GE Nuclear Energy

March 31, 1993 Docket No. STN 52-001

Chet Poslusny, Senior Project Manager

Standardization Project Directorate

Associate I' ectorate for Advanced Reactors
and L 'nse Renewal

Office of the Nuclear Reactor Regulation

Subject: Submittal Supporting Accelerated ABWR Review Schedule - DFSER Chapter 8
Responses

Dear Chet:

Enclosed are the following attachments that address all of the DFSER Chapter 8 outstanding
items:

Atachment 1 - ldeutifies each DFSER item, has the text of the NRC's March 10,
1993 letter on the left, and GE responses on the right. These
responses provide the answers and direct the reviewer to the SSAR
text or to the road map of Attachment 2.

Attachment 2 - A road map containing only the new additions and changes from th =
February 9, 1993 submittal. This attachment responds cirectly to
DFSER text bullet.

Attachment 3 -  Complete markup of all page changes associated with the review of

Chapter 8. This includes Chapters 1,3,7 and 9 in addition to 8.

Attachment 4 - [yped vt rsion of the Chapter 8 text which incorporates all the
changes from the markup.

Please provide a copy of this transmittal to John Knox.

Sincerely,

Cﬁsf" L 3ex :
Jack Fox M
Advanced Reactor Programs

cc: Norman Fleicher (DOE) lJ(l"
Bob Strong (GE)




ATTACHMENT 1



Fage No. 1
03/31/93

ITEM NUMBER  TYPE

B.2.1.3.1-1  OPEN

8.2.1.3.1-2 OFEN

8.2.2.2-1 CONF

8.2.2.31 CONF

8.2.2.4-1 CONF

REF

LA

LB

15

16

7

DFSER CHMAPIER B 1SSUES & GE RESPONSES

DO FSERSTAT

NRC SUMMAEY REPORT

B.2.1.3.1-1 New Item Interface Discussion

GE indicated that Section B.2.3 wiil be renamed as Interface
Requirements and #s 1-16 will be inciuded. #17 wili be a COL
Information Section included in B.2.4. In addition, Section B.2.%
will be renamed as Conceptual Design. This was acceptable to the
staff,

B.2.1.3-1-2. Conceptual Design,

The staff indicated that a separate titled section is neaded n
the conceptual design for the offsite power system, GE sgreed to
provide additional description of the design with a cross
reference to the interface requiremente section, This was
scceptable to the staff,

8.2.2.2-1 isolation of 18 circuits

Staff needs a discussion of the design of interiock
interconnections. GE needs to explain why the interlocks do not
violate the required independence and why it is acceptable. GF
indicated that the circuits will be electrically isolated and
separated to the extent practical. The staff indicated that a
SSAR change to this effect would be acceptable.

8.2.2.31 Electrical independence
This was tentatively resoived based on 8.2.2.2-1 above.
8.2.2.41 Testability requirsments

The staff did not approve of the use of the word "facilitate" and

REPORT FORM FLERMEMO

GE RESPONSE

Changes have been marked sc sgreed,

Section 8.2.5 (page 8.2-5.1) was changed to "Conceptual Design®,
arxd was rewritten, as agreed at the February meetings.

The first sentence of the fifth p “~gragh of 8.2.1.3, page
8.2:-2.1, was marked 8s follows:

“_..with exception of the circuite in the control room, and the
interlock circuitry..."

the second sentence (i.e., "Separation of |80 cable.. .etc.™) was
deleted, and replaced with the following:

"Wowever, these circuits are electricaily isolated snd separated
to the extent practical .®

Page 8.2-2.1 was marked as .Jreed (i.e., same resolution is
reference 15),

15t Paragraph:

The last sentence of 8.2.2.1(3), page £.2-3.1, was modified as

NN S——

T N PSS R

PR RT

J RN T —

:
1

T i s ey Sl ke ISR



Page No. 2
03/31/93
DFSER CHAPTER B ISSUES & GE RESPONSES
DO FSERSTAT  _REPORT FORM FSERMEMO
ITEM NUMBER  TYPE REF  NRC SUMMARY REPORY GE RESPONSE
recommended the use of “capability® for resting., GE proposed the  follows:
revigion of the wording.
"The ABWR (s designed to provide testing andfor verification
The staff was concerned that not all tests can be done at full capability as described sbove, including the items identified in
power, and that GE has not specified all exceptions. GE agreed B8.2.4.1."% (Note B.2.4.1 was formerly 8.2.3(17).)
to revise its commitment and clarify the testisbility and when |
will be conkicted to not adversely affact sa‘e operation of the
piant, In sddition, » requirement for reliability will be added 2nd Paragraph:
for equipment which will not be tested during power operation,
The staff indicated that this would be ascceptable, The first two paragraphs of 8.2.2.1(3) were replaced with the
following:
"AlLl eguipment can be tested, as necessary, to assure continued
and safe operation of the plant, Ffor equipment which camnnot be
tested during plant operation, the relisbility will be such that
testing can be performed during plant shutdown {for exemple, the
main generator circuit breaker). See B.2.4 for COL License
Information, ™
8.2.2.4-1 coL 17 B.2.2.40 Procedures for ingpection snd maintainence Thie portion of 8.2.3 has been moved to 8.2.4 per new open item
B.2.1.3.1-1 (reference N1). The new markup sentence sdded to
The staff indicated that GE needs to revise items listed in the item (h) [now item (8)), page B.2-5, states.
DFSER to address the scope of inspection and maintenance cf item
thy of 8.2.3 of the SSAR to include terminals “nd insulators. GE ™Alse, terminale snd insulators shall be inspected, cieaned and
agreed to do thin, tightaned, as necessary.™
8.2.2.51 coL 18 8.2.2.5% Procedures for generator breaker requirements Page B.2-5, item (g) [now item (7) of Section B.2.4) was modified
per agresment at february meetings, as foliows:
The staff requested that GE revise paragraph (g) to clarify the
intent ¢f the testing of the generator breaker. GE agreed to do "The generator bresker can open on demarxi. (Note: The breaker's
such. pctust opening and closing mechanisms are inherentiy confirmed
during the shutdown and synchronizing processes. Trip circuits
shail be periodically verified during shutdown periods while the
bresker is open, )"
8.2.2.61 CONF 19 B.2.2.611 Capability/capacity of offsite power ist Paragraph:
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TYPE

REF

DFSER CHAPTER B 1SSUES & GE RESPONSES

DO FSERSTAT

NRC SUMMARY REPORY

This confirmatory item required that GE include a set of
commitments listed in the DFSER as buliets, All GF SSAR markups
were found to be acceptable prior to the meeting with exception
of the items which were discussed below.

Low voltage snalysis did not appear to the staff as a COL item,
GE indicated that this analysis will be an ITAAC item and that it
would inciude a discussion of the methodoiogy in the SSAR. In
sddition, GE committed to providing a reference to the [EEE
Standard 141, Red Book, Chapter 3. This was acceptable to the
staff,

The statf indicated that GE neglected to address the DFSER bullet
concer~ing normal and alternative circuits being subjected to
steady-state and transient conditions, The staff stated that it
would reconsider and reevaluate this item, and it remained
unresoived. [UPDATE: Per telephone call March 25, 1993, the
staff indicated this item was consclidated into New |tem
8.2.3.8-1, and faxed GE a copy.]

The bullet reiated to prrformance and operating characteristics
of normal and alternate preferred power circuits to meet
operability and design-basis requirements including short
circuits, equipment capacity, voltage and fregquency transient
response was not addressed in the recent Chapter B markup. GF
indicated the items {isted in the bullet could be addressed by
the set of analyses methodologies to be included in the SSAR in a
future markup. This remained unresolved,

REPORT FORM FSERMEMO

GE RESPONSE

(Introductory comment only - action implicated in successi e
paragraphs only,)

2rd Paragraph:

item 8.3.4.3) was oeleted, and the commitment for a load shalysis
per Chapter 3 of I1EEE 141, and also IEEE's 242 and 199, was added
3 a footnote to 8.3.1.1,7(8), page 8.3-B.1, as foliows:

“A complete load analysis shall be performed ih accordance with
Chapter 3 of 1EFE 141, and 1EEE's 242 and 399, for the power
distribution system to demonstrate proper sizing of power source
and distribution equipment. Such snalysis shall provide the
basis for the degraded voltage protective relay timer settings
and other protective reisy settings.

3rd Paragraph:

This item shouid be resolved. See New [tem £.2.3.8-1 for GF
response.

ath Paragraph:

GE's notes and understanding from the February meetings
apparently did not agree with those of the staff on this issue.
Our records show this issue was resolved based on the action GE
took per “2nd Paragrarh" above, i.e., the commitment for non-COL
analysis per 1EEE's 141, 242, and 399. The staftf should consider
this issue closed per that action. [Update: a phone discussion
with the staff on March 26 confirmed the issue is confirmstory,
and should close pending review of this subwmittsl )

2 e e
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8.2.2.61
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REF
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DFSER CMAPTER B ISSUES & GE RESPONSES

DO FSERSTAT

NRC SUMMARY REPORT

8.2.2.61 Capability and capacity of offsite power
Operational restrictions for the reserve auxiliary transformer
needed to be revised. GE indicated that when the reserve
suxiliary is out of service restrictions wouid be imposed on the
length of operation in this mode. The staff indicated that GE
should add a statement to the SSAR and GE agreed to do so .
Restrictions will spply whenever the normal and alternste offsite
sources are not available to & Class £ division. GE would need
to indicate how the configuration would be establ ished, and
include a COL action item to establish the procedure t- configure
the power sources and & mesns to address station blackout. This
was acceptable to the staff,

Operaticnal restrictions on the reserve auxil.ury transformer
supplying the non-cisss 1€ load groups should prohibit the
secondary winding from supplying loads greater than the winding
oil/air rating. The staff indicated that GE should provide a
clarification in the SSAR sbout the capacity limits on the
reserve auxiiiary transformer and that all preconcieved abnormal
allowed configurations should be inciuded in the design
discussions., GLF comitted to sdding the infarmation to he SSAR.

Regarding the separation bullet, GE indicated that alternate
configurations do mot violate separation requirements. The staff
indicated that this is part of the design and no action is
required, The staff will revise the DFSER,

GE agreed to address the remaining bullets in a revised SSAR
submittal .

LREPORT FORM FSERMEMO

GE RESPONSE

15t Paragraph:

The following was added to the COL License Information section
(Page B.2-5), as agreed at the February meetings:

“g.2.4,2 Plant Procedures when a Reserve or Unit Auxiliary
Transformer is Out of Service

Appropriate plant operating procedures will be imposed whenever
the Reserve Auxiliary Transformer is out of service,

When a Unit Auxiliary Transformer is out of service such that
only the alternate offsite source 1s available to the downstream
Class 18 bus, appropriate plant operating procedures wili be
imposed UNLESS all of the rellowing conditions coexist: (1) the
combustion tucbine generator (CTG) is available, (2) the bus
arrangement is aligned such that the CTG can serve as a backup
‘offaite’ power source to the affected Class 1€ bus, and (3) both
of the remaining Class 1E huses are functional and have access to
both the mormal and alternate offsite sources.™

2nd Paragraph:

fecal! that at the February meetings, GE argued thst transformers
should be aliowed te operate within their FOA rat.ngs without
restrictions. following some discussion, 1t was agreed the

fol lowing sentence would be sdaded to Section 8.2.1.2 (as now
marked on page B.2-2 of attached):

“The operational configurations are such that the FCA ratings of
the reserve auxiliary transformer, or any unit auxiliary
transformers, will not be exceeded under any operating mode ™

s L R SRR St s s b
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ITEM NUMBER

8.2.3.2:1

8.2.3.31

-]

TYPE

CONF

CONF

REF

24

DFSER CHAPTER B !SSUES & GF RESPONSES

.DO FSERSTAT

NRT SUMMARY REPORY

8.2.3.2-1 Degraded offsite voltage

The staff reviewed the recent GE submittal and stated that GE
needs to add a statement abwt voltage less than 70% voltage. GE
proposed a change to the SSAR to indicste that the Class 1€
equipment is qualified to sustain operation for 3 seconds at 70%
voltage without damage. This is acceptable to the staff.
8:.2.3.31 Automatic switch from test to operating

The staff wanted the control logic for switchover from parallel
to normal operation to have the capecity to be periodically

LREPORT FORM FSERMEMO

GE RESPONSE

3rd Paragraph: {NRC sction to revise the DFSER.)

Lth Paragraph:

All of the bullets of DFSER Section 8.2.2.6 were addressed per
the "Roadmap” document sutmitted to the staff prior to the
february meetings., The first set of bullets wers addressed under
"§.2.2.6-1 CONF" beginmning on page 4 of the Roadmap. The second
set of bullets were addressed under “8.2.2.6-1 COL™ beginning on
page 2 of ‘Y Roadmap. The disposition of each bullet was
addressed in the "GE COMMENTS" column. Therefore, there are no
"remaining bullets™ except the two conclusion buliets at the end
of both the confirmatory and COL segments, which state “Specified
acceptable fuel design iimits. .. ™ end "The core will be
cooled, . ... Since these latter two bullets are general
statements of the NRC's conclusion “based on these above
considerations ™ {i.e., all the other bullets elresdy addressed),
in comparison with the GDC's, it is apparent they were intended
only for the SER. We therefore do not understand the staff
notation that “GE agreed to address the remaining bullets.. . "
unless this refers te the resolution actions already addressed
per the above paragraphs.

The following statement was added to 8.3.1.1.7, page 8.3-7.1:

“The Class 1€ equipment is gqualified to sustain operation for
this 3-second period without damage to the equipment. ™

The following sentence was added to 8.3.1.1,.8.8, page 8.3-10:

“These interlocks are designed to be testable, and are
periodically tested (see 8. 3.4.21).%
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03/31/93

ITEM NUMBER

8.2.3.341

8.2.3.3:4

8.2.3.31

6

TYPE

CONF

NEW

N3

DFSER CHAPTER B ISSUES & GE RESPONSES

DO FSERSTAY
NRC SUMMARY REPORY

tested reflected in the SSAR. GE agreed to add a statement to
the SSAR section 8.3.1.1.8.8 to refiect this capsbility. This
was acceptable to the staft.

B8.2.3.31 Periodic testing of interlock design

GE committed to add & COL action item to require procedures to

perform the periodic testing of the interlocks in section
8.3.4.21. This was acceptable to the staff.

Although contidered closed per the February meetings, the staff
made a subsequent phone call (3-23-93) to reguest “capability of
being tested" for the synchronizing interlocks for the diesel
g.nerators,

This section sddresses, in part, the staff's evaluation of GE's
response to DSER (SECY-91-355, Open Item 26 and DFSER
{SECY-92-349) Confirmatory Item 8.2.2.6-1 and Open [tem
8.2.2.6-1.

During their operation, normal and alternate preferred power
circuits can be subjected to the transmission system's
steady-state snd transient conditions (such as switching and
Lightning surges, maximsm and minimsm voltage ranges for heavy
arvi light load conditions, freauency variation, or stabiiity
Limits). Provisions will be included in the design of the
offsite system to minimize the probability of losing electric
power from any of the remaining sources as a result of these
conditions, The Class 1E systems, equipment, and components will
be appropristely protected such that Class 1€ systems, equipmert,
ard components will not be subject tc these conditions if these
conditions are beyond the limite for which the Class 1 systems,
equipment, and components are designed, This is New |tem
8.2.3.8-1.

During Februsry 23 te 25, (993 aeeting discussions, the staff

LREPORY FORM FSERMEMO

GE RESPONSE

The following sentence was ‘nserted in 8.2.4.21, page 8.3-23.4
per the agreement:

"interiocks which restore the wiits to emergency standby on event
of 8 LOCA or LOPP shall also be tested.™

The last sentence of 8.3.1.1.6.4, page 8.3-7, has been modified
to: "Swch interlocks sre capable of being tested, and shall be
perindically tested (see Subsection 8.3.4.2%3)."

Switching and |lightning surge protection is provided by the
station grounding and surge protection systems described in
Appendix BA, and by the redundant feeds (i.e., normal and
alternate preferred power circuits described in 8.2.1.2).

Maximum and minimmm voltage ranges are specified in 8.2.3(2) andd
transformers are designed per 8.2.1.2, Aliowable freguency
variation or stability limitations sre addressed in 8.2.3. Surge
arcd EM] protection for Ciass 1E systems, equipment and componerts
is described in Appendix 7A. The SSAR therefore supports the
criteria indicated by this buliet.

