11 + 01 N 876 O.

e + 20 E June 19140 0 700* te' sesed 06/80 12.3 1300 12 387 (06/mo) Z
m nt Gerdteatee) 834 4500' 1)" opee 07/e0 13.2 790 24 224 (07/so) hell e.dtfled te stee. g I ,*

te 4a. spel 9s* *w tae sotto
..e i,.e..e C.....line y
SeeG* t ome s see ae t . S t .e g

1

*
eqvttet. g

.:;-
N Deep kett I.N. M10E. 8 70.4( } October 1974 0 20- 24" Cased 11/74 9.6 1850 24 137 (11/76) ra i se s pel p r.Jos tes entte

%. 2 M 's $Jo*f. W 02W 20" Caned 298 (11/78) ese St. Petes seedsteme.N te,eet sell) +4 v.'SE sec 24 Osicleet 230-549' 19" Open eos eq pe r p e t s. of t reetos-
CreJe 549.a53' 15" Ops-= cele s.itle See Jstee s. .

.

+ + l '. M 4 'O .

If + *0 E Decee.ber 1979 0 700* 16" Cee.d 12/79 12.2 1210 9 1/2 206 (12/79)
(Pteet Coordtsetes) 853-1500' 12" cree 218 (07/60) b.11 w elfled to 19?9.''

Falecipet predwcaed wette
* are treatee Ce;esville

SeeJstomes sad hs. Steve
Aq lles.

,

vtpq

* e t t %e. 2 s .s es tited be fore we t t Ee. It therefore, early dettttes records en ftte witit ttse Illteele1 . ,

St a te Geol. e.h ot Sersey have reversed wet t saa.her s, t.e., well No. 2 is "well No.1."
,,

2. seesered at e$pofpitteseadoptercasted.

3. D.settoe eefeen to porttee of test used to calculate spectits cepecity. Total test deretten eay *

e., teen t . .: t%ee leJiteted. . . . ,, . . . ... .

.. t . .- a . e ..et ti.e.s t at s of 10.s te e ty s on J ech son sub.er.t bl e pe=ps t est a t t ed 412 f t. .t. ep.-

.

w .a ..b tesel is 3*,0 ft. Avattelle drewdown is appeneleetely 125 ft.
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DEPTH, FEET
"

*/, GROUND SURFACE
, ,

\
*o- -- -

' 'I [N ,'cC 24 inch diameter cesing,
*

GALENA- 3 M. o ,| 0,( - 23 inch diameter groutec nc!e=
100 - PLATTE- $*f$.; 3C

# '4
20 incli dimeter casing-

VILLE ,c N.,.
s ,.

.

DOLOMITES /g, 3 3_Lg c,
-).

.

200 - 'f y p 5 ..
., o v g VG o.-

-

~ ~na NON- so-
1' PUMPING 'C ~

300 - ) *o
* WATER '* u 19 inch diameter grouted he!e
L o. . LEVEL >6l-

.' .' '
,

# '

GL E N WO'.)D. [d PUMP 74og_
ST. PET ~R i?j wwmw *k -

h@3
SANDSTCNE O cc2

;.C(500-
,

>c
,,

,o

'ol c3 (
'

600 - POTOSI e )b
-

.~"
DOLOMITEh Qe O

-

' ' *^-
*700-

FR A NCONI A -

FORMATION
600- '

IRONTON -
a 12 r 15 inch diameterGALESVILLE

900 - SANCSTOt;ES E'" h !*

. .
-

.

1000-
,

|10 0 - EAU CLAIRE
FORM ATION

1200-

1300-
.

MT. SIMON *

1400 -
SANDSTONE

1500 -

NOTES hS0d SYi4Il0!!! Psul.NOT TO SCALE.
2.WELL COf1STRUCTION DETAILS ARE OU U *

SU!,"'AF: dC :; T,'. :3 L 2 2. 4 - 2 2. '
-

3. PITLESS ADAPTER NOT SHOWN. SKETCH OF DEE.:-
WELL CON 3TRUCTiCN-

.
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TABLE 2.5-35
-

.

Rf:SULTS OP CYCt.IC S!! EAR STIENGTil
|

TcsTs on nAun onposITS - rirAsr. 1 !.

,

!..

TEST OP r EL. 50* FC* Y mcsx ymin hl r c Od N ICYCl'I "D # *

No. SPt: cat 4t3 (Ct) ic:n (t) (1b/ft3) - (1b/ft ) (Ib/f t.3) (t) (1b/ft 3 7"3e
3 2 " 3*5' 5' 7" IN-

Da-101a R *1 .25 1 104.3 91.6 101 74 1500 .426 13 16 19 24 44

n:t.10lb n *1 .25 1 104.8 91.6 101 74 1500 .397 18 17 25 .30 40
t
'

* Da-101c R *1 .25 1 104.8 91.6 101 74 1500 .497 6 8 10 12 13

Ba-101d R *1 .25 1 104.8 91.6 101 74 1500 .443 11 15 19 24 17

BA-1003 R *1 .25 1 104.8 91.6 103 88 1500 .457 15 20 28 62 68-
- ..

3$ Utt-102b R *1 .25 1 104.8 91.6 103 88 1500 491 11 16 23 39 47
3-

66 ha-202c R *1 .25 1 101.8 91.6 103 Da 1500 .404 30 37 44 64 da

y a:t-2 0 3 a R *1 .25 1 104.8 91.6 98 52 1500' .390 4 5 7 8 to
e '

U Da-103b R *1 .25 1 104.8 91.6 98 52 1500 .378 12 14 16 17 13
*

a't- 10 3 c R *1 .25 1 104.8 91.6 90 52 1500 .361 12 13, 15 16 1J

Bli-103d R *1 .25 1 104.8 91.6 99 52 1500 .388 7 8 10 11 ' 14.

hit-104a R *2 .15 11 110.9 92.1 110 93 1500 .494 30 36 51 102 1(ell .

BR-104b R *2 .15 11 110.9 92.1 110 93 1500 .470 30 39 58 105 110

na-104c R *2 .15 11 110.9 92.1 110 93 1500 .425 58 74 115 174 195
T4

o DR-1D53 R *2 .15 11 110.9 92.1 107 30 1500 .494 17 21 26 30 66
U .h
p, . na-105b ;< *2 .15 11 110.9 92.1 107 80 1500 .451 21 26 33 48 Ho

bUst-105c n *2 .15 11 110.9 92.1 107 80 1500 .426 31 36 43 70 ti ,

na-19As c '2 .25 11 110.9 92.1 103.5 63 1500 .480 10 12 14 16 23

N -106.s R *2 .15 11 110.9 92.1 103.5 63 1500 .417 11 13 15 19 03 /
.

..
,

, ,I , *1 See Note 1 -

. 'h (
'

b. A2 See Note 2 ''
3 ,

Ny -
,

s
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e TMLt. 2.5-35 (Cont'd) '

TYPE *
DTEST OP ' TEST E t. . 50* FC* 'e max Ymin Td D 3

-

NO. SPCCf" % ( t' t ) run ( t. ) (lb/ft ) (1b/1t ) (1b/ft ) (1) (1b/ft ) .II. 2.51 76
r c Od N (cycle) b2- .-

- --

~ . . ' . . . .1. b T61-
_ _En-107a R *3 .17 20 112.8 92.9 109.2 85 1500 .494 26 31 4G H 10G

_ -

dR '07b n *3 .17 20 112.0 92.9 109.2 85 1500 .447 35 41 Su 106 125

m
*

un 4H 107c R *3 .17 20 112.8 92.9 109.2 05 15U3 .425 35 35 54 125 172
U f.
b f LR-100.3 R *3 .17 20 112.8 92.9 106 70 l'200 .4C9 14 17 22 29 64:

c4

M-10Gb n *3 .17 20 112.3
,

= 2. 9 los 70 2200 .426 25 29 35 47 77
>

'

--

*E.2 *
.

R .

test on reconstituted test speelmens. -

D
50: 50% of sa*ple is cmaller than this grain size.

*
FC: finas content - percent passing the 1200 acch sieve,

(0.074 mm).'
,.

$
*:. See Note 3

.x
-

Notes: 1.
The test specimen for Test Series I was composed of material from Test Pit No

,

samples Nos. 37 and 38. 3, blocky, FSAR Table 2.5-31 details the elevations of the blosk samples.
.

2.
The test. specimen for Test Series 2 was composed of material from fest Pit No

-

] samples Nos. 32,'37, and 38. 3, block
FSAR Tabic 2.5-31 details the elevations of the block samples.

.

3.
The test specimen for Test Series 3 was composed of material from Test Pit No.

,

i

samp?cs Nos. 37 and 38 and Test Pit No. 5, block sample No. 21.
FSAR Table 2.5-31 details

3, block
.

the elevstlonn of the block sampics, -

i

f
,

.

;
'

*

.
'

It
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TABLE 2.5-36

SUMMARY OF SKEMPTON "B" VALUES FOR PHASE 1 TESTS

' TEST "B"
NUMBER VALUE

BR-101a 0.95
BR-10lb 0.96
BR-101c 0.95

BR-102a 0.98
BR-102b 1.0
BR-102c 0.98

BR-103a 0.95
BR-103b 0.98
BR-103c 0.95
BR-103d 0.95

BR-104a 0.98
BR-1046 0.98
BR-104c 1.0

BR-105a 0.95
BR-105b 0.98
BR-105c 0.98

BR-106a 0.95
BR-106b 0.98

BR-107a 0.95
BR-107b 0.96
BR-107c 0.95

'

BR-108a 0.95
BR-108b 1.0

,

j3

!

NOTE: The source of the test specimens referenced above
is detailed in Table 2.5-35.

.

2.5-181.
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and restraining devices are consistent with the dynamic and
static analyses of the systems.

All Seismic category I piping except for the reactor coolant
loops is designed by Sargent & Lundy, including the location of
supports and restraints. The field location of supports and
restraints is done only for non-Seismic category I piping, 4-inch
nominal pipe size and smaller, and 2000 F and colder.

3.7.3.4 Basis for Selection of Frequencies

The bisis for the selection of forcing frequencies is presented
in the seismic qualification criteria. All frequencies in the
range of 1 to 33 hertz are considered in the analysis and testing
of the components and their supporting structures.

Three ranges of equipment / rapport behavior which affect the
magnitude of the se3.smic acceleration are possible, as follows:

a. If the equipment is rigid relative to the structure,
the maximum acceleration of the equipment mass
approacher; that of the structure at the point of
equipment support. The equipment acceleration value
in this case corresponds to the low period region of
the floor response spectra.

b. If the equipment is very flexible relative to the
structure, the internal distortion of the structure
is unimportant, and the equipment behaves as though
supported on the ground.

c. If the periods of the equipment and supporting
utructure are nearly equal, resonance occurs and must
be taken into account.

Also, as noted in subsection 3.7.3.2, rigid equipment / support
systems have natural frequencies greater than 33 hertz.

3.7.3.5 Use of Equivalent Static Load Method of Analysis

Balance of Plant .

No static load method is utilized in the seismic analyses of
piping systems. However, in the seismic analyses of equipment,
the equivalent static load method is used if the equipment is
not rigid and a dynamic analysis is not performed.

If the FNP is known, the static seismic coef ficient is equal to
1.5 times the g level corresponding to the equipment FNP in the
applicable response spectrum curves (RSC) . If the FNP is
unknown, th7 static coefficient is equal to 1.5 times the peak g
level in th applicable RSC.

3.7-20
.

. _ . - -
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equipment, and equipnent supports, or because of rotations
imposed upon the equipment by sources other than the piping".
The effect of the differential motion is to impose a rotation on
the component from the building. This motion, being a free end
displacement and being similar to thermal expanion loads, will.

cause stresses which will be evaluated with ASME Code methods'

including the rules of NB-3227.5 used for stresses originating
f rom restrained free end displacements.

The results of these two steps, the dynamic inertia analysis and
the static differential motion analysis, are combined absolutely
vith due consideration for the ASME classification of the
stresses.

3.7.3.10 Use of Constant Vertical Static Factors

In general, Seismic Category I subsystems are analyzed in the
vertical direction using the methods specified in Subsection
3.7.3.1. No vertical static factors are used for subsystems.

3.7.3.11 Torsional Eff ects of Eccentric Masses

All concentrated loads in the piping system, such as valves and
valve operators are modeled as massless members with the mass of
the components lumped at its center of gravity. A rigid member
is modeled connecting the center of gravity to the piping so that
the torsional effects of the eccentric masses are considered.