S I E———



DFSER CHAPTER B ISSUES & GE RESPONSES

DO FSERSTAY
NRC SUMMARY REPORY
indicated that they would reconsider and reevaluate this ‘tem,

B.2.4-1 Operating procedures for offsite preferred power
clreuits

GE provideC a markup of the SSAR which was acceptable,

Al though considered closed per the February meetings, the staff
made a subsequent phone call (3-23-93) to request the transfer
switches identified in 8.3.1.1.1, page 8 3-3, be designated as
"Clasz 16 Associated” per our February meeting agreements.

8.3.1.11 Compl iance with 1EEF standards

GF needs to commit 1EEE standards 741 and 946. GE has reviewed

the standards and would be able to commit to them completuly.
ackdition the URD has committed to these standards. The staff

LREPORT FORM FSERMEMO

GE RESPONSE

for the record, the subject sentence (the last sentence of
8.3.4.9, page 8.3-23.3) now states:

"“Continued plant operation will be appropriately [imited when the
reserve auxiliary transformer is inoperable (see B.2.4 for COL
information). ™

GE responded during the call, that thiz was being done already in
association ¢ ith the March markup submittal, The specific
addition was made in association with DFSER confirmatory item
B.3.3.6-1 (Ref. 69 CONF). The last paragraph on page 8.3-3 has
been modified as follows:

“Power is supplied to each FMCRD load group from either the
pDivision | Class 1€ bus or the non-Ciass 1E PIP bus through a
pair of interiocked transfer switches located between the power
sources and the 6.9 kV/4BOV transformer feeding the FMCRD MCC.
These transfer switches are classified as Class 1E sssociated,
and are treated as Class €. *

for clarification, the following sentence was added at the end of
the third-to-last paragraph of 8.3.3.6-1 (top of page 8.3 4):

“The design minimizes the probability of a single failure
affecting more than one FRCRD group by providing three
independent Class 1E feeds (one for each aroup) directly from the
diesel generator backed 6.9 kV bus (see sheet 3 of Figure
8.31)."

The ABWR commitment to fully meet [EEE's 741 and 946 was added to
the SSAR per the mark-ups at 8.3.1.2, page B.3-12 (insert E); and
8.3.2.2.2, page B.3-23.1 (insert F).

S ——
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03/341/93

ITEM NUMBER  TYPE

8.3.1.24% CONF

8.3.2.1-1 CONF

8.3.2.24 CONF

8.3.2.311 conr

37

DFSER CHAPTER 8 ISSUES & GE RESPONSES

.DO FSERSTAT
NET SUMMARY REPORT

indicated that » discussion of the standards in the text of
Chapter 8 would be scceptable in a S5AR amendment .
8.3.1.21 Protection reguirement of GRC 2 end &

the staftf committed to review the recent markup of the SSaR to
determine 1§ GE has clarified the number of divisions needed to
maintain the plant in a safe shutdown condition.

8.3.2.11 Open tray separation

The staff indicated that the use of barrier is not consistent
with other committments in the SSAR, [t was suggested that GF
better define the separation and what the barrier would be. GF
wanted to alliow for non-1E cables maintained in open racewsys and

agreed to provide the change in 8 markup. This wes scceptable to
the staff,

Although considered closed per the February meetings, the siaff

made a subsequent phone call (3-23-93) te request the separation
of WS cables be ciarified, as was done for the RPS scram groups.

Although considered closed per the february meetings, the stafé
made a subsequent phone call (3:-23-93) to request clarification
as to why dec lighting circuits do not share raceways with other
circuits [see 9.5.3.1. (7)d), page ©.5-3.31. This was in
conjunction with ref. I8 CONF above.

L e R B e I

LREPORT FORM FSERMEMO

GE RESPONSE

GE believes all such statements have been revised, NRC sction to

confirm, as stated.

The agreed markup has been made per the indicated reference. The
lust part of the last sentence of 8.3.5.6.2.3.1 (6) (formerly
B.3.1.4.2.3.1 (6), page B.3-18] is now written:

" . .shall be separated from non-enciosed raceways associated with
any of the four electrical divisions or non-divisional cables by
9 m (3 f1) horizontal, or 1.5 m (5 fr) vertical, or with an
saiitional barrier separated by 2.5 em (1 inch). "

NMS cables are not "separated” in the same sense as the RPS cable
groupings in that with RPS, redundant divisions sre invoived.
With the NMS, the unique handling of cables is within the same
division for EM! purposes. Gf suggested an addition of the
reason for separateness (so as not be be confused with redundant
divisional separation), and the NRC agreed. Therefore, the first
sentence of the fifth paragraph of 8.3.3.5.1.3 (formerly
B.3.1.3.1.3, page 8.3-14) was modified as follows:

“for EMl protection, neutron-monitoring cables ere run in their
own dedicated divisional conduits and cable trays. "

The reference paragraph (¢) was modified to:

“To enhance lighting reliability, emergency dc [ighting circuits
shall not share recewsys with any other circuits.®
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8.3.2.41 CoNF &0
8.3.2.51 CONF 5¢
8.3.2.6 CONF &0
8.3.2.71 CONF 61

DFSER CHAPTER B ISSUES & GE RESPONSES

DO FSERSTAT

NEC SUMMARY REPORY

Although considered ciosed per the february meetings, the staff
made a subseguent phone call (3-23-93) to request a senterce,
which appesred in Amendment 21 and was missed in subsequent
amendments, be reinstated.

8.3.2.5 Separation of cables outside panels

The staff indicated that cables inside panels need to be
supported. GF stated that the SS5AR would be amended to discuss
support. This was accepiable to the staff.

8.3.2.6-1 Separation of cables inside panels

The staff indicated that power cebles need to be installed in a
barrier separating them from 1&C cables in accordance with [EEE
384. GE stated that the 120V control cable and power cabies
could be included 1n the same raceway and that the RG or [EEE
does not specify this requirement. GE proposed that a statement
be sdded in the SSAR to guarantee separation of power cables from
any low-power 1L cabling or appropriate barriers. This was
acceptable to the steff,

8.3.2.71 Separation of cables enter/exit cabinet

This will be resolved based on resoiution of 8.3.2.6-1.

UPDATE: Per phone call 3/29/93, Knox reopened the issue requested
bul lets 2-6, ard 8-11 to be identified in SSAR, Section 8.3.1.4.

-REPORT FORW FSERMEMO

G RESPONSE

The sentence appeared at che end of the firsi paragraph of
8.3.1.4.1.2¢7), page 8.3-15, and has been reinstated in the new
section 8.3.3.6.1.2(7) ss follows:

“Grouping of circuits in penetration assemblies follows the same
raceway voltage groupings as described in Subsection 8.3.3.6.1."

(Note that the reference “8.3.1.4.1" has been changed to
*8.3.3.6.1" covsistent with where the zame information is now
found in the latest text.)

The first sentence of the new section A.3.3.1 (formerly
A.3.1.1.5.1, page 8.3-5) was rewritten as follows:

*All cables are supported in raceways (1.e., tray, conduit, or
wireways) "

in accordance with the agreements at the February meetings, the
new sentence added at the end of 8.0.3.6.1.7 (&) (formerly
8.3.1.4.1.1 (4), page B.3-15] is:

“For EMI considerations, power cables are routed in metailic
conduit whergver they come in close proximity with the low level
(V1) cables.”

ALl bullets have been addressed in new additions to roadmap
(signified by "**%) attached.
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8.3.2.8-1 CONF 6

DFSER CHAPTER 8 1SSUES & GF RESPONSES

.DO FSERSTAT

NRC SUMMARY REPORT

8.3.2.81 Physical separation ¢f aguipment

The staff indicated the need for & committment for a 3-hour fire
barrier and missiie barrier for everything up to the power
distribution penels. The sta¥f has reviewed the writeup in
Appendix OA and fourd the following inconsistencies,

Section OA.S conflicts Chapter B statement that all Class 1€
busses, distribution systems and power and control systems are
located in seismic Category | buildings. GE agreed to list the
exceptions listed in 9a.5.5 in Chapter in Section 8.1.3.1.1.1. GF
committed to verifying 1¢ additional cross references to
exceptions are needed in Chapter 7 and adding additional
information to the SSAR, if reguired. This was acceptable to the
statf,

Section OA 5.5.1 indicates that there are multiple divisions of
s¢ram solenoid fuse paneis in the same fire aress. GE committed
to ¢clarifying the discussion in the section to add » statement
thet the panels are in separate fire sreas. GF agreed to provide
@ statement in section 8.3.1.4.2.2.2 indicating that the 3-hour
fire barrier will be maintained from the power source up through
the distribution peneis,. Exceptions for the loads are provided
in 9A.5 This was acceptable to the staff,

The staf! provided a markup of PA.5 to GE indicating sections
which are inconsistent with other sections of the SSAR.
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REPORT FORM FSERMEMO

GE RESPONSE

2rdd Paragraph:

The second to-last sentence in 8.1.3.1.1.1 (pege 8.1-3) has been
modified, per the february meeting agreemente, as follows:

“This equipment is housed in Seilsmic Category I structures except
for some control sensors associated with the Reactor Protection
System (see 94.5.5.1), and the Leak Detection System (see
9A.5.5.7).¢

Cross references to these sections were also added to
7.2.8.2.4¢6) and 7.%.2.2.2(1), respectively, as shown in attached
marbups

3rd Faragraph:

The following sentence wae added in the second paragraph of
94.5.5.1, page 98 .5-1, per attached markup:

"The Div. | rooms are located in separate fire tones from the
Giv, 1] rooms, which rones are seperated by J-hour fire
barriers. ™

The following clarification was added in the emd of the first
paragraph of B8.3.3.6.2.2.2 (formeriy 8.3.1.4.2.2.2, page 8.3-17):

“The electrical equipment from the Class 1E power suppies to the
distribution centers are separated by 3-hour fire barriers.
Beyond the distribution centers, the exceptionsl cases where it
is not possible to instali such barriers have been anelyred and
justified in Appendix A.5.%

“th Paragraph:
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8.3.3.1-1 Crotection of electrical penetrations

The staff expected a committment to bullets for protection of
electrical penetrations in the design description, In addition,
8 commitiment to testing of fuses wes also expected. GE
indicated that additional information will be added to the SSAR
to address the fuse testing and inspection. This was acceptable
to the staff.

8.3.3.1-1%
devices

Periodic test of protective, current limiting

The COL item was addressed in the confirmatory item B8.3.3.11
above ,

8.3.3.2-1 Protection of electrical aguipment from design-basis
events (DBE=)

Gf indicated that it would modify the SSAR to include a reference
to TEEE 323-1974 for all electrical equipment. GE committed to
address the bullets in the DFSER by including them in the SSAR,

These bullets are as follows:

The staff understands that each type of Class 1E egquipment will
be:

P S R I B R R B R R R S R N R N R R R RO R O uT O TR RO AR AT TR ITTT TR TR SIS ETREOrRwrET ™=,

GE RESPONSE

(The consistency check was committed by end of April by Mo
Nik-Ahd )

Most of the information formerly in section B.3.4.4 has been
moved from this "COL License Information™ section to the main
text under a new section 8.3.3.7 (see sttached). However, the
original paragraph (3) remained in 8.3.4.4, page £.2-23.2, (which
was newly titled "Testing of current-Limiting Devices for
Electrical Penetration Assemblies™), but was modified to include
fuse inspection as follows:

"Appropriate plant procedures shall include periodic testing of
protective and/cr current limiting devices (except fuses, which
will be inspected), to demonstrate their functional capability to
perform their required safety functions. ™

(Addressed in B.3.3.1-7 CONF.)

In accordance with the agreements at the february meetings, the
first sontence in 3,.11.2 (page 3.11:-1.1) has been changed as
follows:

ALl safety-related electrical equipment is qualified by test or
other methrds as described in 1EEE 323 and permittad by
10CFRS0.49( ) (Reference 1)."

ist Bullet:

This builet is supported in 8.3.3.4 and 3.11.2 Zfirst paragraph
s modified per the above).

st o e ba b E

T S R ey

R g =




Page No.
03/31/93%

ITEM NUMBER

8.3.3.3-1

12

TYPE

ConF

REF

66

DESER CHAPTER 8 (SSUES & Gt RESPONSES

DO FSERSTAY
NRC SUMMARY REPORT

* quaiified by analysis, successful use under similar corditions,
or by sctual test to demonstrate its sbility to perform its
function under normal ardd design basis event envirommental and
operational conditions,

* designed and qualified to survive the combined effects of
tempersture, humidity, radiation, and other conditions related
with a8 LOCA or other design-basis event envirorment at the end of
their qualificd and/or design iife,

* gqualified to TEEE 3441987 “Recommended Practices for Seismic
Sualifications of Class 1€ Equiment for Muclear Power Generating
Stations "

* gquatified by test and/or analyrzed to demonstrate its ability to
meet its performance requirements during and following the
design-basis seismic event,

* located in seismic Category ! structures,
* seismicaliy supported,

* designed and qualified to operate within allowable design basis
limits or variations of voltage, frequency, and waveform in the
Class 1€ power systems during any mode of plant operation (for
exanple, sbie to operate for a predetermined time when subject to
voltage below 90 percent, to operate for a predetermined time
whers voltage is below 70 percent, to operate continuously when
subjected to voitage variations of +/- 10 percent of nominal, or
to operate at voltages betseen 100 to 140 volts at the de
system's 125 -volt distribution panels.

8.3.3.31 Seismic qualification of Light bulbs

JREPORT FORM FSERMEMO

GE RESPONSE

2rd Bullet:

This buliet was addad as “insert 6" at the end of the first
paragraph of 3.11.2 (page 3.11-2).

3rd Buller:

This bullet is committed by the last sentence of 8.1.3.1.1.1
{page B.1-3), which references 3,10 which also commits to [EEE
i,

4th Buller:

This bullet is supported by the first paragraph of 3.10.2 (page
3.10-2).

S5th and 6th Bullets:

These bullets are supported by the last paragraph in 8.1.3,1.1.1
(page B.1-3), ard by 3.10.3 and its subsections ‘beginning on

page 3.10-5). WNote, also, the modification per confirmatory item
8.3.2.8:1 (Reference # 62 CONF,).

7th Bullet:

The ac poriion of the bullet is supported by the last paragraph
of B.3.1.1.7(8), page 8.3-8.1, The dc portion is supported by F
the third paragraph of 8.3.2.1.3.1, page 8.3-21.

st Paragraph:
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The staff indicated that GE still needs to show how the
non-seismic fixture will not affect the Class Y€ circuits. GE
indicated that the breaker protection will protect the circuite
in the design and this information would be included in the SSAR,
This was acceptable to the staff,

The staff stated that it still has a problem with lLight bulbs not
being seismically qualified, The staff will verifty if this

subject has been covered by the RG 1.29 review. This item
remained open,
8.3.3.41 Submergence of electrical equipment

The staff indicated that GE should list the fact thet temperature
monitoring cabling and their terminations in the supression pool
are qualified to be submerged. GE agreed to add this fact in the
SSAR. This was acceptable to the staff,

Lol AR o L -

LREPORT FORM FSERMEMO

GE RESPONSE

The following sentence was added in three places following the
mention of fixtures being seismical ly supported:

“This is acceptable to the Class 18 power supply because of
overcurrent protective device coordination. ™

The three places referenced are B.3.2.2.2(2)(e) (page 8.3-23),
9.5.3.2.2.1 (page 9.5-3.5), and 9.5.3.2.3.1 (page 9.5-3.6).