3.7.3.12 Buried Seismic Catecory I Pining Systems and Tunnels

During an earthquake, buried structures such as piping and
tunnels respond to various seismic waves propagating through the
surrounding soil as well as to the dynamic differential movements
of the buildings to which the structures are connected. The

,

various waves associated with earthquake motion are P'

(compre ssion) waves, S (shear) waves, and Rayleigh waves. The
stresses in the buried structure are governed by the velocity and
angle of incidence of these traveling waves. However, the wave
types and their directions during earthquake are very complex.

| For design purposes, expressions f or upper bound stresses as
: given in the published results of Newmark (Reference 10), Yeh
! (Reference 11), and Shah and Chu (Reference 12) were used.
1

Since all buried essential service water piping falls under
subsection NC of ASME B&PV Code, Section III, the following
stress limits are met:

! Stresses due to sustained loads $ 1.0 Sh
Stresses due to occasional loads (OBE) $ 1.2 S h
Stresses due to occasional loads (SSE) 51.8 Sh

I

\ -

3.7-27
,
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Stresses due to bending moments
caused by soil settlement and/or
. overburden pressure 53.0 Sc

For all buried concrete electrical duct runs associated with
the essential service water system, the design is in accordance
with ACI-318-71 requirement.

For Byron, the essential service water pipeline was encased in
concrete. This concrete encasement was designed to span the 50-
foot-diameter design-basis sinkhole described in Subsection
2.5.4.10.4. The concrete encasement was designed such that the
design-basis sinkhole could occur at any portion along the
pipeline route.

!

.

.

3,7-27a-
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radiation shielding and missile protection. The interior walls
are of either concrete or concrete block construction. Fuel
access is at grade level where a railroad track is provided to
permit use of an overhead crane for handling the fuel.

3. 8. 4.1. 3 Refueling Water Storage Tank and Tunnel

The refueling water storage tank is a reinforced concrete
cylindrical structure supported on a mat foundation. The inside
wall of the tank is lined with stainless steel liner. The tunnel
which connects the refueling water storage tank with the
auxiliary building is a reinforced concrete box section.

The tank and the tunnel are shown in Figure 1. 2-11.

3.8.4.1.4 Main Steam and Auxiliary-Feedwater Tunnel

The main steam and auxiliary-feedwater tunnel is a bi-level
reinforced concrete box section. It connects the containment
with the turbine building through the auxiliary building. The
top of the tunnel is 1 foot 0 inch below the grade level and it
is shown in Figures 1.2-6 and 1,2-7.

The isolation valve room, known as the safety valve room, is
a reinforced concrete structure which is an integral part of
the main steam and auxiliary-feedwater tunnel at the containment
building. It is designed using a two-way slab theory for all
walls and slabs.

3.8.4.1.5 Electrical Duct Runs

Electrical Duct Runs are buried reinforced concrete conduits
which carry Class 1E cables for safety-related equipment.

3.8.4.1.6 Essential Service Water Cooling Tower (Byron)

The essential service cooling tower consists of two four-cell
concrete structures erected over one common reinforced concrete
cold water basin. The mat foundation supporting structure rests
on a grouted rock strata 9 feet 0 inch telow grade level. The
internal water distribution system and the fill are supported on
concrete beam and column system with bracings to resist lateral
loads.

The fan equipment including gear box are surrounded by 14 feet
0 inch high concrete recovery stack.

3.8.4.1.7 River Screen House (Byron)

The river screen house consists of reinforced concrete structure
with main floor 3 feet 6 inches above grade, internal and
external concrete walls, and concrete mat foundation. The roof
ano intermediate slab censists of steel fraining with slan on
metal deck. The superstructure consists of structural steel
braced framework co'Jered by insulated siding. Figure 1.2-16
shows the structural arrangement of the river screen house.

.
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TABLE 3.8-7
i ,

, LOAD DEFINITIONS AND COMBINATIONS FOR CLASS MC CONTA NMENT COMPONENTS *

(For Definitions See Table 3.8-4)*

6

. s.

LOAD FACTORS.

LOADING ITEM l

*

!.EVERE| CATEGORY NUMBER hVI RONMENTAL
Ex;REMg '

,

,
ABNOPJ'AL E!NTJt97.N AL {

* ,

D L R T P P f' E R T P R Mo o o
|

r a a a
| Construction 1 1.0 1.0 1.0 l

-Test 2 1.0 1.0 'l.0** 1.0 |

;

Normal 3 ' l.0 1.0 1.0 1.0 1.0 1.0 '

I

Severe i
.

Enviren.? ental 4 1.0 1.0 1.0 1.0 1.0 1.0 1.0
..

| Abnormal 5 1.0 1.0 1.0 1.0 1.0 1.0 -
n.o
*

s 6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 -

.

fr

| n
o Extreme

Environmental 7 1.0 1.0 1.0 1.0 1.0
1.0

Ibnormal/ Severe R
Environmental e 1.0 1.0 1.0 1.0 1.0 1.0 1.0 ),

;

9 1.0 1.0 1.0 1.0 1.0 1.0
10 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

'

; Abnormal / Extreme *

Environmental 11 1.0 1.0 1.0 1.0 1.0 1.0 l'. 0 1.0.
!

12 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
t

i
,

.

- *Does not include process piping penetrations,
i

** Ten,nerature at tir.c of test..
>

'
.

9

. .



2 o.
.

a n.
w w i --

6 s ') ,n . .;o.

- . , .- 2 :- .
t C

!( et t*
&-

2 s, u e
i[ J ta v- v ,e'.r Y CQ V Qb

- Ne ,p-

u ;M $
s -p .?..

. 6 LL cs *

* t N*
7

I, ) ) .i ; } __. 7 G2&-

[(, . . . e e CO n G.-

Q q) w9
-

.

.
a

'4 . U .. .._. ,... __ a-.... .. w _ . . - . ,:. = . e v |. .- j ___ .-
a x 4

- - - ._,__ .,, _ p. ;.,4r ..,....... u m,'w. ..
. . ,

_, s p. _. ..

3. 4 ._t, ,_ m ..:.r_: .t i

* ... ' ' r " ' W ),)'.rp~
J_

._,_,; m y. i 4-
,

l. f, |N N .b- #
Nw pi,sst w ,t -

1
. .

- -

. .m. .: -

,. 1s s ..i

i g
N~ :. . ( ym-. .

.; --,

1
3 .. .

,

e v y y.' y ;
- .; rea

.- II. - ,i :.
.

J
- - -i s-;

, y e
r i ;I g -4

.,
'

..
- t,. , _ <3

( t M_ . ?._ t . , t t 'i : H :: r: e f,-
.

., g. ._, ,
. i

.h - : _.._ ......... _ ._ ., . , , . , .
.: ; . .. .,

, , * -a _ .
,,,n. - ..

, y rZ .g
. - . . . . - . ~ . - ~| r,L e o

i _f . ,
I.,

,

Uj. 't i... E li

,,

I. g. --, - * -[ ;

t r-' W --| I I !{ AN|
4 - -

l c .d ; ;J '

Ms v1
| c .: . ., z e,

-
s %J I j e 2 ' w U

[ ij 4 i- q
* :-: .8

1 .
}

_,

<. - . - -

n >, ,

-

,

1 . pI 75:
i

-
! 4 | 4

..

)! *i ci,'4Ci .
, t ,, . 4< , -

..i \ '|f'^'|' | _'' }-- . :L_ [S*"*''''''

< l

,.t.f '
g . : I 3 )

,.m._:._ ,,.~.,.....i. . .. 1_-] .,i . .- . ,

._

'( 9
'

1 : }=
,,

'

l I |i'. " *L1 '
3

!

4| '!
.{ "' * . g

}w, - . --+ j6 , f .: -
'

3 : ; o
't E k.. ;d

, .
_

| t F"' :. ' .
, t-
E ., j

.'*
,.

1 ! L - .
-

.
1 *- gi . . . .

<
*

) F,6r* .e .-

|g s q.=m ,--|4 .a y a( *

}.".il.-.w. A.
g . g. . e.s ] * +..y . 4

-.
- ,1,. , ,

7 --*

!e, P -
.....i

. .= .}.. = .} - _.!su W| , - ' . - ..
.

* e- * ;. , . u ;.

t. . . . , - ,
.

1 Q \ t
-

e s. E c
e

f g
.

E .
'~

4 I i

d *j.

r; .

3a
6d
E 6

- ,

g - . . ,a
.

.

~^ T ,-
'

.w *_

S
* 2 9

*s

a

.

0

.

m



#o
.

. .

7 A8
o B- ,:j M

-

n- N, .-. o
.

l ao
> e cc "-"

: N if N ' .9-
s

p st -

c e "' ? 6,
,. ,
% - - ' yy d,

4p! .l.6 ![p .i p J4., r..,_ m , _,.,N.. .,,fn E.' Q u, 3,1,

^

1.y>
. m- N-- .

f

i ' ? t L '' ' ;, t ;:' -
#t .a . .?.* s{

-e ,-

'
.

*
1

~ Q f*-

3 p cz] I 4
.:

;; * .e t @ 0 ao
5

; ! '

(h...'. b'.s *t-| D 1[ V
.;j 5

} ! .,[ >- 4 a2.

i
[? 4 7

.,c. itrm --------- " pM,, sm rme;
-

.

( .. #

. .__A......

, , - - -
4

,f,.,.<.(,.'.----.ja i
'

, m
- m.61

d
.

1 '' Is j j ' ' .
5

-
* i1 i : :; >; e a t

.

1 g: ;-

1._ ) .v |,
) *

,

w
m =_

r. m-

e.
I 1| 3 !..

, - f }, 'f i - .% *
-

-!
.

rqp;l , 4
'8 /6

9~%-;.

N - ~

.-- ,e,

.. ed. -

. h ' : .

( [ !. <'..

y *, ' r.
. . 4 -.. .

l
h b* * * li w.'

1 . . ' .._ , , , . _ _ _ . :- O|> ET-

| ;, ;. _ . . . . . . _ _ _ , . _ _ _ . g ,_J 1
.f:i J 5 h .

6 a O'

* J g!
$.

1 .. k 4 ,1 9
,

I. | I 'l I... &-
,

. 2 , .' , *e , ~. u &{,
I hs t| ? R9d,.'' l#''

e I e g 3, y n

-

I _' ! | . .-4.?.
. - . - l.Ti b$#-

-

1A Lt#x ..t-... ~2, =..c.

i. ) :
. o o .1

Vi a-...,,
- .( I'd :i

" ' ;r

3 -f N-
3

| !!$
. .

s

a'
t

~I ||| { *| |}1
,' 4 |

al ;. 9 !
-

)' :we
;3 .1-: y ,' .
. J -

j |
_ ; *,

,,; -

1 * ', ;
. T r., . - . - ---- == _''

-.
t _ _ . . - _ _ _

j-~1 _ . .,. .i_ _ _ . _ -_a
.

d ! ._ :-J. T__. :
'

a J d 6 i
.a s ----+g-. . .i ,!|

.

- s . ,;#
|

t!f i . . . k'. )' 4. ! Ji !}
4 -

-

'h uL
E :) 1 ; .

e, .!.s-1 mr.mb,l .

. , -
i _. _i : n .

: - .= m m- . = , m . t i t _. _. , ., .

L $
s. .,-. _..? | h. k k

_ h _ |, .ti % ,g j|
i ~l1 . L-- sr-

*

1h r- , --,

.,

>$ j
*5

].*Q
,

...

f' E
.

",

'.' .,)1**
,

..y
---b]- ' d f|6 -

fr-.

4 ^

,

..
.

s

,

e

.

r ~ s



i io* * EL. 4co - !"E-

I* 2? 'Qf'

E L. 3 9 9,-1 2 u. '

6n~ -s '-ix
h

|i
s ,i

b.
, SA.95 @ L2' *)|

'l All HOC'=) *
*

I i
,

J | %
8 f Il G 12' - ~d $' .

*

7 I'; Ol2Q d*

tpH r_i_t,;.m_p
iv , t ;I,3 i l e. I

.

.= l i
, -

..
h} _I_A l g'

||I | _lo*llHOOP'

III i i ||8 I BARS

| || | }g ; g_L|.l.
d IN" ~_7t q_. .

| "EL.393-C'- ' -

; | |1
11|| |||1

|| || | 1111

4,,,7c.=i . . ?.d,1, !* IIGl2"m J -

b. 389,- G, @. I
e.Ji
.l. en soop.-o

'
~ EL. 3 8 8'- 9"

__

R* \ EP BARS G 6 "

.' N? w
"

~5L. 38G,- 6,
_ __ _

_ _ _ k -gg- .
.