2nd Paragraph:

Per the phone discussion with the staff on march 26, 1963, the
statf sgreed the bulbs are not required to be seismically
qualified, but GE needs to add & coowitment for protection of
personnel due to shattering gless, etc. Therefor: the following
sentence has been added to the end of 9.5.3.1.1(3), page 9.5-3:

"Light fixtures in safety areas are seismically supported, and
are designed with appropriate grids or diffusers, such that
broken material will be contained and will not become a hazerd to
personnel or safety equipment during or following a seismic
event . *

The first sentence of sudsectivn (6) of 8.3.3.6.2.3.2 (wes
B.3.1.4.2.3.2(4), page B.3-1%] has been spilit into two sentences
as follows:

*Class 1€ electrical equipment located in the suppre ion pool
leve! sweil zone is (imited to suppression pool < ature
monitors and their feeder cables. The tarminations sealed
such that operation would not be impaired by submer Age to
pool swell or LOCA."
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8.3.3.5-% Redundlant class 1€ systems (environments)

The staff indicated that in Table 9A.5.2 there is a list of
reactor building specis. cases with redundant equipment or
circuits in the same fire area. Electrical codes are listed to
provide separation guidance. Some circuite List N/A under

appl icable codes which do not indicate the basis for protection
of the ecquipment or circuits., GE indicated that the scram
solonoids are addressed in §A.5. That was acceptable to the
staff. For other examples, GE provided an expisnation for
clarification and no revision to the SSAR was required. The
staf¥ guestioned the protection of the power supply to the remote
shutdown pane! from a fire in the main control room. GE
indicated that in SSAR section 7.6.1.4.4, it states that all
necessary power supply circuits are manually transferred to other
sources after a control room short circuit,

The discussion of the SLCS in PA.5 indicates that the SLCS will
be lost in one fire, There is not discussion on the protection
of the Class 1€ electrical systems., GF agreed to modify the
writeup to address this issue and do similar for the flammability
control system, SGTS, among others to discuss the recuired
protection of Class 1E power supplies. This was acceptable te
the statf. The staff indicated that SPi8 and SICA should also
review the section. This becomes an interim confirmatory item
tased on the above items,
8.3.3.6-) Associated circuits design information
The staff indicated that GE had not inciuded BFSER bullets in its
SSAR markup clearly. GF indicated that it would include the
DFSER bullets in a SSAR revision and would identify iighting as
the only associated circuits with exceptions noted and justified.
This was acceptable to the staff.

LPEFORT FORM FSERMEND

GZ RESPONSE

15t Paragraph:

The statement in 7.4.1.4.4 (page 7.4-7.1 attached) has been
marked up as foliows:

“Control of all pecessary power supply circuits is also
trancferred to the remote shutdown system. ™
2rd Paragraph:

(Mo Nik-Ahd sgresd to provide the 9A.5 modifications by end of
April.)

st Paragraph:

Bullets la, b and 2 (as identified at left) have boen added as &
single parsgraph to replace the second to-(ast paragraph in
section 8.3.3.1 (formerly 8.3.1.1.5.1, page 8.3-6).

With regard to the 3rd bullet, GE has taken the position that no
separation should be required between onsite circuits that are
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[ The DFSER builets mentioned above are:

1a) Associated Class 1€ will remain with or be physically
separated in the same marnner as those Class 1€ circuits with
which they are associated; OR

1b) Associated Class 1€ circuits will remain with or be
physicaliy separated in the same manner as those Class £
circuits with which they are associated, from the Class ¢
equipment to and including an isolation device,

2) Associated Class 1€ circuits (including their isoiation
devices or their connected safety or non-safety system |oads
wit, it isolation devices) will be subject to all requirments
placed o Class 1€ circuits,

3) Non-Clase 1€ circuits that are powered from a Class 1€
division and are considered isolated through isolation devices
described in IFEE 384 (such as fuses, breakers, and power packs)
shall be physically and electrically independent of non-Class
circuits that are powersd through a TEEE 384 isolation device
from a different Class & division. )

In addition, GE indicated that it would provide a further
description of how it meets 1EEE 384 relating to the FMCRD
circuits. GE still is sesking credit for the zone selective
interlock, but the staff has problems with this, GF indicated
that it would describe the zone selective interlocks as Class 1€
in the SSAR. The staff was concerned that the zone selective
interlock transfer switches should be Class 1€ to protect the
Class 1€ from parallel operation, but they are not. &F indicated
that they would classify the transfer switches as associated 1€,
and the loads downsteam of the switches and feeds from non-1E as
mon-Class 1. This would be acceptsble to the staff to cover the
final aspect of this item,

LREPORY FORM FSERMEMO

GE RESPONSE

purely non-Class 1€, To this end, Gt modified the design so that
only Division | has a non-Cimss 16 load, namely, the FMCRD drive
motors. Therefore, this bullet would present an incomsistency to
the SSAR. Non-Class 1F loads are simply not allowed for
Divisions 11 and [11. This emphasis has been added in the new
last paragraph of 8.3.1.1.1, page 8.3 4 (insert N).

Note 1 of 8.3.3.5.1 (page 49 of typed draft) (formerly 8.3.1.3.1,
page B.3-13) and the last parsgraph of 8.3.2.2.2(2)(e), page
8.3-2% have been modifiad to identify the emergency lighting
circuits as the only per-certification associated circuits.
subject paragraphs also require any other associsted circuit
additions (i.~., post-certification) to be specifically
identifisd and justified.

The

2nd Paragraph:

The iast two paragraphs of 8.3.1.1.1, page 8.3-4 {insert N), have
been modified as follows:

“The Class 1 load breakers in conjunction with the 2one
selective interlocking feature (which is aiso Class 1E), provide
the needed isolation between the Class 1E bus and the non-Class
1 loads. The feeder circuits on the upstream side of the Class
1€ load breakers are Class 1E. The FMCRD circuits on the load
side of the Class £ load breakers down to and including the
transfer switches are Class £ Associated., The feeder circuits
from the non-Class 1€ PIP bus to the transfer switch, and
circuits ‘mtream of the transfer switch, are non-Class 1§,

Nor-Class & loads being supplied from & Class TE bus exists only
in Division |, as described above for the FMCRD's. WNon-Class 1E
loads are not permitted on Divisions 1] or [11. This prevents
any possibility of interconnection between Class 1€ divisions. ™
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8.3.3.81% Overload protection of Cleass 1E MOVs

The staftf indicated that it needed a statement that the bypass
circuitry for the overioads needs to be addressad for testability
and meeting the positions of IEEE 603, GF indicated that it
would modify the SSAR to include this information.

8.3.3.101 Periodic testing of protective relaying

A discussion concerning the need to clarify the meeting of the
reguirements of 1EEE 603 was held. The staff wanted the
tdentification of Class 1 equipment not performing a safety
function, GE indicated that this could not be done untit the
final design has been completed.

GE needs to discuss the areas where they cannotl meet [EEE 603 and
committed to provide a general discussion of cases where the
design will not meet [EEE 603. GE indicated that the commitment
to the standard 1EEE 308 Paragraph 5.2 will be provided in the
SSAR .

8.3.3.1%:1 Fire protection of cable systems

The staff had expected additional detailed information sbout
separation in accordance with |EEE 384. GF committed to adding a
reference to the specific 3-feet, 5 feet separation included in
another section of the SSAR ¢8.3.1.1.5.3). This was acceptable

REPORT FORM FSERMEMO

GE RESPONSE

The following sentence was added as “insert W™ in 8.3.1.2(2)(9),
page 8.3-11; and 8.3.2.2.2(2)(f), page 8.3-23;:

“These overioad bypasses meet the requirements of 1EEE 603, and
are cepable of being periodically tested (see B.3.4.24).%

References to both places was also added to the COL License
information section B.3.4.24, page 8.3-23.4.

As discussed in the February meetings, all except the first
paragraph of 8.3.1.2(23(c), page 8.3-10.1, has been replaced with
the following paraphrase of [EEE 308, Section 5.2 (see insert I):

“Section 5.2 of 1EEE 308 s addressed for the ABWR as folliows:

Those portions of the Class 1€ power system that ace required to
support safety systems in the performance of their safety
functions meet the requirements of 1EEE 603. In addition, those
ather normal components, equipment, and systems (that is,
overioad devices, protective relaying, etc) within the Class £
power system that have no direct safety function and are only
provided to increase the availability or reliability of the Class
1€ power system meet those requirements of IEEE 603 which assuse
that those components, equipment, and cysteme do not degrade the
Class 1E powe: system beiow an acceptable level. However, such
elements are not recuired to meet criteria as defined in I1EEE 603
for: operating bypass, maintenance bypass, and bypass
indication.®

The third sentence of the second parsgraph of 8.3.3.8.2 (formerly
8.3.3.2, page 8.3-23.1) which said “1EEE Std 384 and Regulatory
Guide 1.75 are always complied with, however™ has been deleted
and replaced with the following:

"However, separation requirements of 8.3.3.1 are complied with.®

PR S e SN S e——
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to the staff.

B8.3.3.%1 RPS scram and MS1V solenoid valves

The staff indicated that the internal protection (EPA) needs to
be added to the text discussion to be consistent with the
corresponding drawing in the SSAR. GE committed to adding a
paragraph to specify the internal protection characteristics.
Thig was acceptable to the staff,

8.3.3.161 Control access to Class 1E power eguipment

GE commitred to adding a statement that Class 1E egquipment will
have provisions for access control as specified in the DFSER,
This is acceptable to the staff,

8.3.4-1 Electrical independence

The staff had expected DFSER design commitment bullets to be
inciuded in the SSAR markup. Both GE and the staff will review
the the SSAR to identify where each bullet is included,

GE RESPONSE

(Note that B.3.3.1 was formerly 8.3.1.1.5.1. The reason for this
move was to create a more generic section applicable to both ac
arnd dc systems )

As discussed in the february meetings, the following subsection
was added to B.3.1.1.4.2.2, page 8.3-5 (insert J):

"(8) In addition, an external electrical protection assembly
(EPA) 1s provided which performs similar function as the monitor
described in (7) above (see Figure B.3-3, Sheet 1).%

As agreed in the february meetings, the following subsection was
added at the end of 8.3.3.6.1.1 {see page 52 of r1yped draft)
(formerly B.3.1.4.1.1, page 8.3-15):

"(5) Class 1E power system power supplies and distribution
equipment (including diesel generators, batteries, battery
chargers, CVECF power supplies, 6.9 kV switchgear, 4B0-volt load
centers, and 4B0-voit motor control centers) are located in areas
with access doors thet are administratively controlled. In
addition, ac and dc distribution panels are located in the same
or similar areas as Class 1f power supplies and distribution
equipment . or the distribution panels are designed to be locked,
so that access to circuit breakers located inside such panels can
be administratively controlled, The physical design of the ABWR
permits the administrative control of access to Class 1E power
equipment areas (see Section 13.6.3).%

#il bullets have been addressed in new additions to roadmap (a.
indicated by “**%),

B S E =N RS SNNNa—S
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8.3.4-1 Electrical indeperdence

G indicated that key interlocks to insure that twe breakers are
aluays open would be provided along with administrative controis
over the use of keys would be a COL action item as specified in
the SSAR markup. The staff found this to be acceptable,
8.3.4.11 interconnect ion between redundant divisions

GE indicated that the SSAR provides information in the $SAR that
addresses the interlocks in B.3.2.1.3.1, and the staff found it
acceptable.

B8.3.4.7-1  Administrative control of interliock keys

This item was resolved in item B.3.4-1.

B8.3.4.41 Transfer of leads between redundant divisions
The staff determined that the design implies that the design has
one non-1E lead tied to the Class 1€ division. This was
acceptable to the staff us marked up in the SSAR,

B.3.4.4-2 Isolation between safety bus & non-safety lead
This item was tentatively closed based on the discussion in
8.3.3.6-1.
B.3.4.4-1 Periodic cal ibration of fault interrupt coordination
GE agreed to provide a discussion of the periodic testing
requirements for protective and/or current limiting devices,
This was acceptable to the staff.

8.3.51 Lighting systems

GE RESPONSE

The staff agreed, in the february meetings, that the referenced
section addition in the draft submittal (sent to the staff
previous to the meetings) closed this issue.

The information previded in the second paragraph of 8.3.2.1.3.1,
page 8.3-21, of the february draft SSAR was deemed acceptable by
the staff. However,K per staff request per phone call 3-25-93,
the words " . kept normally open. . " were added into the last
sentence. (See also, typed draft page 42.)

This item is resoived, a« indicated by the staff.

This issue is resolved per the Staff notes.

This item should be closed continCant on closure of ref 8.3.3.6.1
(69 CONF),

The staff agreed this was resolved based on 8.3.4.29, page
8.3-23.4.

item 1:
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The staff still believed this was unrescived and committed to
review the basis for this finding, ([UPDATE: The staff fazxed o
copy of DFSER Section B.3.5 te GE on March 25, 1993, The
following action items were identified therein:

1. The fixture and bulb will be designed and gqualified such that
they will not fail in a manner that might possibly cause other
safety-related systems to fail, and will not become a hazard to
personnel or safety equipment during or following a seismic
event .

2. The guide lamp units will be supplied ac power from the same
power source that supplies the standby lighting system in the
area in which they are located, The guide lamp (ight system will
be seismically qualified and will meet Ciass 1E requirements in
plant aress containing Class 1E equipment .

3. Clarify that lighting circuits (including panels, etc.) are
"Class 1E associated”. The ac and de Lighting sections describe
panels as being "Class 1£.%

4. Normal, standby, emergency, and guide lamp lighting systems
instatled in essential areas and in passageways leading to and
from these areas will be tested periodically.

5. Light bulbs will be replaced when their expected design life
has been exceeded.

6. GE needs to address the adequacy of SOX Lighting for alt
essentianl areas and not just the control room.

LREPURT FORM FSERMEMO

GE RESPONSE

The following comnitment has been added to the end of
9.5.3.1.1(3), page 9.5-3 (insert V):

“Light fixtures in safety areas are seismically supported, and
are designed with appropriste grids or diffusers, such that
broken material will be contained and will not become a hazard to
personnel or safety equipment during or following a seismic
event . "

Item 2:
Per agreement with the staff on a March 25 telephone call, the
second-to-last sentence in the first paragraph of 9.5.3.2.4, page

$.5-3.6, has been modified as follows:

"The power supply ac source is fed from the standby lighting
system in the same area.”

Also, the last sentence in this subsection has been clarified es
follows:

“The self-contained emergency Lighting sets are Class 1§
qualified in safety-related areas. ™

ftem 3

Per agreement with the staff on a March 25 telephone cali, the
last sentence of the second paragraph of 9.5.3.2.2.1, page
9.5-3.5, was deleted; and the first sentence of the next

paragraph was modified as follows:

“The lighting circuits are Class 1E Associsted ™

|
|
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8.3.5-1 Periodic testing and replacement of (ight bulbs

The staff indicated that the COL needs to have a program to
réplace inspect and replace light bulbs. GF disagresd with this
requirement. [t remained wnwesolved,

JREPORY FORM FSERMEMO

GE RESPONSE

Similarly, the third senternce of the secord parasgraph of
9.5.3.2.3.1, page 9.5-3.4, was deleted; and the next sentence was
modified to:

“The circuits are classified as Class 1€ Associated.™

ltems & and 5:

(These items are addressed in 8.3.51 COL below. )

Item 6:

The illumination levels for all essential areas of the plant are
addressed in Tables 9.51 through 9.5-4. These levels correspond
with those of the 1ES Lighting Hewibook, and with the Utility
Reguirments Document (URD) for Advanced Light Water Reactors.

SSAR Tables 9.5-% through 9.5-4 were compared with URD Table
11,81, 1t was noted that both the 100X and 50% lighting levels
in the SSAR are within the acceptable rangos given in the URD for
all essential aress. This wes (o be espected since both
documents base Lighting levels on the [ES Standard. The lighting
tevels are, therefore, adeguate even when cne of the power
sources is lost (i.e., the 50% ievel).

GE objected to 8 staff proposal to replace light bulbs based on
their expected |ife, and therefore prior to their failure. GF
believed this would necessitate some kind of system for tracking
individua! service hours for each and every light buib.

Per telephone conversation with the staff on March 25, 1993, the
staff agreed to an inspection program and GE agreed to add the
following sentence just after the first sentence in 9.5.3.3, page
9.53.7:
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B.3.51 Lighting system under design-basis asccident (DBA)

The staff indicated that GE needs to address Lighting
requirements for all essentiul sreas and not just the control
room, Further, the staff nesds to address the hattery pack
Lighting illumination after a seismic event, GE indicated that
the illumination is 7 ft. candiles for the battery pack. Other
lighting information is included in Table 9.5-1-9.5-4. This item
witl be svaluated by the staff in the human factors area,
B.3.6.21 Control of electrical design bases

This will be evalusted Ly the staff after the final certified
SSAR submittal ig received.

8.3.71 Relisbility of systems

G indicated that safety eguipment will not be taken out of
service for testing during operation. GFf needs to add o
statement to address the reliability of the components when
determining testing periodicity similar to the discussion being
added to the offeite system testing., This was acceptabie to the
staff,

JREPORT FORM FSERMEMO

GE RESPONSE

"However, periodic inspection and bulb replacement shall be
porformed (see 8.3.4.25)."

GF had added COL License Information item 8.3.4.25 (page
B8.%3:-23.4) in the February draft, which states:

"Appropriate plant procedures shall include periodic inspettions
of all lighting systems installed in safety related areas, and in
passageways (eading to and from these areas, In addition,
lighting systems ins..lled in such areas which are normaliy
de-energized (e.g., guide lamps) shall be periodically tested.™

GE considers this closed except! for human factors elements to be
determined by the stafé, At the February meetings, the staff
indicated they ~quired “no action at this time™ from GE.

Thic issue involves a complete consistency check of Chapter B,
Resolution is pending on the final submittel.

In sccordance with the Februsry meeting negotiations, the
following statements were added to the SSAE as indicated:

In 8.2.2.1(3), page 8.2-3.1:
“Al! equipment can be tested, as necessary, 1o assure continued

and safe operation of the plant. for equipment which cannot be
tested during plant operation, the reliability will be such that

e A skl
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testing can be performed during plant shutdown (for exsaplsa, the
main generator circuit breaker). See 8.2.4 for COL License

information.*

In 8.3.3.2 (formerty B.3.1.1.5.3, page B.3-7):

(A similar statement was added, but the examples in thiz case
were "safety relief vaives and certain isolation valves ")

03/31/93
; DFSER CHAPTER B ISSUES & GE REGPONSES
DO FSERSTAT LBEPORT FORM FSERMEMG
ITEM NUMBER  TYPE REF  NRC SUMMARY REPORT GE RESPONSE
835821 CONF 87 8.3.8.2 Capacity of 1€ 125 volt de battery

The staff indicated that the DFSER bullets would need to be added
to the SSAR, but GE had not added ail of them, The bullets need
to be reviewed to determine where they are addressed. The staff
indicated that 1-4, @10 and 13 had not been addressed. Gf
indicated that i1 would reviesw the buliets to determine where
they were included and wouid add the ones which have not been
included to the SSAR.

[ The bullets identified above are as fol lows:

The staff understands that each of the four Class 1€ 125 -volt
batteries will:

1) be capable of starting and operating its required steady
state and transient loads,

2) be ismediately available during both normal operations and
feliowing loss of power from the alternating current systems,

3) have sufficient stored energy to provide an adequate soufce
of power for starting and operating all required LOCA end/or LOPP
loads sd circuit breakers for two hours with no ac power,

&) have sufficient stored energy to provide powe: in excess of
the capacity of the battery charger when needed for transients,

The following has been added st the end of 8.3.2.1.1.1, page
8.3-20 (insert 0):

“In nccordance with this standards, each of the four Class 1€
12% volt batteries:

1) is capable of starting and operating its required steady
state and transient loads,

2) is immedistely available during both normal operstions and
foliowing loss of power from the aiternating current gystems,

3) has sufficient stored energy to provide an adequate source of
power for starting and operating all required LOCA and/or LOPP
loads and circuit breakers for two hours with no ac power,

&) has sufficient stored energy to provide powet in excess of
the capacity of the battery charger when needed far transients,

6) has a capacity design margin of 5 to 15 percent to ailow for
less than optimum operating conditions,

7) has a 25-percent capacity design margin to compensate for
pattery nging,

8) has a &-percent capacity design margin to allow for the
lowest enpected electrolyte temperature of 21C (70F),
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6) have a capecity design margin of 5 to 15 percent to allow for
less than optimee operating conditions,

7) have s 25 -percent capacity design margin to compensate for
battery aging,

8) have a &-percent capacity design margin to allow for the
lowest expected electrolyte temperature of 21C (70F),

9) have a mmber of battery cells that matches the
battery-fo-system voltage limitations,

10) base the first minute of the batteries' duty cycle on the sum
of all momentary, continuous, and noncontinuous loads that can be
expected to operate during the one minute following » LOCA and/or
LOPP

13) be designed so that each battery's capacity can periodically
be veritied, )
8.3.8.41 Class 1E ac standhy e power

The staff indicated that locai manuai start without load sequence
capability had not been intluded in the SSAR, GF indicated that

this information would be sdded to the SSAE. This was acceptable
to the staff,

Regarding air sterts, the staff indicated that the capabiiity for
four air starts will be available without recharging the air
tanks was not adequately addressed in the SSAR.  An agreement wes
made to the rewording to be included in the SSAR which was
scceptable to the staff,

LA ool B Mhe BUL ke e L e s BAR B St inlinai e e Re nab Bl BRE D e Eojube Bl _ubhe D o

(REPORT FORM FSERMEMO

GE RESPONSE

©) has a rumber of battery cells that correctly matches the
battery-to-system voltage |imitations,

10) bases the first mimite of the batteries' duty cycle on the
sum of all momentary, continuous, and noncontinuous loads that
can be expected to operate during the one minute following a LOCA
snd/or LOPP,

13) is designed so that each battery's capacity can periodically
be verified. ™ |

15t Paragraph:

The following paragraph was inserted betwsen the two paragraphs
of 8.3.1.1.8.6, page £.3-10 (insert P):

“when the diesel is started from the local contro!l station, the
engine will attain rated voltege and frequency, then remain on
stanchy without load sequencing (i.e., the generator breaker will
remain open). "

2nd Paragraph:

This new sentence replaces the first sentence of the third
paragraph of 9.5.6.2, page 9.5:6 (insert Q):

N I Ty R—
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8.5.8.4-1 cou 82 B8.3.8.4 Procedures for testing of 0G

The staff indicated that all the DFSER buliets for tests had not
been included in the SSAR. GE indicated that it would revise the
discussion in section 8.3.4.36 to clerify the reference back to
section B.3.1.1.8.2. This was acceptable to the staff,

8.3.8.51 CONF 83 8.3.8.51 Constant voltage/frequency supply capacity

The staff indicated that the testability requirement had not been
inclided in the SSAR. GE indicated that it would add the
statement about the capability to test the capacity of the CVCF.
This was acceptable,

8.3.8.6-1 CONF 8 B8.3.8.6 Battery charger
The staff indicated that GE should indicate the time for return
to full charge for minimm charge should be included in the SSAR.
GE indicated that they would provide the design basis number for
the recharging time. This was acceptable to the stafy,

8.3.8.71 CONF 85 B8.3.8.7 Distribution systems

GE RESPONSE

"To avoid depieting air start capability, following unsuccessful
automatic starting of the diesel generator with and without ac
external power, each diesel generator's air receiver tanks will
have sufficient air remaininn for three more successful starts
without recharging.®

Note a difference from the precise sentence sgreed at the
meetings, which said ", without ac or dc external power...".
This change is consistent with a prior understanding with the
staff that automatic starts of the diesel are not required
without the use of external de power (i.e., the statiun Class 1€
batteries are always assumed to be available).

B8.3.4.36, page 8.3-23.5, has been re-written as follows:

“Appropriate plant procedures shall include periodic testing
and/or analysis of Clase 1E dissel generators (see 8.3.1.1.8.2),
srvd to demonstrate their capability to supply the actual full
design basis load current for each sequenced load step ™

The following sentence was added at the end of the second
paragraph of 8.3.1.1.4.2.1, page 8.3-4.1:

"The design also provides capability for being tested for
adequate capacity (see 8.3.4.34).

The subject portion of the third paragraph of 8.3.2.1.1, page
8.3-20, hes been changed from ", . fully charged state within the
time stated in the design basis. .. ", to "., . fully charged state
within 12 bours (per technical specifications)...™.

The following sentence was added at the end of B.3.1.1.5(2)
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The staff wanted a statement concerning the capacity of each
distribution system and the capability to be testable as » design
committment. In sddition, GE needs to generate a discussion of
the distribution design capacity requirements, GE proposed
revising section 8.3.1.1.5.2 discussion of the design basis to
indicate that the capacity and voltage drop analyses will be
performed in accordance with TEEE 141 to assure that power
sources and distrubution systems will be capable of transmitting
sufficient energy to start and operate all required loads for all
plant conditions., GF also indicated that this type of discussion
would be considered for addition to several places in the SSAR.
This was acceptable to the staff,

Regarding the testability of the systeme, GE agreed to change the
statement in B.3.1.1.5.3 to replace sensing dev.ses with power
suppl ies, This was acceptable to the staff,

8.3.8.71 Distribution system

GE indicated that a statement in section 8.3.4.30 and 8.3.4.33

indicates that procedures would include periodic testing in
sccordance with TEEE 30R. The staff found tnis acceptable.

8.3.9.1-1 Reestabl ishing ac power

The staff expected the DFSER design commitment bullets te be all
addressed in the SSAR. GE was asked to clarify how they meet the
SB0. They have submitted the CTG and the coping capibility in
the design. The staff stated that it believes that the C16 is
sufficient to meet the rule and the coping is not required. &F
originally was not ready to discard the coping arguement until

LREPORT FORM FSERMEMO

GE BESPONSE
(formerly 8.3.1.1.5.2(2), page 8.3-6, Cinsert R)}:

“A capacity and voltage drop analysis will be performed in
accordance with 1EEE 141 to assure that power sources snd
distribution equipment will be capable of transmitting sufficient
energy to start and operate all required loads for all plant
conditions "

Alsn, the words "sensing devices" was changed to “power supplies™
in the first sentence of 8.1.3.2 (formerly 8.3.1.1.5.3, page
B.3-7N.

Section 8.3.4.30, page 8.3-23.5  is scceptable as is, since it
siready has 8 reference to 1EEE 308, However, that same
reference needed to be added to section 6.3.4.33, The new
section reads:

"Appropriate plant procedures shall inciude periodic testing of
Class 1€ batteries in accordance with Section 7 of IEEE 208, to
sssure they have sufficient capacity and capability to supply
power to their connected loads. ™

Per phone conversation with staff 3/26/93, no GE action is
required for this item, in that RG 1,155 assessments and other
€16 information will be provided in conjunction with 8.3.9.3-1,
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the reliability and availability reguirements on the CTG in the
15 are firmod up by the staff and mey want to receive credit for
both features, The staff committed to revise its finding to
indicate credit for the CTG as an alternative ac source which
meets the SBO rule regquirements.

8.3.9.21 Coping capability

GE indicated thet they may not meet the full requirements of RG
1.155 because the analysis cannot be done without final
as-purchased equipment. The staff committed to have the finai
zafety evaluation raport (FSER) reflect its revised eveluation.
8.3.9.31 Combustion turbine generator

GE identified where the bullete included in the DFSER are in the
SSAR, The steff indicated that the GE discussion needs to be
revised to remove all discussions cf the coping capebility based
on the staff approval of the CT6 as the alternate ac source. GE
needs to clesn up the bullets to better meet RG 1.155. Further,
the staff indicated that the following sections of RG 1.15%: €,
3.3.5, 3.5, and Appendin A & B for the CT6. Specifically, for
the C16 Bullet #5 regarding the time to place the CTG on Line to
feed one train of shutdown loads being less than one hour, GE
agreed to provide additional Jescription of the capacity and
capibility to do the required functions less than one hour in
section 9.5.11. In addition, GE agreed to provide a
comprehens ive description of how the SB0 and RG 1,155 are met to
address the elsctrical and plant systess sspecte of the
regulatory requirements. This was accrupteble tc the staff,

JREPORT FORM FSERMEMO

GE RESPONSE

Per phone conversation with statf 3/26/93, no GE action is
required for this item, in that RG 1,155 sssessments and other
CT6 informetion will be provided in conjunction with 8.3.9.3-1.

A computer word search on “cope" and "coping” was performed for
Chapter B and Section 9.5.11. All such references were removed,
es agreed, and as shown on the attached draft,

A roview of the bullets ariginal ly addressed in the Roadmap
submitted in february revealed that changes were needed for the
1st, Sth, 7th, and 9th bullets. Those portions of the Roacmap
which underwent changes are separately sttached.

Apperddix 10 (to be added in the near future) specifically
ackiresses the electrical and plast systems aspects of Regulatory
Guide 1,155 with credit being taken for the CT6 as an slternate
ac (AAC) source, For the present time, the assessment of the CT6
against section 3.3.5 of tihe Guide has been provided in the new
foadmap attachments,

A now subsection (7) was sdded to 9.5.11.1, pagr 9.5 10,2 (insect
§), as follows:

(7)) The tar tie arrangment, and the capacity and Cspability of
the C1G, | designed such that the time to plade the CT6 on Line
to feed ar,, one train of shutdown loads (i.e., Includes monual
connection to any one Class 1E bus) shall be within 10 minutes. ™
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DFSER 17ES NUMBER

8.2 2.6°1 COL*

B.2.2.6-1 CONF**

8.2.3.8-1 CONF™

ROADMAP FOR SELECTED ABWR CHAPTER 8 DFSER ISSUES

D0 RGADMAP

DFSER BULLET STATEMENT

Operational restrictions will
prohibit the reserve suriiiary
transformer from supplying more than
one Class Y& load grouwp during normal
plant operation, when one of the
three unit auxiliary transformers is
out of service.

(Note: The words of this bullet, as
shown above, were modified &s agroed
by the NRC per th. February
meetings .

Voltage levels ot the low-voltage
terminals of the auxiliary and
reserve transformers will be anslyzed
1o determine the meximum and minimam
load conditions thet ere expected
throughout the anticipated range of
voltege varistions of the offsite
trensmission system and the men
generator. Seperate anslyses will be
performed for each possible circuit
configuration of the offsite power
supply system.

This section sddresses, in part, the
staff’'s eveluation of GE's response
tc DSER (SECY-91-355) Open Item 26
and DFSER (SECY-92-349) Confirmetory
Item 8.2.2.6-1 and Open 1tem

JREPORT FORM ROADMAP TO PRINY

SSAR REFERENCE

(See GE Comment)

8.3.1.1.7¢(8)

(SEE GE COMMENT)

GE COMMENTS

The following note was added to the
end of Section 8.2.3, newly titled
“interface Requirements". (The new
markup for the mote appeart as
“insert D" on page 8.2-5.)

B.2.4.2 Plant Procedures when @
Reserve or Unit Auxiiiery Transformer
is Out of Service

Appropriate plant operating
procedures will be imposed whenever
the Reserve Auxiliary Transfo'mer i
out of servige.

when a Unit Auxiliary Transformer is
out of service such that only the
alternate offsite source is svailable
to the downstream Class 1E bus,
appropriste plant operating
procedures will be imposed UNLESS al!
of the following conditions coexist:
(1) the combustion turbine generator
(CTG) is aveilable, (2) the bus
arrangement is aiigned such that the
CTG can serve as & backup ‘offsite’
power source to the sffected Class 1E
bus, and (3) both of the .emeining
Class £ buses are functional and
have accest to both the normal and
slternate cffsite sources."

1tem B.3.4.31 was cdeleted, and the
commitment for a load analysis per
Chapter 8 of JEEE 141 wae added @s @
footnote to 8.3.1.1.7(8), page
8.3-8.1.

Switching and lightning surge
protection is provided by the station
grounding and surge protection
systems described in Appendix 84, and
by the redundant feeds (i.e., normal
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DFSER BULLEY STATEMENT
8.2.2.6-1.

During their operation, normal and
alternate preferred power circuits
can be subjected tc the trensmission
system's steady-state and transient
conditions (such as switching and
Lightning surges, maximm and minimum
voitage ranges for heavy end Light
losd conditions, freguency variation,
or stability limits). Provisions
will be included in the design of the
offgite system to minimize the
probability of losing electric power
from any of the remsining sources as
& result of these conditions. The
Class 1E systems, equipment, and
components will be appropriately
protected such that Class 1 systems,
equipment, and components will not be
subject to these conditions if these
conditions are beyornd the limits for
which the Cless 1€ systems,
eQuipment, and Components are
designed. This is New Item
8.2.3.8-1.

During February 23 to 25, 1993
meeting discussions, the staff
indicated that they would reconsider
ond reeveluste this item.

Based on discussions the GE and
information subsequently presented in
Sectiun 8.3.1.4 of SSAR Amendment 21,
the steff understands that the

fol lowing design commitments apply:

180 and opticel cabies (including
metaliic and fiber-optic cables will
be treated the same with respect to
separation and protection throughout
the plant.

Each division of Class 1€ power,
instramentation, and cont ol cable
will be routed to the comtrol room
compiex through a cable chase or
other means, so that redundant
division aress will be separated by &
3-hour fire-rated berrier.

SSAR REFERENCE

o

Thece r?!ﬁeuj e

reter 1o T4pe
juficafe
8.3.3.8.2

v

i

GE COMMEKTS

and alternate preferred power

circuits described in 8.2,1.2).