.' ,',1 Au. AcousJo -$
% ea. om. -

f .

'A ! ~O | 1912' ~@
*

t ||G ro * x . .
%

~f
+ 11 G 1 9 . I / '/ 'S'

? # 1iHOCPO gy, .

BM25 G f 2*
Q'32E%dTC2.

I / 'l' ~

2#9re5 7
.

-

,.
w eo erm.

F.!f !
.

ALL d ouNo -

g 3 9-

sto> e s2' -D >
*

. .

N Y
rs/ 1 .

<

tt ") T IE s % A
% nu.0rw. 'l EL. 9 71'-o'' .: y i-

ALL AROUND - ". ,, i

- -
, - 1

*
.

Q"
< .

in. ,

f ''

L -- - h 1 EL. 374 - C.

-u - __ ___ - - - _ _ _.a --.-

Bl-GM.' e __9 . .,
r i*

Qp.w/ , .1-11 t
*i

- ,

g . ,

- .L-j: Fs;A'
nl'1,- C , F I G u n.c- 3 Y: 9T

~

.09TAIN,',iENT BUILDhG O' "" ' ' N ''' '

#"U.IY''7TN
'

fPRi?| AkY SM! ELD. WALL
v - h/A LL 9 -. . a c. #
,

*

t;AT ' !:1LET N8 ELE pJ v,, , ...- r.u-
3

'-

-

.,



*

.* ,,
l' a.

.

.

18n* I.
EL. 4Co 1:5-

---a. ...

li ni
'

_ ' _'7
_ se scoe=,T

i

. - .J
e - m s e iz-p

.
,, 0

. . . ..

filetz' 'D

*
. . _ . _ . . . . . . _ ,-.

6

.

*1 i ts_'d. :
% -%s- -a

11 filijli
11 1 I II- W- to.*ll Hoop B ARS

- - *
I

!I'!! ; O'MLET
ei-

j'ijjiilii
- - C- e_. w3-o-

l ieli t il|
-

1.liili

ellei2' %
.

-

A . . * i- =. . J[. . .

~ .~.- , pr e e a a r-

s c, e ::;."-[I.[. 4 i.?.'

% o

f.> #11 HOOP'~~
_ . ' . c.;< BARS G s'

::: n, -y - -

a ,3 c,2-ir
II

* .
*

3
-..-- -

-

Jid--
_ _

. ;- C D TIES
~ % EC:L. f**A . - |t1

g die orej g / ,
.

" " ALL Acuuo ,
N -g'.

-;. ii e e
1, ,z.

_. ..

M. /. .'
5

%e
a g--

,

# 11 HOOPc.r q; D M S C 12,
. .-yg 9pa

j CEE/=C,TO2 w ca.5,es.._ || }
.

e

ALL A#OUND * r- . ,;

'|
. .

-
#-

9ms-,. .

c[.,p ra.9'A. ii il
A11. AJDVHP il I

'

1ll! 1
~

coo:2' - -e
-

||| ,|
,

1

,J p|.| |q
.

*

is
gu. y7 7'. o

-

-L n . .

. , ,

i p_ __ . ,

G.I
a

- I, ~m
.

, L =- T et.s z.c,i
t =3 -.1-u g .

I

-

el- cm, . I'- s If.
i

,
r- , w/ e> 'n .

w p, . 3 , , --; - .

_. .L u t . t
,

17 - O , ** i= n :, i'

| g v %

1CO'NTAffIdENT EJIEDING' " 3 M '7
C *W '''''N O' ; L M -

| /'PRIMAd7 SHIELD s|/.i'JI
' /ATI)UT!.iiT NOZi_LE - IYJMi #'/ 5d LD #' 'l'

!

fir cultET No a t_ri. .

|
_ _ - - - _ _ - _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ - - - _ _ - _ - _ _ - _ - _ .



Z4-%n.. --

IL -

I il
" l-

b EL 4001 2e
- - --

,
'

li

Mll HCC='--

? ! E3Af=1 a 12'*

_

~
w a* *
% "II G|2'. ,

.

*
. .

*- ' I'N 2"9Tl55
.@i ig{

| | ALL ARouNo

-9_

* e * % ca. wA. -

-. ,w , ..

o [ q.

*o r-
,

-- r .

-lO 16

til @l2" \ |t -- 'O
Q- l*u.

o
- h. / .|'

,

I / .0 a.eed-o'. g-
. .

l N

=O In@-
;1

i %* k
'

' I ( l 19 l'- # lIHCCPgL'u3 3 3 '

sh~CQ~.
' .i -y

=

BAR5G (o# Q
''

**
,

i i . .

I 1 ,!,, DTIES_.
% i ) % EC GF'A.&,Q __ _ _ -_ _:___ _ _ ** .ttAgggyg

'

~ ~ '
f ,s.,

Q "
i

j. . . .
,

0 i
~

.f
.

~. .

Q) 4 | { G |(j' /' P b * *l'

0 - kg M2 #'9 7;20'

' - r* so ca. sea.g,

G REACTCE gj | Att mouNo-

*Ni i 5O

|
,,

.

' e 0-
.

['-%#tiHOOP '
-

0 e>ARs e ial @
'

yp i;

M #9Tira.

[ t eco Ea. era.|
' - ! ALL AR.oVND't ;y

-~O,
i > .

. ' . ,.
I

EL.577-o i*,

:.r
-

.
__ ,

,

ce
. -.

- - pEL. 374'- o"3_,.___ ,
. y . m m - - - -u

i '
. .

,= t- i *

_ _ _

0,~ SP15 _ I,'I I E
0 4t4Cid l'blU: ~. i * | s' Le

a -7 ' '' ,/ F5 A R-* a
17 - o

.. ..

Fuorm 1.Mo 't
4

COBJT'MN W MT DUiLDING c_owy,ym ,= &T 6. su '. : na
_,

''

PRl!.'ARYr 9 HELD 'A'.'.LL/ AT . ;i , |% mu f S r. , c u, ..;, u,.

, NEllTRO 0 02TEC.T03 C; Viry/ rir tar.u;,n ,., p rc m -
____ w



-

-

o s.:,

3-
.

# \~~
4 3 D d:*

g ,5 y :u-- -

g- % ' $ 2;
' tOs:2 t-

D.22 -:| ^ c4 '*

%gv
-:emw 0 .a. r..

Q J*
g Lg N() gUU

.

.n. .

s
.

b.,s' S % O n R'-
.

rN< - a cz < . LU :,

h b.1.!:. .
J ~. / 3

.

.( a o = y u e
.A .d qf G 2M

" *e . ,. . . , '
.

!

.*. r[- D. _, .a, >i(l.a
. \ ) >. gj c Yw

!}} @ V
d

' o es. , a.s s, s' * - * _ h' -d.if. 3 y:.g3N.s :p
s .- :. 3.

,

x.y..,..
1 M

''q.., . '. [,
|}t.

'
. r.*

4 (?j= .

o'
. < .' |"d'ss y. J J

...
1 / =

,.

'
'

,, .a._..,. ,, ~s
.-

.

%'y. .
.

;, *-.oatz ,of- = - , . , . = ,.

f a c .'i | o- f% '. ,r ;
*

* .P '8 H
~~~ j-

j| )$,&,M,. $'W]
I

, . ,

- .

- .
,.

g N. ., \ .. x4
8

.
. ..

. .> p
e _

,
, t e

Y j j

| 1 . 90i 1 8

t t 2 A :N 2 d E_ro-

h % k f /| N. x.#, b kk ' \. h. o jq .O' \
i i'. . s . --u

3 *
.

i .! q [!.* \Q **
g

f ,4G
'

* *

g. ', | -- - n
*e

.2
3 b,. .\

. . - . , -
$-

'

s ur
L ,;

-

js =

....,_ ~_.__.1 _ ,9_.~.
, ,$,s.-,_. _ - . _ . . . . . . . _

& ; ,vg-3 -

p,, , .m . _ . . _ . __ .,, . , ,
/ I i j;

,s 2 o

[.33 '. i
'

''N .

O
g \1.

. a _
I \i * I O

.,W
-

th I '

's |t Nh . 45,\.*: w ve a; wa .

.-

k
m.N h ..[ o' !5N

'N

1::-
/ :,_%__0 . a . .i,3 _.c, .a

. +5 , .

. ',t.g .4 J -

/ / 3

/ * els . e

s.F H+~ -

%,'~ ./
.- , .

%

] x '. A. .
. ,

.N /,.3
.v ,r yb., .2 - pf*i ! ('

'

.g. n et i s g / .

II,' f ~~1 */
'

/.

, n n nV i ,%.u * . -,

. c.~

/tA$ $$ $"''
e
% :m .' ? .
* * *,;* t,*

Nf ~.'s '|.s p*.i:a.

at* .

.

/-
,

. .
.

9

3

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



'S m
-

-

3 m
ve..

. a r, s'

e

0 -- bn w$
.

n.g
*

.

{, hn2
w & 2- 3 el 3 .; -

E(! *J
g , 'd r:f* /

,

n M, 4. '

s- u'y ,o <z .-

t/,Cd Min - p e,

%$ 4 2*' s

!. Y d3$^.

-|
' r

3 a < o-
,

o L h[J.- a- o Opce. .
2 ;E =, '

. !p). >- H o c, v

y *g f .Q Q_*gQ$l* v_._. , . . . N.,..u . . .
. , v-

Q .v-a v
. mas

tftsa

2.

:
4'; i

+ /> s,
' ];r.*

.. % .m. ?. , ~ , ,

. . .i ,;.
. .

.

N> *\i, u ,r. N .1 r,n
> r

/, '9 {.=

y i e' * * y-
.

.

|| 1 -) N/ if4 ,/ h% i hf
f. | (T$

h .- 'h .
-

. _y
/

4
er 4 . .. ' o y e 8k i ;; I

i N .?! i E o -..

Ejs .jg ,
?,

's ip S d.:e: 'v. : . .g ; en . = 2

Nt -x .i:.

- \o u.na . :ca
. p,. v2 -;-

at. o. . . <

.", J' ? \ ) |.-.. *

n n-

M. w..
- = =

L- gm ,. . -m.. . .. :.lu. ._ ._ , ._;u,x a ( ..

' . . , s '<
g w n

v c .*
.-T . ...i

. .a ~

Q (p_ > '.suaes.n.:qiuda-."-2
*% *1

l N ,4 | /k I-\ k b' .

i\ \ ,s.g; ;*

G~>F
! 'f,sv

h en ;

.5' .5 L MC 'I, . d -./ ,,a
!!! z NW !. s

4U ./ Ni .i
'

~

7 7Y 3 b') $ .
- s/ g..

i-
. -g!y 1*\ s,'.k |'" -

. : isl*.
ts ap ; .

*#

\ *,* J. h
f '

'#.*,
.? i . a' r. .,,..-

j #., = =p..

s

/ .Y
*

f*$
'

/1 s e
WV,/ * f \sD i I . * . * - my ,

-
' -

i : Was--
rb. / /, -

-

L'*!.:

/ f h : -$r 'A~ '

. . _

.

.

, . .v .ao , .

'

.+.C e\| (*h ,
..

-

||t
.

{'. ? l'.
*

* sA*
' ' '

e : ,

''

*f) l'. *
-

bi l'~ ,

'!J -.-,

D

*. ,,

.

.

D
r

.

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



Q5) 2| |

3'-Ol ,
9' 8 6'-0" 9". 3.'-0" -g |.

_i
to n

/9'

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

,

"cnj D*

. .

. .

... .

.
=.

e | Q
'

e. .
,,

. . m
_N_

. .
.

.

* =
to
_i

' '0" rQ, - . ,
1

-
i ;-

e
. ;. ro

- t :
o'

,
I

i y--

cn'

3'_0" 9" 9". . ' o"3_
. .

i .. =
O o

I g*

10 io, t
i

.
.

- si ,o ,
n,

__ . _ __j .

,
_

,_ _. _

(b i
.

Gl

1 =,
' O

t

| |
, '

-,-

, , , s
I . ! rJ
| *

*

~ _' _0",n' O' . _g _l'. 3_".-l'_3" o ['- G"- ,i 2'- 0" 9' 5-a

= _ ,, _ _i . ---

I ; ,ni i N :m
I

Q-' =

266'-0" 7 3'- 6 " _''
7 3'- 6" -'

__

f 26 306 10 . /_R ,a.

~
'

f2 in"> [ff "" ''\
AGXlLIARY - FUEL HANDLING UUILD!NG Coglu F, 4

Simut x,E. ' ALLS AT ELEVATION 40 |'- 0"_ F_ead 3 M'
,

t'.
-

tY60n -: ~FN
rautse..%g4



__ _ . .__

.

'

,
e o

. . .

. L Q W BB'

AUXILLARY BUILDING
-

,_i FUEL HANDLING BUILDING
,

-
e

i
I

'

,
.

.

.

EL.485' 0"
_

*
.

_ EL .47 7*-O"
' _ _ _ e .

__ EL .475'-G " |' '_ EL .474'- O"
'

3

EL '4G7'-4" [, , ,
~ '

E L .4 63 5.. i --

g e = = u .. .,_,Et.fi922,,- 'l
!,'',

|
E L . 4 51'-O" .

'

. |: l 30-
DETAIL 1

.

~*

---EL.439. O.i('
. I 7-

i. i .

j, , ,

i . i

E L . 42 C'- O" i '. . . . . '
'

, i
.

. . ~ . .

-- rf i
* T. |4-

--
. .

*

s . .*

! ..
.

EL .4 0l*- O"St. ,- 3 -. | >| f h EL . 40l'- O"

} j.
. .. ... , ., | .s , , ....

.i . - . . . . . . ,.

'* ' *l ' ~
*.W.-

.|
o .

6EL *' o 3,- 0,, ,

*|'. L ,.