Mex imum and minimam voltage ranges .
are specified in 8.2.3(2) and ;
transformers are designed per

8.2.1.2. allowsble frequency

varistion or stability limitations

are addressed in 8.2.3. Surge and

EN] protection for Class 1€ systems,
eguipment and components s oescribed

in Appendix A, The SSAR therefore
supports the criteris indicated by

this bullet.

The staf’ (John Knox) indicated this
bullet was sccounted for in the SSAR.

draft voles cFheruse
———

Both of these bullets are backed by
SSAR subsection B.3.3.8.2 (last
paragraph). i i

¥
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8.3.2.7-1 CONF=*
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8.3.2.7-1 CONF**

DD ROADMAP

DFSER BULLET STATEMENTY

fech cable chase will be ventilated.

Separation between Class 1E and
non-Class 1€ cab, § within the cable
chase will be the same as separation
of cables locsted outside cabinets
and paneis as described in Section
8.3.2.5 of this report.

Class 1€, Class 1E assotiasted, or
non-Class 1€ power circuits routed in
e cable chase or the control room
area will be Limited to those
required to operate systems,
equipment, or components located in
the control room area (power cables
will not be permitted to traverse
through from one side of the control
room area to the other without being
termineted in the gontrol room area).

Class &, Class ' associsted, or
non-Class 1€ power circuits routed in
a cable chase or the controi room
ares will be routed inside rigid or
flexible conduits that will be
physicelly separated horizoratlly and
vertically by & minimum distance of
15.2 om. (6 in.) or by steel barriers
or saditional enclosures from any 180
cables.

Power cables may be routed in
flexible metallic conduit under the
raised floor of the control room.

Separation between redundant Cless E
and between Class € and non-Class E
power , ingtrumentstion, and control
cables within the control room srea

ROADMAP FOR SELECTED ABWR CHAPTER & DFSER I1SSUES
JREPORT FORM ROADMAP T0 PRINT

SSAR REFERENCE

8.3.3.6.7. U3

8.3.3.6.2.2.346)

B8.3.3.6.1.1(4)

£8.3.3.6.0 . (&)

8.3.3.6.2.2.3

GE COMMENTS

The last sentence of 6.3.3.6.1.%(3)
was modified as follows:

“Closs 1€ and non-Class '€ cables are
separated in accordance with JEEE 384
and R.G. 1.75, ss exploined in
8.3.3.1. This includes cabler -
cable chases.”

The following new paragraph (6) was
added to 8.3.3.6.2.2.3:

“(6) Class 1, Class 1€ associsted,
or non-Class 'E power circuits routed
in the control room ares are |imited
10 those required to operste systems
egquipment, or components loceted in
the control room srea (power cebles
are not permitted to iraverse through
from one side of the control room
ares to the other without being
terminated in the control room
area). "

In conjunction with another similar
1ssue, the following statement was
added as the last sentence of
B.3.3.86.1.1¢4):

“For EM] considerations, power cables
are routed in metallic conduit
wherever they come in close proximity
with low level (V1) cables.*

The separation of power and 18&C
cables was considerably discussed at
the February meetings, and the above
statement was conceived and agreed
upon to close this issue.

John Knox indiceted this buliet is

accounted for in the SSAR.

This bullet is backed by SSAR
subsection 8.3.5.6.2.2.3.
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DFSER BULLEY STATEMENT

will be separsted in the same wey &s
cables lncated outside cabinets and
panels as described in Section
8.3.2.5 of this report.

Redundant Class E power,
instrumentation, and control cables
will enter cabinets or panels through
separste apertures.

Class 1E snd non-Class 1E power,
instrumentation, and control cables
will enter cabinets or panels through
separate apertures.

Cable chases and the control room
area will be non-hazerd arees (as
detined in Section 6.1.3 of IEFE
384-1981).

Caple chases and the control room
aree wiil not contein potentisi
hazerds such as high energy
switchgear, power distribution
panels, transformers, or rotating
equipment; potentisl sources of
missiles; pipe failure hazards, or
fire hazerdas.

SSAR REFERENCE

8.3.3.6.1.2(6)

B.3.3.6.1.2(8

8.3.3.6.2.2.3

8.3.3.6.2.23

GE COMMENTS

The 2nd paragraph of 8.3.3.6.1.2(8)
has been clarified as follows:

“Redundart Class 1E circuits which
™ enter & common panel, cadinet,
et__, enter through separsted
apertures and terminate on seperaTed
terminal blocks. wWhere redunod.«
circuits unevoidably terminete on the
same device, barriers are provided
between the device terminations to
ensure circuit separation, or
spproved isolators (generally
optical) are used.*

A 3rd peragraph was added to
B8.3.3.6.1.2(6) 85 fuilouws:

“Class 1€ end non-Class 1€ power,
instrumentation, and control cabies
enter cabinets or panels through
separate apertures. "

The following paragreph was added at
the beginning of 3.3.3.6.2.2.3:

"The control room ares and cable
chases are considered non-hazard
areas (as defined in Section 6.1.3 of
IEEE 3B4). These areas do not contain
potentisl hezards such as high enerpv
switchgear, power cistribution
panels, trangformers, or rotating
eguipment; nor are they exposed to
potential sources of missiles, pipe
failure hazards, or fire hazards,"

See resporse to previous bul let.
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DFSER 1TEM NUMBER

8.3.4-1 CONF**

8.3.4-1 CONFo*

RUADMAP FOR SELECTED ABWR CHAPTER & DFSER |SSUES

D0 ROADMAP  _REPORT FORM ROADMAP TO PRINT

DFSER BULLET STATEMENT

Based on discussions with GF and
information included in SSAR
Amendment 21, the staff has the
following understandings with respect
to electricel independence:

The protective actions {that is, the
initietion of # signal with the sense
and command festures, or the
operation of eguipment within the
execute features, for the purpose of
sccompl ishing » safety function) of
each redundant load grouwp will be
independent of the protective actions
provided by redundant load groups.

Each onsite Class € power supply
(for example, the diesel generator or
the constant voltage constant
freqguency power suppies) wi'l have
provisions for sutometic connection
to one Class 1€ loed group, but will
have no automatic connection to any
other redundant Class £ or non-Class
iE (non-divisional) load grouwp. If
nonsutomst ic (manual) interconnecting
means are furnished, provisions that
prevent parslleling of the redundant
onsite Class 1€ power supplles will
be included.

- The ABWR electrical system design
will mot inciude provisions for the
menuel connection of the onsite Cless
1€ power supply of one Class 1€
divisions! load group to any other
redurdant Class 1€ divisional or
non-Cless 1€ non-divisional |load
group (except for the manus! transfer
of spare battery chargers between
redundant divisions, the manus!
transfer of the fine motion control
rod drive motors from s
non-divisional to & divisional
supply, and the marwa!l connection of
any one of the Cless 18 diesel
penergtors to any one of the Class i
divisional load groups by backfeeding

SSAR REFERENCE

8.3.3.1

(SEE GE COMMENT)

GE COMMENTS

The following peragraph was added to
8.3.3.1:

“The protective actions (that is, the
initiation of & signel with the sense
and command features, or tye
operation of eguipment within the
execute festures, for the purpose of
asccomplishing 8 safety function) of
each redundant load group is
electrically independent of the
protective actions provided by
redundant loed groups., Cross telk
between divisions to facilitete the
two-out-of-four logic for the Sefety
System Logic end Control (SSLC) is
accompl ished by fiber-optic medium.*

The "no autometic interconnection"
provision of the dieseis is stated in
8.3.1.1.8.1. Agministretive controis
10 prevent paralleling Class €
sources have been sdded per the
following:

“§.3.4.95 Administrative Controls
for Manua! Interconnections

As indicated in 8.3.1.2(4)(b), the
ABWR hps capebility for menusily
connecting any plant lcads to receive
power from any of the six sources.
Appropriate plant opersting
procedures shall prevent parsllieling
of the redundant onsite Class 1
power supplies.™

The sub-bullets relating to the spare
battery cherger and associated key
interlocks is backed by SSAR section
8.3.2.1.3.

The following wes added as the lest
paragroph of 8.3.1.1.1:

“Non-Cless 1€ loads being supplied
from & Class 1€ bus exists only in
Division 1, as described above for
the FMCRD’s. WNon-Cless E loads sre
not permitted on Divisiors 11 or {11,

p—
|
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power from the diesel generator
through the combustion turbine bus).

+ The ABWR design will Tnciude
provisions to eliow one spare battery
cherger to be connected to either of
two divisions ared another spare
battery charger to be connected to
either of twe other divisions,

+ The spare chargers for the dc power
supply may bDe manually comnected to
either of two designated divisions,
but only when their loads sre
switched to the same division. Key
interiocks wiil mechanically ensure
that these standby chargers can only
be used in one division at a time.

+ The design for the manus!l transfer
of losd between the non-divisional
power supply and the divisional power
supply will be through interlocked
bireakers.

- The ABWR electrical system design
will not have interconnections
between redundant Cless 1 divisions
except as noted in Sections 8.2.2.3
and B.3.4.1 of this report.

- The divisiona! battery charger will
normally be fed from its essigned
Class 1E divisional &BO-volt motor
contrel center bus.

Each standby power system division
includes the diesel generator, its
suxiliary systems, and the
distribution of power to various
Cless 1€ loads through the 6.9 &V and
480 volt systems. Each of these
divisions will be segregeted and
separated from the other divisions.
No autometic interconnection will be
provided between the Class E
divisions. Each diesel generator set
will operate independently of the
other sets.

Control power {for the Class €

-REPORT FORM ROADMAP 1O PRINT

SSAR REFERENCE

8.3.1.1.8.1

8.3.1.10.2.0

GE COMMENTS

This prevents any possibility of
interconnection between Class 1€
divisions.*

Subsection 8.3.2.1.3.1 supports the
sub-bul let on battery chargers being
fed from their assigned divisional
LBO-volt MCC bus.

This bullet is backed by SSAR
subsection 8.3.1.1.8.1.

See last paragraph of 8.3.7.%.2.1,



Page No. 7
03/30/93

DFSER ITEM NUMBER

B.3.4-1 CONFw*

8.3.4-1 CONF**

8.3.4-1 CONF**

8.3.4-1 CONFo*

8.3.4-1 CONF**

B.3.4-7 CONF**

£.3.4-1 CONFo*

ROADMAP FOR SELECTED ABWR CHAPTER B DFSER ISSUES

DO RUADMAP  _REPORT FORM ROADMAP TO PRINT

DFSER BULLET STATEMENY

&80-volt suxilisries) will be from
the Class 1€ 125-voit dc power system
of the same division,

Each Class 1€ oc system (oad group
will have its own bettery charger
with no provision for automatic
interconnection with other redundant
Class 1k (vad groups.

There will be no provision for
sutomstically interconecting
redundant Class 1€ dc system load
groups .

No provision will be mede for
autometically transferring l(oaos
between Class '€ dc power sources.

The ABWR design will not have manual
interconnections between redundant
Class 1E divisions of the dc system
except those that involve the bsttery
chargers,

fach Class TF bettery will be
independent of the other redundant
battery.

Each Class ¢ bsttery charger wiil be
independent of the other redundant
bettery chergers.

The ac and oc switchgear power
circuit breskers in each division
will receive control power from their
respective divisional losd groups to
provide the folliowing assurances:

- foss of one Cless 1 125-volt o
system division will not jeopardize
the Ciass 1€ power supply to the
Class 1E busses of the other
redrdant load groups.

SSAR REFERENCE

8.3.2.1.3.1

8.3.2.1.3.1

8.3.2.1.3.1

8.3.2.1.5.1

(SEE GE COMKENT)

83213 & 83213

8.3.2.2.1

GE COMMENTS

This bullet is backed by SSAR
subsection 8.3.2.1.3.1.

This bullet is backed by SSAR
subsection 8.3.2.1.3.1.

This bullet is packed by SSAR
subsection 8.3.2.1.3.1.

The following sentence wes sdded at
the end of the first paragraph in
8.3.2.1.%.1:

“Also, there are no manuel
interconnections between oc divisions
except those involving the standby
battery chargers, as Jescribed
below. ™

This builet is becked by SSAR
subsections 8.1.2.2 (11th paregraph),
8.3.2.1.3, and 8.3.2.1.3.1. (Note
the word “independent" was sdded in
the first sentence of 8.3.2.1.3.)

This bullet is backed by SSAR
subsections 8.3.2.1.3 and
8.3.2.1.3.1.

This bullet is backed by SSAR
subsection 8.3.2.2.1 (2nd paregraph).

——
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- The differential relays in one
division and all the interlocks
affiliated with these relays will be
from one 125-volt Class 1E dc system
division. There will be no cross
connections between the redundant o
system divisions through protective
relaying.

The staff understands that the ABWR
design will include an alternstive ac
power source. The staff understands
that this slternate ac power source
will:

be a combustion turbine gererator,

be designed to power sil the normal
ancd/or Class 1€ shutdown loads
necessary within 1 hour or less of
the onset of the station blackout,
such that the plant is capable of
maintaining core coeoling and
containment integrity,

be subject to guality assurance
quidel ines commensurate with
importance to the egquipment’s
function.

have sufficient capacity and

LREPORT FORN ROADMAP TO PRINT

SSAR REFERENCE

8.1.3.1.1.1, 9.5.1

§.2.1.3 (9th pars.)

APPENDIX 1(

8.2.1.3 (9th para.)

GE COMMENTS

First paragraph of referenced
subsection identifies the C1G, es
does rumerous other places in Chapter
8. The main description and purpose
for the C1G is presented in 9.5.11.

The referenced subsection supports
this bullet statement in that the CI6
is BOX larger than each diesel
generstor which, of itself,6 is
capable of “maintaining core cooling
snd containment integrity." See also
B.3.1 0.1, 3rd paragraph.

Subcection 9.5.11.1(1) states the
capability of the CTG to assume its
PIP load autometicelly within twe
minutes, Should it be necessary for
the CTG to assume an emergency bus
load, the operator must act menually.
For Division 11, & circuit breaker
is immediately available for manusl
ciosure. For Divisions | and 111,
circuit breskers are normelly racked
out and must be racked in before they
cen be closed (see Figure 8.3-1,
Sheet 1). However, these operations
cen easily be scconmplished in less
than an hour. A commitment statement
to this effect was added as
subsection (7) of 9.5.11.1,

The qua!l ity assurance guidelines of
section 3.5 of Regulatory Guide 1.115
sre met (as appropriste for mon-Class
1€ Station Blackout Equipment), as
described in Appendix 1C [to be
provided in the near future].

The referenced subsection supports
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capability to supply the normal
non-Class 1€ loads used for safe
shutdown,

11 an AAD power source 15 selected
specifically for satisfying the
reguirements for stetion blackout,
the design should meet the following
criteria:

1. The AAC power source should not
normelly be directiy connected to the
preferred or blacked-put unit’s
onsite emergency aC power system.

2. There should be & minimum
potential for common cause failure
with the preferres or the blacked-out
unit’s onsite emergency &c power
soLrces. No single-point
vulnerability should exist whereby »
weather-related event or single
sctive failure could disable any
portion of the blacked-out unit's
onsite emergency BC power Sources or
the preferred power sources and
simultaneously foil the AR power
source.

3. The AAC power source should be
evailable in & timely morner sfter
the onset of stetion blackout and
have provisions to be manuaily
connected to one or ell of the
redundant sefety buses as reguired.
The time required for meking this

SSAR REFERENCE

APPENDIX 1C

APPENDIX 1T

APPENDIX 1T

GE COMMENTS

this bullet statement in that the C16
is sized to provide sufficient power
for all three plamt investment
protection (PIP) buses, which it
assumes automaticaliy on loss of
offsite power. Aiso, see Shoet 1 of
Figure 8.3-1.

See Figure B.3-1, Sheet 1. In event
of offsite power loss, the C1G is
design to automaticelly sssume the
loads on three non-Class & power
buses, which are designeted for plamt
investment protection (PIP). Manus!
capability for assuming any one of
the three Class 1€ giesel generator
buses is also provided. However, the
breakers which accomplisk this
function are normaily recked out for
Divisions 1 and 111. Division 11 is
normal ly racked in since this
division is the most heavy (oaded,
orxi has the most protection equipment
channels fed from it. Under normel
circumstances, this bresker is alweys
open and the C16 would not be
connected to the emergency ac power
system (Also, see 9.5.11.3).