'''

-g -
l 0

w'- =Y
- - . - .' __ J'

', , , . .g.
.

[. ' -7 4 o-

9 EL.3G4 -O"
'

'l- I 'E
.

*'
'

I[f) .
.

-4. s,

! !
' *

{
..,

-

-] . U. Et 3_4G'- O"
..,

F _g w d-c". ,. _ _.a _
'. __ t

'
I u

e ,
... . . . . . .. , . _. .

. .

EL . 330'- O' h' 0 0' W ''' '
'

.I-

-
.

t.. .* : .'; . . . - ;.. *-

$__, -l . .

.

m

'|
*

r
*DETAIL ?,, '

. ,

Byroa /A; hee.1
,

Fs u
[dJXiOARY's BUIL'OING' 'SECY10N , Fxcoct 3 s-53i

i i< u v x A m ,J.u y .O U;.u;,

SLcwr1
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . . _ . . _ _



.

-

,

-
, .

. . . .
,

.

|
-

.

_ LcT t 3" KEY-

-

_ MIN.

.*

SHEAR WALL-

SLAB DIAPHRAM % '
MAIN DOWELS WITH . 't '

,.
'

STANDARD HOOK Q* .;;
~

- *

REINFORCING ]
- b *bb

*

s
,

.
.

& 3
y r() ,6-5

/
. - . . , , . . . . - .- _ . . . , , y.

d' . ' ';_ f .; g ~,
"

. r. x
, ., ,.,

' - '. , $:u-
,

' , * * ,P',
* s,.

ff . f ,.," . a y

",@{ M'Md
,

!..

METAL DECK !
'

.
,

4: ' '

U
.

'

.t .

f. h Lco - ;. ?' . ^-
.

_ , m ,
_

y.

%N' . +

s . ,. e 3 i*
.

*
-

*
f' Leo

_ ,
.

.

Er' NON-STAGG.
' ' '

-

.

.

-
-

.
.

.

/SHEA'ICWALLOSLAB-DIAPH,RAk A,BOVE^QR 67ee d midd
( /N'DETAlL ,| ( F:Gus 3.s-H

Psn e.

p
t, Gg(Efig \U ALL - $l46-

D';At'rtMt1 /h%'M

6 tML' lbTML 1



)
*

.

.

O
. .

}_ la 4M O
.

.

,

.e .

7/ Cutt F.A 4o10 p#g .-.

- *s 1 A J. ..* / . f. . 4C, O* 1
__

Fi :/ :2N -'

6-'' | ,- ~ C. w
SLAB 0 4 A P14 R AM L'* t

' ~ *Ol E TY P. ),-
.

. ' g
',C >3 b

,
,

,

- f,, ,f,-.- - ~
- *y--.

_

.
e

*m o

*J. .,ta.*a[ d8

',Y . . . . T...

,

3. . . . ,

*
" - C.J .

*Tutte,eNE tooM i > CJg e.jy tm.fNg
MAT *, ,

% .E AR WALL-y p
.., ,; n., , .

,

-

l 7

- ..!._ s ,r-e -,j
,

,
, tu-u

.
.n ct r- -- i 1 r..

.c ,._ g
, ,. ..

o h .;S.. | "7jy
'

I C . J. e t.s;,.i.$ -_.r -a s

_![a_ w. v ::_y -- J

.. m _- _,,e. .

-
3

-S q
- c

8.%,.-g,
: 4.w- < vm- ->- - ,

4 ~, y~
:.

-

: t.L
[.) l c

~T'. b - , , -

1sh[|av v.|! 2-
-

| 4* * ..
s | , Lug.o .

. .'he -_
* C. W.S.' ' I

- - -.-
1 -

.O ' j ' . - ' . '| g
*

* . .

. ,a ~' i *c

'
* * . * . .

-_ [
' ' ' ..

.

LL54 0

W.S.# .= ? ,
!EL M[ N'O'J

.

* * *0.** .

.. r .o... . . . .
. s

Y ',,I .J3t,I f }C J. {
-'

e => - - .;.,
*1 4' k .

*n ad'h. -
4

-:.c .a

j*Q;5|;wuse a - m w .a. T -

.

} .t
- f/,,eni.$

e-.

7
- t > _ : * \ st-

W.S.". t e

el e

.jM T.:.*.:. _ .c n
' *

**E5).-
'

_ _ _ _ ._4 u- . . . , .

3.. p. ,-. ,: -n1
,

a t.s vil t A 4" P L M, .v .

h. A t i

.

g Kcx/ M w.vca
ShE3R V.(L -SCAN blhPHRAN x G5i'O'.i

'

'

: mu u -se. , ..

,-DETAfL 2 sucm wa u.- su.v.
. --- - ,

''. { p.

Gaw p;. .r.. >. . . 2.
_



.c v1 ;
.

* e w ir*

OOc
O <> :s

-.

"

.
e} u ' JG'

M...

c~
c) 'd 1

.

C.

?L5?Y,
-

e2 *dj
3- et t .,

e LL 7 3-
.

)('
I

,

.
.

!
- .;'.Q 'g

'' ' 't 'T,

. ,

1

|T].
,.

'
,

* r
*:
ss.

| .Y, T$..
.

' *',*

,3 7.,-
''. |- s ,= o

g = -

I
. r-

|I- -
..

,| ||-

1 :.: -Il
.

L. ,

' j 2*'
. WC 3-

: K:.;
, c.I

. x>
- J |

.
,

s .. ,

y; . * . -.
~ mais , O

4___.1 ,, y
3

...

-

| eD

-

O
| 11.

Z7 a-

|

I d. E
-

. kw-

- -- cn*: ; e
.N

.; ** { '
* - Lil

*

|\
'Z,

- - c,

O!-* O
.

. 1
*

. .\ g
[ "f | J

- .- - -: c | s>9 : : ; ''
,

.w .
,a o -.1~~

}}' _d C
o

,
-

. < , z

( i'g a1
i_s .

rp-3 I1 |
~\*

r
b | y- Nd
y 17=

I .:. ..
s

-
, .

.y
.

..
.

~
.. e

J
.

|. a, ,

,

'l
If

y, ..-

4 , .

. <,
,I

I I,,md
f_ _1 . i _.! ,__' .ui|

3-w - . . . .... ...... -
. . . _ . -. . , , ., ,

e a* 6
.

's * *

- be &aa J 4 h. & I'3 f3

j i i i.,

;, 'e 's 5 'e ..

e o e3 4
* *e, r-- CD

-
.

.

' '

. -r, , .m. .m- - - - - --m - % .. ._, . .,.r . - . - . -., ,



B/B-FSAR "

'

d. Mass released to Contain.r.cac during blowdown. (Figure
15.6-16)

e. Energy released to Containment during blowdown.
(Figure 15.6-17)

f. Fluid quality in the hot assembly during blowdown.
(Figure 15.6-18)

!
g. Mass velocity during blowdown. (Figure 15.6-20)

h. Accumulator water flow rate during blowdown. (Figures
15.6-19)

1. Pumped safety injecticn water flow rate during
reflood. (Figures 15.6-21)

The maximum clad temperature calculated for a 12cge break ic
|2102*F which is less than 'be Acceptance Criter 8.a limit of

2200*F of 10CFR50.46. Tb ximum local metal-water reaction
is 5.53% which is well b a the embrittlement limit of 17% as !