SSAR Section 9.5.11.2 references
Figure 8.3-1 which shows that there
is “minimum potential for common
cause failure with the .. .onsite
emergency ac power sources® from the
electrical perspective. Protection
from “single-point vulnerability" due
1o "weather-related event or single
active failure” is slso inherent in
the physical separation of the C16
(located in the Turbine Bui'ding
[Figure 9A.4-201) and the diesel
generators (loceted in the Reactor
Building (Figure 98.4-4)).

SSAR Section 9.5.11.2 utetes
“Manuel ly cortrol led breskers also
provide the capability of conmecting
the combustion turbine generator to
any one of the emergency buses if all
other power sources sre iost." Thus,
the C1G has ", . .provisions to be
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equipment availablie should not be
more than 1 hour as demonstrated by
tast. 1f the AAL power source can be
demonstrated by test to be aveilable
to power the shutdown buses within 10
minutes of the onset of station
bleckout, no coping analysis is
reguired,

“. The AAC power source should have
sufficient capacity to operate the
systems necessary for coping with &
station blackout for the time
reguired to bring and meintain the
plant in safe shutdown.

5. The AAC power system should be
inspected, meinteined, and tested
periodicelly to demonstrate
operability end relisbility. The
relisbility of the AAL power system
should meet or exceed 95 percent as
determined in sccordesnce with
NSAC-108 (Ref. 11) or equivalent

me thodo |l ogy .

(The remsinder of criterie in 3.3.%
pertaing to multiple-unit sites anvd
does not apply to the single-unit
ABWE plant design.)

SSAR REFERENCE

APPENDIX 1C

APPENDIX C

GE COMMENTS

manuslly connacted to one or all of
the redundant safety buses as
required. ™

The configureation and capability
oescribed in the response for
criterion 1 shows that manus!(
connections to osny one of the Class
1€ buses should be easily

acconpl ished within the 10-minute
period. It is sssuned this can be
successful ly demonstrated by test;
theretore, no coping anslysis is
reguired.

Figure 8.3-1, Sheer 1 indicates the
CTG’s rating at 9 aw. This
considerably exceeds thst of each
diesel generator, which is rated at §
i, and which is capable of bringing
the unit to shutdown. Therefore, the
CT5 has more then *. . gufficient
capacity to operate the systems...10
bring and maintein the plant in safe
shutdown. ¥,

SSAR Section 9.5.11.4 states that
"$ite acceptance testing, periodic
surveiliance testing and preventive
meintenance, inspections, etc., shall
be performed.. . "Also, per that same
sertion, the C16 must undergo factory
testing similar to the diesel
generator (i.e., per 1EEE 387) unless
its reliability maintains 99X over a
five-yesr period.

The reliablity reguirement of
“...meet or exceed 95 percent as
determined in accordance with
NSAC-10B.. . " wes soded 8t the erd of
the first parsgraph of 9.5.11.4, page
$.5-10.3,
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8.3.3 General Onsite Power System Information

The NRC Standard Review Plan (SRP) format identifies sections 8.3.1 and 8.3.2
as ac and dc Power Systems, respectively. However, some information is
applicable to both ac and dc systems. This information is presented in this
section in order to avoid the need for repetition in sections 8.3.1 and 8.3.2.

8.3.3.1 Physical Separation and Independence

All cables are supported in raceways (i.e., tray, conduit, or wireways).
All electrical egquipment is separated in accordance with IEEE Std 384,
Regulatory CGuide 1.75 and General Design Criterion 17, with the following
clarifying interpretations of IEEE Std 384:

(1) Enclosed solid metal raceways are required for separation between Class 1E
or associated cables of different safety divisions or between Class 1E or
associated cables and non-Class lE cables if the vertical separation
distance is less than 1.5 meters (five feet), the horizontal separation
distance is less than 0.9 meters (three feet) and the cables are in the
same fire area,

(2) Both groupings of cables requiring separation per item one must be enclosed
in solid metal raceways and must be separated by at least 2.54 cm (1
inch.).

To meet the provisions of Policy Issue SECY-89- 013, which relates to fire
tolerance, three hour rated fire barriers are provided between areas of
different safety divisions throughout the plant except in the primary
containment and the control room complex. See Section 9.5.1.0 for a detailed
description of how the provisions of the Policy Ilssue are met.

The overall design objective is to locate the divisional equipment and its
associated control, instrumentation, electrical supporting systems and
interconnecting cabling such that separation is maintained among all divisions.
Redundant divisions of electric equipment and cabling are located in separate
rooms or fire areas wherever possible.

Electric equipment and wiring for the Class 1E systems which are segregated
into separate divisions are separated sc that no design basis event is capable
of disabling more than one division of any ESF total function.

The protective actions (that is, the initiation of a signal with the sense and
command features, or the operation of equipment within the execute features,
for the purpose of accomplishing a safety function) of each redundant load
group is electrically independent c¢f the protective actions provided by
redundant load groups. Cross talk between divisions to facilitate the
two-out-of -four logic for the Safery System Logic and Control (SSLC) is
accomplished by fiber-optic medium.

c:\owb2\cht/insertsf.wp  March 31, 1993 -5
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The Class 1E divisional ac switchgear, power centers, battery rooms and dc
distribution panels and MCCs are located to provide separation and electrical
isclation among the divisions. Separation is provided among divisional cables
being routed between the equipment rooms, the Main Control Room, containment
and other processing areas. Equipment in these areas is divided into Divisions
I, 11, II1 and IV and separated by barriers formed by walls, floors, and
ceilings. The equipment is located to facilitate divisional separation of
cable trays and to provide access to electrical penetration assemblies.
Exceptions to this separation objective are identified aud analyzed as to
equivalency and acceptability in the fire hazard analysis. (See Appendix 9A.5)

The penetration assemblies are located around the periphery of the
containment and at different elevations to facilitate reasonably direct routing
to and from the equipment. WNo penetration carries cables of more than one
division.

S-paration within the main control room is designed in accordance with 1EEE
384, and is discussed in Subsection 8.3.3.6.2.2.3.

Wiring for all Class 1E equipment indicating lights is an integral part of
the Class 1E cables used for control of the same equipment and are considered
to be Class 1E circuits.

Associated Class 1lE circuits remain with or are physically separated in the
same manner as those Class 1E circuits with which they are associated; or
associated Class 1E circuits remain with or are physically separated in the
same manner as those Class 1E circuits with which they are associated, from the
Class 1E equipment to and including an isolation device. Associated Class 1E
circuits (including their isclation devices or their connected safety or
non-safety system loads without isolation devicez) are subject to all
requirments placed on Class 1E circuits,

The careful placing of equipment is important to the necessary segregation
of circuits by division. Deliberate routing in separate fire areas on
different floor levels, and in embedded ducts is employed to achieve physical
independence.

8.3.3.2 Testing

The design provides for periodically testing the chain of power system
elements from power supplies through driven equipment to assure that Class 1E
equipment is functioning in accordance with design requirements. Such on-line
testing is greatly enhanced by the design, which utilizes three independent
power divisions. For equipment which carmot be tested during plant operation,
the reliability is such that testing can be performed during plant shutdown
(for example, safety relief valves and certairn isolation valves). The
requirements of IEEE Std 379 Regulatory Cuide 1.118 and I1EEE 338 are met.

£.3.3.3 Quality Assurance Requirements

A planned quality assurance program is provided in Chapter 17. This program
inciudes a comprehensive system to ensure that the purchased material,
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manufacture, fabrication, testing and quality control of the equipment in the
emergency electric power system conforms to the evaluation of the emergency
electric power system equipment vendor quality assurance programs and
preparation of pro- curement specifications incorporating quality assurance
requirements. The administrative responsibility and control provided are also
des- cribed in Chaprer 17.

These quality assurance requirements include an appropriate vendor quality
assurance propram and organization, purchaser surveillance as required, vendor
preparation and maintenance of appropriate test and inspection records,
certificates and other quality assurance documentation, and vendor submittal of
gquality control records considered necessary for purchaser retention to verify
quality of completed work.

A necessary condition for receipt, installation and placing of equipment in
service has been the signing and auditing of QA/QC verification data and the
placing of this data in permanent onsite storage files.

8.3.3.4 Environmental Considerations

In addition to the effects of operation in normal service environment., &ll
Class 1E equipment is designed to operate during and after any design basis
event, in the accident environment expected in the arez in which it is located.
All Class 1E electric equipment is qualified to 1EEE 323 as discussed in
Section 3.11.

8.3.3.5 Physical Identification of Safety-Related Equipment
£.3.3.5.1 Power, Instrumentation and Control Systems

Electrical and control equipment, assemblies, devices, and cables grouped
into separate divisions shall be identified so that their electrical divisional
assignment is apparent and so that an observer can visually differentiate
between Class 1E equipment and wiring of different divisions, and between Class
1E and non-Class lE equipment and wires. The identification method shall be
placed on color coding. All markers within a division shall have the same
color. For associated cables treated as Class 1E (see Note 1) , there shall be
an "A" appended to the divisional designation {(e.g., "Al").  The latter "A"
stands for associated. "N" shall be used for nondivisional cables. Associated
cables are uniquely identified by a longitudinal stripe or other color coded
method and the data on the label. The color of the cable marker for associated
cables shall be the same as the related Class 1E csble. Divisicna) separation
requirements of individual pieces of hardware are shown in the .rstem
elementary disgrams. Identification of raceways, cables, etc., shall be
compatible with the identification of the Class 1E equipment with which it
interfaces. Loca- tion of identification shall be such that peints of change
of circuit classification (at isolation devices, etc.) are readily
identifiable.

Note 1 The emergency lighting circuits are the only Class 1E associated
circuits in the pre-certified ABWR design. Any other associated
circuits added beyond the certified design must be specifically
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identified and justified. Associated circuits are defined in Section
5.5.1 of IEEE 3B4-1981, with the clarification for Items (3) and (&)
that non-Class 1E circuits being in an enclosed raceway without the
required physical separation or barriers between the enclosed raceway
and the Class 1E or associated cables makes the circuits (related to the
non-Class 1E cable in the enclosed raceway) associated circuits,

8.3.3.5.1.1 Equipment Identification

Equipment (panels, racks, junction or pull boxes) of each division of the
Class 1E electric system and various CVCF power supply divisions are identified
as follows:

(1) The background of the name-plate for the equipment of a division has the
same color as the cable jacket markers and the raceway markers associated
with that division

(2) Power system distribution equipment {e.g., motor contrel centers,
switchgear, trans- formers, distribution panels, batteries, chargers) is
tagged with an equipment number the same as indicated on the single-line
diagrams.

(3) The nameplates are laminated black and white plastic, arranged to show
black engraving on & white background for non-Class 1E equipment. For
Class lE equipment, the name-plates have color coded background with black
engraving .

8§.3.3.5.1.2 Cable ldentification

All cables ‘or Class lE systems and associated circuits (except those routed
in conduits) a_e tagged every 5 ft prior to (or during) installation. All
cables are tagged at their terminations with a unigque identifying number (cable
number), in addition to the marking characteristics shown below.

Cables shall be marked in a manner of sufficient durability to be legible
throughout the life of the plant, and to facilitate initial verification that
the installation is in conformance with the separation criteria.

Such markings shall be colored to uniquely identify the division (or
non-division) of the cable. Generally, individual conductors exposed by
stripping the jacket are also color coded or color tagged (at intervals not to
exceed 30.5 cm (1 ft.)) such that their division is still discernable.
Exceptions are permitted for individual conductors within cabinets or panels
vhere all wiring is unigue to a single division. Any non-divisional cable
within such cabinets shall be appropriately marked to distinguish it from the
divisional cables.

£.3.3.5.1.3 Raceway Identifcation
All conduit is similarly tagged with & unique conduit number, in addition to

the marking cha- racteristics shown below, at 4.57 meters (15 ft) intervals, at
discontinuities, at pull boxes, at points of entrance and exit of rooms and at
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origin and destination of equipmeni. Conduits coutaining cables operating at
above 600V (i.e., 6.9kV) are also taSjed to indicate the cperating voltage.
These markings are applied prior to the installation of the cables.

All Class 1E cable raceways are marked with the division color, and with
their proper raceway identification at 4 57 meters (15 ft) intervals on
straight sections, at turning points and at points of entry and exit from
enclosed areas. Cable trays are marked prior to imnstallation of their cables.

To help distinguish the neutron-monitoring and scram solenoid cables from
other type cables, the following unique voltage class designations and markings
are used:

Type of Unique
Special Cables Voltage Class
Neutron-monitoring VN

Scram solenoid cables Vs

The VN or VS markings are superimposed on the divisional color markings, and
placed at the same intervals.

Neutron-monitoring cables are run in their own divisional conduits and cable
trays, separately from all other power, instrumentation and control cables.
Scram solenoid cables are run in a separate conduit for each rod scram group.

The redundant Class 1E, equipment and circuits, assigned to redundant Class
1E divisions and non-Class 1E system equipment and circuits are readily
distinguishable from each other without the necessity for consulting reference
materials. This is accomplished by color coding of equipment name-plates,
cables and raceways, as described above.

£.3.3.5.1.4 Sensory Equipment Grouping and Designation Letters

Redundant sensory logic/control and actuation eguipment for safety-related
systems shall be identified by suffix letters. Sensing lines are discussed in
Section 7.7.1.1.
8.3.3.6 Independence of Redundant Systems

8.3.2.6.1 Powver Systems

The Class 1E onsite electric power systems and major components of the
separate power divisions is shown on Figure € .3-1.

Independence of the electric equipment and raceway systems between the
different divisions is maintained primarily by firewall-type separation as
described in Subsection 8.3.3.6.2. Any exceptions are justified in Appendix
9A, Subsection 9A.5.5.5.
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The physical independence of electric power systems complies with the
requirements of 1EEE Standard 384, General Design Criteria 17, 18 and 21 and
KRC Regulatory Guides 1.6 and 1.75.

8.3.3.6.1.1 Class 1E Electric Equipment Arrangement

Class 1E electric equipment and wiring is segregated into separate
divisions so that no single credible event is capable of disabling enough
equipment to hinder reactor shutdown and removal of decay heat by either of
two unaffected divisional load groups or prevent isslation of the
containment in the event of an accident. Separation requirements are
applied to control power and motive power for all systems involved.

(2) Equipment arrangement and/or protective bar- riers are provided such that
no locally ge- nerated force or missile can destroy any re- dundant RPS,
NSSS, ECCS, or ESF functions. In addition, arrangement and/or separation
barriers are provided to ensure that such disturbancis do not affect both
HPCF and RCIC systems.

(3) Routing of wiring/cabling is arranged such as to eliminate, insofar as
practical, all potential for fire damage to cables and to separate the
redundant divisions so that fire in one division will not propagate to
another division. Class 1E and non-Class 1E cables are separated in
accordance with IEEE 384 and R.G. 1.75 (see Figures 9A.4-1 through
94.4-16).

(4) An independent raceway system is provided for each division of the Class 1E
electric system. The raceways are arranged, physically, top to bottom, as
follows (based on the function and the voltage class of the cables):

(a) V&4 = Medium voltage power, 6.9kV (Bkv insulation class).

(b) V3 = Low voltage power including 480 VAC, 120 VAC, 125 VDC power and
all instrumentation and control power supply feeders (600V
insulation class).

(e) VZ = High level signal and control, including 125 VDC and 120 VAC
controls which carry less than 20A of current and 250 VDC or ac
for relay contactor control.

(d) V1 = Low level signal and control, including fiber-optic cables and
wetallic cables with analog signals up to 55 VDC and digital
signal up to 12 VDC,

Power cables (V3) are routed in flexible metallic conduit under the raised
floor of the control room. For EMI considecations, power cables are routed
in metallic conduit wherever they come in close proximity with low level
(V1) cables.

(5) Class 1E power system power supplies and distribution equipment {(including
diesel generators, batteries, battery chargers, CVCF power supplies, 6.9 kV
switchgear, 480-volt load centers, and 480-volt motor control centers) are
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located in areas with access doors that are administratively controlled.

In addition, ac and dc distribution panels are located in the same or
similar areas as Class 1E power supplies and distribution equipment, or the
distribution panels are designed to be locked, so that access to circuit
breakers located inside such panels can be administratively controlled.

The physical design of the ABWR permits the administrative control of
access to Class 1lE power equipment areas (see Section 13.6.3).

3.6.1.2 Electric Cable Installation

Cable Derating and cable tray fill--Base ampacity rating of cables is
established as described in Subsection 8.3.3.8.1. Electric cables of a
discrete Class 1E electric system division are installed in a cable tray
system provided for the same division. Cables are installed in trays in
accordance with their voltage ratings and as described in Subsection
8.3.3.6.1.1(4). Tray fill is as established in Subsection 8.3.3.8.

Cable routing in potentially hostile areas--Circuits of different safety
divisions are not routed through the same potentially hostile area, with
the exception of main steam line instrumentation and contreol circuits and
main steam line isolation valves circuits which are exposed to possiblz
steam line break and turbine missiles, respectively. Cable routing in the
drywell is discussed in association with the equipment it serves in the
"Special Cases" Section 94.5.

Sharing of cable trays--All divisions of Class 1E ac and dc systems are
previded with independent raceway systems.

Cable fire protection and detection--For details of cable fire protection
and detection, refer to Subsections 8.3.3.8 and 9.5.1.

Cable and raceway markings--All cables (except lighting and nonvital
communications) are tagged at their terminations with a unique identifying
number. Colors used for identification of cables and raceways are covered
in Subsection 8.3.3.5.

Spacing of wiring and components in control boards, panels and relay
racks- -Separation is accomplished by mounting the redundant devices or
other components on physically separated control boards if, from a plant
operational point of view, this is feasible. When operational design
dictates that redundant equipment be in close proximity, separation is
achieved by a barrier or enclosure to retard internal-fire or by a
maintained air space in accordance with criteria given in Subsection
8.3.3.8.2.

In this case, redundant circuits which serve the same Class lE function
enter the control panel through separated apertures and terminate on
separate and separated terminal blocks. Where redundant circuits
unavoidably terminate on the same device, barriers are provided between the
device terminations to ensure circuit separation approved isolators
(generally optical) are used.
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(7) Electric penetration assembly--The separation of electric penetratien

8.3

assemblies exceeds the requirements for cables and raceways given in
Section 6.1.5 of 1IEEE 384. Separation by distance (without barriers) is
allowed only within the inerted containment. Here the minimum allowable
distances of .9 meters (3 feet) and 1.5 meters (5 teet) apply, as
delineated in Section 6.1.5 of IEEE 384. However, the lesser distances
allowed by 1EEE 384 for enclosed raceways does not apply to the containment
penetrations themselves. Crouping of circuits in penetration assemblies
follows the same raceway voltage groupings as described in 8.3.2.6.1.1(4).

For the other ends of the penetrations, which are outside the containment
in the non-inerted areas, separation by distance alone is not allowed.
These are separated by separate rooms, or barriers, or different floor
levels. Such walls, barriers or floors are 3-hour fire-rated.

Such separation criteria applies to the following:
1. Between redundant penetrations,

2. Between penetrations containing non-Class 1lE and penetrations containing
Class 'E or associated Class 1E circuits, and

3. Between penetrations containing Class 1lE circuits and ocher divisional
or non-divisional cables.

Redundant overcurrent interrupting devices are provided for all electrical
circuits (including all instrumentation and control devices, as well as
power circuits) going through containment penetrations, if the maximum
available fault current (including failure of upstream devices) is preater
than the continuous current rating of the penetration. This avoids
penetration damage in the event of failure of any single overcurrent device
to clear a fault within the penetration or beyond it. See Subsection
8.3.4.4 for COL license information,.

.3.6.1.3 Control of Compliance with Separation Criteria During Design and

Installation

Compliance with the criteria which insures independence of redundant systems

is a supervisory responsibility during both the design and installation phases.

The
(1)
(2)
(3)
(4)

(5)

responsibility is discharged by:

identifying applicable criteria:

issuing working procedure to implement these criteria;
modifying procedures to keep them current and woerkable;

checking the manufacturer's drawings and specifications to ensure
compliance with procedures; and

controlling installation and procurement to assure compliance with approved
and issued drawings and specifications.
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The equipment nomenclature used on the ABWR standard design is one of the
primary mechanisms for ensuring proper separation. Each egquipment and/or
assembly of equipment carries a single number, (e.g., the item numbers for
motor drivers are the same as the machinery driven). Based on these
identificatien numbers, each item can be identified as Class 1E or non-Class
1E, and each Class 1E item can further be identified to its safety separation
division. This is carried through and dictates appropriate treatment at the
design level during preparation of the manufacturer's drawings.

Non-Class 1E equipment is separated where de- sired to enhance power
generation reliability, although such separation is not a safety consid-
eration.

Once the safety-related equipment has been identified with a Class 1E safety
division, the divisional assignment dictates a characteristic color {(Subsection
8.3.3.5) for positive visual identification. Likewise, the divisional
identification of all ancillary equipment, cable and raceways match the
divisional assignment of the system it supports.

8.3.3.6.2 Independence of Redundant Class lE Instrumentation and Control
Systems

This subsection defines independence criteria applied to Class 1E electrical
systems and instrumentation and control equipment. Safety- related systems to
which the criteria apply are those necessary to mitigate the effects of
anticipated and abnormal operational transients or design basis accidents.

This includes all those systems and functions enumerated in Subsections
7.1.1.3, 7.1.1.4, 7.1.1.5, and 7.1.1.6. The term "systems" includes the
overall complex of actuated equipment, actuation devices {actuaters), logic,
instrument channels, controls, and interconnecting cables which are required to
perform system safety functions. The criteria outlines the separation
requirements necessary to achieve independence of safety-related functions
compatible with the redundant and/or diverse equipment provided and postulated
events.

8.3.3.6.2.1 General

Separation of the equipment for the systems referred to in Subsections
7.1.1.3, 7.1.1.4, 7.1.1.5, and 7.1.1.6 is accomplished so that they are in
compliance with 10CFR50 Appendix A, Ceneral Design Criteria 3, 17, 21 and 22,
and NRC Regulateory Guides 1.75 (IEEE 384) and 1.53 (1EEE 379).

Independence of mutually redundant and/or di- verse Class 1E equipment,
devices, and cables is achieved by three-hour fire-rated barriers and elec-
trical isclation. This protection is provided to maintain the independence of
nuclear Class lE circuits and equipment so that the protective function re-
quired during end following a design basis event including a single fire
anywhere in the plant or a single failure in any circuit or equipment can be
accomplished. The exceptional cases where it is not possible to install such
barriers have been analyzed and justified in Appendix 9A.5.

8.3.3.6.2.2 Separation Technigues

c:\owbZ\chB/ insertst. wp March 31, 1993 -9-

e 2 e sk T P RN R Sy R SR I SES e — I T B LP——— N . N ———y. el et

B R R N S N S N N IR S W s N« S = S BN

- ETTENeTUST s pereamm———



IR L T LR e o s— e e

MARK-UP TEXT INSERTS

The methods used to protect redundant safety systems from results of single
failures or events are utilization of safety class structures, three-hour fire-
rated protective barriers, and isclation devices.

8.3.3.6.2.2.1 Safety Clars Structure

The basic design consideration of plant layout is such that redundant
circuits and equipment are located in separate safety class areas (i.e.,
separate fire zones) insofar as possible., The separation of Class 1E circuits
and equipment is such that the required inds:pendence will not be compromised by
the failure of mechanical systems served by the Class lE electrical system.

For example, Class 1E circuits are routed or protected so that failure of
related mechanical eguipment of one system cannot disable Class 1E circuits or
equipment essential to the operation of a redundant system. This separation of
Class 1E circuits and equipments make effective use of features inherent in the
plant design such as using different rooms or floors.

B.3.3.6.2.2.2 Three-Hour Fire Rated Protective Barriers

Three-hour fire rated protective barriers shall be such that ne locally
generated fire, or missile resulting from a design basis event {DBE) or from
random failure of Seismic Category 1 egquipment can disable & safetv-related
function. The electrical equipment Jrom the Class 1E power supplies to the
distribution centers are separated by 3-hiur-rated fire barriers. Beyond the
distribution centers, the exceptional cases where it is not possible to install
such barriers have been analyzed and justified in Appendix 9%9A.5.

Separation in all safety equipment or cable areas shall equal or exceed the
requirements of IEEE 3B4.

£.3.3.6.2.2.3 Main Control Room and Relay Room Panels

The protection system and ESF control, logic, and instrument panels/racks
shall be located in a safety class structure in which there are no potential

sources of missiles or pipe breaks that could jeopardize redundant cabinets and
raceways.

Control, relay, and instrument panels/racks will be designed in accordance
with the following general criteria to preclude failure of non-safety circuits
from causing failure of any safety circuit and to preclude failure of one
safety circuit from causing failure of any other redundant safety circuit.
Single panels orinstrument racks will not contain circuits or devices of the
redundant protection system or ESF systems except:

(1) Certain operator interfac .«vrol paneis may have operational
considerations which di.ta.¢ that redundant protection system or ESF system
circuits or devices be located in a single panel. These circuits and
devices are separated horizontally and vertically by a minimum distance of
15.24 cm (6 inches) or by steel barriers or enclosures. Solid or flexible
metalic conduit is considered an acceptable barrier, providing 2 .54 cm (1
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inch) separstion is maincained between the outside wall of the conduit and
other wiring not of the same division.

(2) Class 1E circuits and devices will also be separated from the non-Class 1E
circuits and from each other horizontally and vertically by & minimum
distance of % inches or by steel barriers or enclosures. Solid or flexible
metalic conduit is considered an acceptable barrier, providing 2.54 ca (1
inch) separation is maintained between the outside wall of the conduit and
other wiring not of the same division.

(3) Where electrical interfaces between Class 1E and non-Class 1E circuits or
between Class 1E circuits of different divisions cannot be avoided, Class
1E isolation devices are used (Subsection 8.3.3.6.2.2.4). Solid or
flexible metalic conduit is considered an acceptable barrier, providing
2.54 em (1 inch) separation is maintained between the outside wall of the
conduit and other wiring not of the same division.

(4) If twe panels containing circuits of different separation divisions are
less than 3 feet apart, there shall be a steel barrier between the two
panels. Panel ends closed by steel end plates are considered to be

acceptable barriers provided that terminal boards and wireways are spaced a

minimum of 2.54 cm (1 inch) from the end plate.

(5) Penetration of separation barriers within a subdivided panel is permitted ,
provided that such penetrations are sealed or otherwise treated so that
fire genmerated by an electrical fault could not reasonably propagate from
one section to the other and disable a protective function.

8.3.3.6.2.2.4 1Isclation Devices

Where electrical interfaces between Class 1E and non-Class 1E circuits or
between Class 1E circuits of different divisions cannot be avoided, Class 1E
isolation devices will be used. AC isolation (the FMCRD drives on Division 1
is the only case) is provided by interlecked circuit breaker coordination and
an iscolation transformer as described in Subsection 8.3.1.1.1,

Wiring from Class 1E equipment or circuits which interface with non-Class
1E eguipment circuits (i.e., annunciators or data loggers) is treated as Class
1E and retain its divisional identification up to and including its isclation
device. The output circuits from this isolation device are classified as non-
divisional and shall be physically separated from the divisional wiring.

8.3.2.6.2.3 System Separation Requirements

Specific divisional assignment of safety-related systems and equipment is
given in Table 8.3-1. {(Note that in Table 8.3-1, diesel generator “A"
corresponds with Class 1lE electrical diwvision "1", "B" with "II", and "C" with
"111".) Other separatior requirements pertaining to the RPS and other ESF
systems are given in the fcllowing subsections.

8.3.3.6.2.3.1 Reactor Protection (Trip) System (RPS)
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The following separation requirements apply to the RPS wiring:

RPS sensors, sensor input circuit wiring, trip channels and trip lcgic
equipment will be arranged in four functionally independent and
divisionally separate groups designated Divisions I, II, II and IV. The
trip channel wiring associated with the sensor input signals for each of
the four divisions provides inputs to divisional logic cabinets which are
in the same divisional group as the sensors and trip channels and which are
functionally independent and physically separated from the logic cabinets
of the redundant divisions.

Where trip channel data origirating from sensors of one division are
required for coincident trip logic circuits in other divisions, Class 1E
isolation devices (i.e., fiber optic medium) will be used as irterface
elements for signals sent from one division to another such as

to maintain electrical isolation between divisions.

(3)

(4

(6)

Sensor wiring for several trip variables associated with the trip channels
of one division may be run together in the same conduits or in the same
raceways of that same and only division. Sensor wiring associated with cne
division will not be routed with any wiring or cabling associated with &
redundant division.

The scram solenoid circuits, from the actuation devices to the solenoids of
the scram piiot valves of the CRD hydraulic contrel units, will be run in
grounded steel conduits, with no other wiring contained within the
conduits, so that each scram group is protected against a hot short to any
other wiring by a grounded enclosure. Short sections (less than one meter)
of flexible metallic conduit will be permitted for making connections
within panels and the comnections to the solencids.

) Separate grounded steel conduits will be provided for the scram selenoid

wiring for each of four scram groups. Separate grounded steel conduits
will alsc oe provided for both the A solenoid wiring circuits and for the B
solenoid wiring circuits of the same scram group.

Scram group conduits will have unique ident- ification and will be
separately routed as Division 11 and 11l conduits for the A and B solenoids
of the scram pilot valves, respectively. This corresponds to the
divisional assignment of their power sources. The conduits containing the
scram solenoid group wiring of any one scram group will also be physically
separated by a minimum separation distance of 2.54 cm (1 inch) from the
conduit of any other scram group, and from metal enclused raceways which
contain either divisional or non-Class lE (non-divisional) circuits. The
scram group conduits may not be routed within the confines of any cother
tray or raceway system. The RPS condiits containing the scram group wiring
for the A and B solenocids of the scram pilot valves (associated with
Divisions 11 and 111, respectively), shall be separated from non-enclosed
raceways associated with any of the four electrical divisions or
non-divisional cables by 0.9 m (3 ft) horizontal, or 1.5 m (5 ft) vertical,
or with an additional barrier separated by 2.5 em (1 inch).
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(7) Any scram group condult may be routed alongside of any cable or raceway
containing either Class 1E circuits {(of any division), or any cable or
raceway containing non-Class 1E circuits, as long as the conduit itself is
not within the boundary of any raceway which contains either the divisional
or the non-Clas 1lE circuits and is physically separasted from said cabies
and raceway boundaries as stated in (6) above. Any one scram group conduit
may also be routed along «ith scram group conduits of the same scram group
or with conduits of any of the three other scram groups as long as the
minimum separation distance of 2.5 cm {one inch) is maintained.

(8) The standby liquid control system redundant Class 1E contrels will be run
as Division I and Division II so that no failure of standby liquid control
(SLC) function will result from 2 single electrical failure in a RPS
circuic.

(9) The startup range monitoring (SRNM) subsystem cabling of the NMS cabling
under the vessel is treated as divisional. The SRNM cables will be
assigned to Divisien I, 11, II1 and IV. Under the vessel, cables will be
enclosed and separated as defined in Appendix 94.5.5.5.

8.3.3.6.2.3.2 Other Safety-Related Systems

(1) Separation of redundant systems or portions of a svstem shall be such that
no single failure can prevent initiation and completion of an engineered
safeguard function.

(2) The inboard and outboard isclation valves are redundant to each other so
they are made independent of and protected from each other to the extent
that no single failure can prevent the operation of at least one of an
inboard/ outboard pair.

{3) Isclation valve circuits require special attention because of their
function in limiting the consequences of a pipe break outside the primary
containment. Isolation valve control and power circuits are required to be
protected from the pipe lines that they are responsible for isclating.

Class 1F isolation valve wiring in the vicinity of the outboard valve {or
downstream of the valve) shall be installed in conduits and routed to take
advantage of the mechanical protection afforded by the valve operator or
other available structural barriers nct susceptible to disabling damage
from the pipe line break. Additionsl mechanical protection (barriers)
shall be interposed as necessary between wiring and potential sources of
disabling mechanical damage consequential to a break downstream of the
outboard valve.

(4) The several systems comprising the ECCS have their various sensors, logics,
actuating devices and power supplies assigned to divisions in accordance
with Table 8.3-1 so that no single feilure can disable a redundant ECCS
function. This is accomplished by limiting consequences of a single
failure to equipment listed in any one division of Table £.3-1. (Note that
in Table 8 3-1, diesel generator "A" corresponds with Class 1E electrical
division "I", "B" with "II", and “C" with *I11".) The wiring to the ADS
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solennid valves within the drywell shall run in rigid conduit. ADS
conduit for solencid A shall be divisionally separated from solenoid B
conduit., Short pieces (less than .6 m [2 ft.]) of flexible conduit may be
used in the vicinity of the valve solenvids.

Electrical egquipment and raceways for systems listed in Table 8.3-1 shall
not be located in close proximity te primary steam piping (steam leakage
zone), or be designed for short term exposure to the high temperature leak.