required by 10CFR50.46. Tne total core metal-water reaction is
less than 0.3% for all breaks, as compared with the 1%
cri.terion of 10CFR50.46, and the clad temperature transient is
termi. lated at a time when the core geometry is still amenable
to cooling. As a result, the core temperature will continue to
drop and the ability to remove decay heat generated in the fuel
for an extended period of time will be provided.

Small Break Results

As noted previously, the calculated peak clad temperature
resulting from a small break LOCA is less than that calculated
for a large break. Based on the results of the LOCA sensi-
tivity studies (Ref erence 21) the limi ting- small break was '

found to be less than a 10 inch diameter rupture of the RCS
cold leg. Therefore, a range of small break analyses are
presented which establishes the limiting break size. The
results of these analyses are summarized in Tables 15.6-1 and
15.6-4.

Figures 15,6-34 through 15.6-47 present the principal
parameters of interest for the small break ECCS analyses. For
all cases analyzed the following transient parameters are
presented:

a. RCS pressure. (Figure 15.6-34, 15.6-41, 15.6-42)

b. Core mixt 1re height. (Figure 15.6- 15.6-43, 15.6-44).

.

15.6-21
.
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REGULATORY GUIDE 1.46
,

Revision 0, May 1973

t

PROTECTION AGAINST PIPE WHIP INSIDE CONTAINMENT
,

.

The applicant complies with Regulatory Guide 1.46. Further
clarifications are provided in Subsections 3.6.2.3, 3.9.3.4.2,
3.8.3.2.1, 5.4.11.3, and 7.1.2.10 of the B/B-FSAR.

,

L

<

a

,

41.46-1
.
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B/B-FSAR

REGULATORY GUIDE 1.58
s

Revision 1, September 1980

QUA!,IFICATION OF NUCLEAR POWER PLANT INSPECTION,
EXAMINATION, AND TCSTING PERSONNEL

The applicant complies with tre positions of this Regulatory
Guide with the following exception:

' Regulatory Guide 1.58, Revision 1, Position 6 requires
t' at a candidate for Level I, II, or III Inspector for
f'.spection activities be a high school graduate or should
hale earned the General Education Development equivalence
of a high school diploma. In the appIlcant's judgment,
this is an unnecessary and unfair restriction. Personnel
can be trained, evaluated, and tested to determine if
they are qualified for a specific test or inspection
function, regardless of whether or not they have a high
school diploma or the equivalent. A person should be-
utilized based upon his capability to perform the job,
and on his qualifications and abilities. In the applicant's
view, continual on the job training with timely performance
reviews is an acceptable method of complying with 10
CFR 50, regarding such qualification of plant incpection,
examination, and testing personnel.

Also refer to the Commonwealth Edison Company Quality Assurance
Program Topical Rep.rt CE-1-A.

s

.

A1.58-1,

I
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B/B-FSAR

REGULATORY GUIDE 1.67

Revision 0, October 1973

INSTALLATION OF OVERPRESSURE PROTECTION DEVICES

-t

The Applicant 'omplies with the regulatory position with ;

the following ommt its and exceptions keyed to paragraph :

numbers in the Posicions. I

!1. Safety / relief valve design loads and load charac-
teristics are .ot included in the design rpecifi-
cations but are calculated as part of the analysis
which is performed after issuance of the design
specification. The design specification includes
the requirement that such loads be included
in analysis.

4. The guide states that either a dynamic analysic
must be performed or a dynamic load factor (DLF)
of 2.0 must be used. Code Case 1569 provides
the analyst the option of performing a parametric
study to determine the DLF. A discussion of
the main steam relief valves determined that
these valves do not utilize a DLP of 2.0. The
design basis for utilizing a DLF other than
2.0 was based on a parametric study based on
a dynamic analysis as allowed for in Code Case
1569. All other relief valves utilize a DLF
of 2.0. ,

a. Further discussion of the reactor trip system -
and overpressurization is in Section 7.1 and
Subsection 5.2.2, respectively.

(See Paragraph 5.4.11.3 for further information.)

'

A1.67-1
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