Class lE electrical equipment located in the suppression pool level swell
zone is limited to suppression pool temperature monitors and their feeder
cables. The terminations are sealed such that operation would not be
impaired by submersion due to pool swell or LOCA. Consistent with their
Class 1E status, these devices are also qualified to the requirements of
1EEE 323 for the environment in which they are located.

Containment penetrations avre so arranged that no design basis event can
disable cabling in more than one division. Penetration. do not contain
cables of more than one divisional assignment.

Annunciator and computer inputs from Class lE equipment or circuits are
treated as Class 1E and retain their divisional identification up to a
Class 1E isolation device. The output circuit from this isolation device
is classified as nondivisional.

Annunciator and computer inputs from non- Class lE equipment or circuits do
not require isolation devices.

B8.3.3.7 Electrical Penetration Assemblies

When the vendor-unique characteristics of the penetrations are known, the
following will be provided:

1) fault current clearing-time curves of the electrical penetrations’
primary and secondary.current interrupting devices plotted against the
thermal capability (I"t) curve of the penetration, along with an
analysis showing proper coordination of these curves;

2) a simplified one-line diagram showing the location of the protective
devices in the penetration circuit, with indication of the maximum
available fault current of the circuit;

3) specific identification and location of power supplies used to provide
external control power for tripping primary and backup electrical
penetration breakers (if utilized);

4) an analysis demonstrating the thermal capability of all electrical
conductors within penetrations is preserved and protected by one of the
following:

a) The maximum available fault current (including single-failure of an
upstream device) is less than the maximum continuous current capacity
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(based on no damage to the penetration) of the conductor within the
penetration; or

b) Redundant circuit protection devices are provided, and are adequately
designed and set to interrupt current, in spite of single-failure, at
& value below the maximum continuous current capacity (based on no
damage to the penetration) of the conductor within the penetration.
Such devices must be located in separate panels or be separated by
barriers and must be independent such that failure of one will not
adversely affect the other. Furthermore, they must not be dependent
on the same power supply.

Current-limiting devices designed to protect the penetrations shall be
periodically tested (see 8.3.4.4).

AINSERT B (19 CONF)

IEEE Std 141 Recommended Practice for Electric Power Distribution for
Industrial Flants (IEEE Red Book)

IEEE Std 242 Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems (IEEE Buff Book)

ANSERT C (19 CONF)

IEEE Std 399 Recommended Practice for Industrial and Commercial Power
Systems Analysis (1EEE Brown Book)

INSERT D (19 cOL)

8.2.4.2 Plant Procedures when a Reserve or Unit Auxiliary Transformer is Out
of Service

Appropriate plant operating procedures will be imposed whenever the Reserve
Auxiliary Transformer is out of service.

When a Unit Auxiliary Transformer is out of service such that only the
alternate offsite source is available to the downstream Class l1E bus,
appropriate plant operating procedures will be imposed unless all of the
following conditions coexist:

(1) The combustion turbine generator (CTG) is available,

(2) The bus arrangement is aligned such that the CTC can serve as a
backup ‘offsite’ power source to the saffected Class 1E bus, and

(3) Both of the remaining Class 1E buses are functional and have access
to both the normal and alternate offsite sources.
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INSERT E (35 CONF)
{5) Other Criteria

(a) 1EEE 741 - "Standard Criteria for the Protection of Class 1E Power Systems
and Equipment in Ruclear Power Cenerating Stations"

The ABWR fully meets the requirements of this standard.

INSERT F (35 CONF)

(5) Other Criteria

(a) IEEE 946 - "Recommended Practice for the Design of Safety-Related DC
Auxiliary Power Systems for Nuclear Power Generating Stations"

The ABWR fully meets the requirements of this standard.

INSERT G (65 CONF)

This equipment is designed and qualified to survive the combined effects of
temperature, humidity, radiation, and other conditions related with a LOCA or
other design-basis event environment at the end f their qualified and/or
design life.

INSERT H (43 GORF)

These overload bypasses reet the requirements of IEEE 603, and are capable of
being periodically tested (see 8.3.4.24).

INSERT 1 (71 CONF)
Section 5.2 of I1EEE 308 is addressed for the ABWR as follows:

Those portions of the Class lE power system that are reguired _o support safety
systems in the performance of their safety functions meet the requirements of
IEEE 603, In addition, those other normal components, eguipment, and systems
(that is, overload devices, protective relaying, etc) within the Clases lE power
system that have no direct safety function and are unly provided to increase
the availability or reliability of the ClasslE power system meet those
requirements of IEEE 603 which assure that those components, equipment, and
systems do not degrade the Class 1E power system brlow an acceptable level.
However, such elements are not reguired to meet criteria as defined in 1EEE 603
for: operating bypass, maintenance bypass, and bypass indication.”

INSERT J (72 OPEN/CONF)
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(8) In addition, an external elec ‘ical protecticn assembly (EPA) is provided
vhich performs similar function as the monitor described in (7) abov- (see
Figure 8.3-3, Sheet 1).

INSERT K (23 CONF) & (69 CONF)

These transfer switches are classified as Class 1E associated, and zre treated
as Class 1E.

INSERT L (33 CONF)

The design minimizes the probability of a single failure affecting more than

one FMCRD group by providing three independent Class 1E feeds (one foc each

group) directly from the Division I Class 1E 6.9 kV bus (see sheet 3 of Figure
8.3-1).

e e e e R e L A e Rl e e S

INSERT M (69 CONF) [Note: this insert is placed within Insert A above ] :

Associated Class 1E circuits remain with or are physically separated in the
same manner as those Class 1E circuits with which they are associated; er
associaced Class lE circuits remain with or are physically separated in the
same manner as those Class 1E circuits with which they are associated, from the
Class 1E equipment to and including an isolation device. Associated Class 1E
circuits (including their isclation devices or their connected safety or
non-safety system loads without isolation devices) are subject to all
requirments placed on Class 1lE c¢ircuits.

INSERT N (69 CONF)

The Class 1E load breakers in conjunction with the zone selective interlocking
feature (which is also Class 1E), provide the needed isolation between the
Class 1E bus and the non-Class 1E loads. The feeder circuits on the upstream
side of the Tlass 1lE load breakers are Class 1E. The FMCRD circuits on the ‘
load side of the Class 1E load breakers down to and including the transfer |
switches are Class 1E Associated. The feeder circuits from the non-Class 1E

PIP bus to the transfer switch, and circuits downstream of the transfer switch, '
are non-Class lE. ]

Non-Class 1E loads being supplied from a Class 1E bus exists only im Division

1, as described above for the PMCRD's. Non-Class 1E loads are not permitted on

Divisions 1I or II1. This prevents any possibility of interconnection between
Class 1E divisions. |

INS:®T O (81 CONF)
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In accordance with this standards, each of the four Class 1E 125-volt
batteries:

1) is capable of starting and operating its required steady state and
transient loads,

2) is immediately available during both normasl operations and following
loss of power from the alternating current systems,

3) has sufficient stored energy to provide an adequate source of power for
starting and operating all requirea 10CA and/or LOPP loads and circuit
breakers for two hours with no ac power,

4) has suffirient stored emergy to provide power in excess of the capacity
of the battery charger when needed for transients,

5) has a capacity design margin of 5 to 15 percent to allow for less than
optimum operating conditions,

€) has a 25-percent capacity design margin to compensate for battery aging,

7) has a 4-percent capacity design margin to allow for the lowest expected
electrolyte temperature of 21C (70F),

8) has a number of battery cells chat correctly matches the battery-to-
system voltage limitations,

9) bases the first minute of the batteries’ duty cycle on the sum of all
momentary, continuous, and noncontinuous loads that can be expected to
operate during the one minute follewing a LOCA and/orlOPP,

10) is designed so that each battery's capacity can periodically be
verified.

INSERT P (B2 CONF)
When the diesel is started from t'.2 local con.rol station, the engine will

attain rated voltage and frequency, then remain on standby without load
sequencing (i.e., the generator breaker will remain open).

INSERT Q (BZ CONF)
To avoid depleting air start capability, following unsuccessful automatic
starting of the diesel generator with and without ac external power, each

diesel generator's air receiver tanks will have sufficient air remaining for
three more successful starts without recharging.

INSERT R (85 CONF)

€ \owh2\chB/ inserts? .up March 31, 1993 18-
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MARK-UP TEXT INSERTS

A capacity and voltage drop analysis will be performed in accordance with 1EEE
141 to assure that power sources and distribution equipment will be capable of
transmitting sufficient energy to start and operate all required loads for all
plant conditions.

IRSERT § (87 CONF)
(7) The bus tie arrangment, and the capacity and capability of the CIG, is
designed such that the time to place the CTC on line to feed any one train

of shutdown loads (i.e., includes manual connection to any one Class 1lE
bus) shall be within 10 minutes.

INSERT T (87 CONF - RG 1.155, Sect. 3.3.5 assessment)

The reliability of the CTC should meet or exceed 95 percent as determined in
accordance with NSAC-108B or equivalent methodology.

INSERT U (B7 CONF - RG 1.155, Sezt, 3.3.5 assessment)

6. Electric Power Research Institute, “Reliability of Emergency Diesel
Generators at U.S. Nuclear Power Plents,™ NSAC-108, September 198¢,

INSERT ¥ (66 CONF)

Light fixtures in safety areas are seismically supported, and are designed with
appropriate grids or diffusers, such tha. broken material will be contained and
will not become a "azard to personnel or safety equipment during or following a
seismic event.

£:\owb2 \chB/ insertst.up sMarch 31, 1993 «19-
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(8)

%

(10)

(11)

(12)

(13)

(14)

Radiation shiclding is provided and access
control patterns ire established 1o allow a
properly traiced operating staff to control
radiation doses within the limits of
applicable regulations in any mode of normal
plant operations.

Those portions of the nuclear system that
form part of the reactor coolant pressure
boundary are designed (o retain integrity as
a radioactive material containment barrier
following abnormal operational transicnls
and accidents.

Nuclear safety systems and engincered safety
features function to assure that no damage
to the reactor coolant pressure boundary
results from internal pressures caused by
abnormal operational tramsients and
accidents.

Where positive, precise action is immediate-
ly required in response to abnormal opera-
tional transiests and accidents, such action
is automatic and requires no decision or
manipulation of controls by plant operations
personnel.

Safety related actions are provided by
cquipment of sufficient redundance and inde-
pendence so that no single failure of active
components, or of passive components in cer-
tain cases in the long term, will prevent
the required actions.

Provisions are made for control of active
components of safety related systems from
the control room.

Safety related systems are designed to
permit demonstration of their functional
performance requirements.

The design of safety reilated systems,
components and structures includes

Amendment
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(15)

(16)

(amn

(18)

(19)

(20)

(21)

(22)

23A6100AC
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allowances for natura! environmental
disturbances such as carthquakes, floods,
and storms at the station site.

Standby electrical power sources nave
sufficient capacity to power all safety
related systems requiring clectrical power
concarrently.

Standby electrical power sources are
provided to allow prompt reactor shutdown
and removal of decay heat under circum-
stances where normal auxiliary power is not
available.

A containment is provided that completely
encloses the reactor systems, drywell, and
suppression chambers. The containment
employs the pressure suppression concept.

It is possible to test primary contain-
ment integrity and leak tightness at
periodic intervals.

A secondary containment is provided that
completely encloses the primary containment
above the reactor building basemat. This
secondary contaioment provides for a
controlled, monitored release of any
potential radioactive lcakage from the
primary containment.

The primary containment and sccondary
containment in conjunction with other
safety related features limit radio-
logical effects of accidents resulting in
the release of radioactive material to the
containment volumes to less than the
prescribed acceptable limits.

Provisions are made for removing cnergy
from the primary containment as necessary
to maintain the integrity of the
containment system following accidents that
release energy to the containment.

Piping that penctrates the primary
contzinment and could serve as a path for
the urcoctroiied release of “adioactive
material io the environs is automatically
isolated when necessary to limit the
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TABLE 1.8-21 (Continued)
INLUSTRIAL CODES AND STANDARDS
APPLICABLE TO ABWR
Year Title
197 Criteria for Protection Systems for NGPS
1980 Criteria for Class 1E Power Systems for NPGS
1983 Electriczl Penetration Assemblies in Containment
o ~, Structures for NFGS
/1982
A9 Qualifying Class 1E Equipment for NPGS
N e
1974 MotmmePGS,UPGdeCauinuoustydmlﬁ
1977 Criteria for the Periodic Testing of NPGS Safery
Systems
1987 Recommended Practices for Seismic Qualifications of
Class 1E Equipment for NPGS
1977 Standard Application of the Singie Failure Criterion to
NPGS Safery Systems
1985 Qualification of Actuators for Power Operated Valve
Assemblies with Safety-Related Functions for NPP
1974 Type Test of Class 1E Cables; Field Splices and
Conspections for NPGS
1981 Criteria for Independence of Class 1E Equipmesnt and
Circuits
1984 Criteria for Diesel-Generator Usils Applicd as Standby
Power Supplies for NPGS
1987 Practice for Maintenance, Testing, and Replacement of
Large lead Storage Batteries for Generating Stations
and Substations
1987 Recommended Practice for the lastallation Design and

Installation of Large Lead Storage Batteries for NPGS
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(1) specified acceptable fuel design limus and
design conditions of the reactor coolant
pressure boundary are not exceeded as a
result of anticipated operational
occurrences, and

(2) the core is cooled and containment integrity
and other vital functions arc maintained in
the event of postulated accidents.

The onsite clectric power supplies including
the batteries, and the onsite electric dis-
tribution system shall have sufficient
independence, redundancy, and testability 1o
perform their safety functions assuming 2 single
failure

Electric power from (he transmission network
to the onsite electric distribution system shall
be supplied by two physically independent cir-
cuits (not necessarily on separate rights of way)
designed and located to minimize to the extent
practical the likelihood of simultancous failure
under operating and postulated accident and envi-
ronmental conditions. A switchyard common to
both circuits is acceptable. Each of these cir-
cuits shall be designed to be available in suffi-
cient time following a loss of all onsite alter-
pating current power supplies and the other off-
site electric power circuil to assure that speci-
fied acceptable fuel design limits and design
conditions of the reactor coolant pressure boun-
dary are not exceeded. One of these circuits
shall be designed to be available within a few
seconds following a loss-of-coolant accident to
assure that the core cooling, containment inte-
grity, and other vital safety functions are
maintained.

Provisions shall be included to minimize the
probability of losing electric power from any of
the remaining supplies as a result of or
coincident with, the loss of power generated by
the nuclear power unit, the loss of power from
the transmission network, or the loss of power
from the onsite electric power supplics.

112282 Evaluation Against Criterion 17

1122821 Ousite Electric Power System

Amendment
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There are three independent AC load groups
provided to assure independence and redundancy
of equipment function. These mect the safety
requirements, assuming a single failure, since:

(1) each load group is independently capable of
isolation from the offsite power sources,
and

{2) cach load group has separate circuits to
independent power sources.

For cach of the three AC load groups there
are independent batteries which furnish DC load
and control power for the corresponding divi-
sions. An additional battery furnishes DC load
and control power for the safety system logic
and control (SSLC) Division 1V bus.

The reactor protection instrumentation is
powered from four independent AC/DC power
sources

The onsite electric power systems are
designed to meet the requirements of Criterion
17. For further discussion, see the fellowing
sections:

Chapter/
Seclion Tide
(1 112 General Plant Description
(2) 310 Seismic Qualification of Seismic
Category | Instrumentation and
Electrical Equipment
(3) 3in Esvironmental Qualification of
Safety-Related Mechanical and
Electrical Equipment
(49 83 Onsite Power Systems

3122522 Offsite Electric Power System

A part of the design of the offsite power
systems is out of the scope of the ABWR design.
A description of the offsite power system and
the scope split between the ABWR Standard Plant
design and the COL applicant design is defined
in Subsection 8.2.1.1 and 8.2.1.2. The ABWR
Standard Plant interfaces requirements arc
addressed in Subsection 8.2.3 and 8.2.4.

3111
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applicable, these parameters are given in terms
of a time-based profile.

The magnitude and 60-year frequency of occur-
rence of significant deviations from normal plant
environments in the zones have insignif- icant
effects on equipment total thermal normal aging
or accident aging. Abnormal conditions are
overshadowed by the normal or accident conditions
in the Appendix 31 tables.

Margin is defined as the difference between the
most severe specificd service conditions of the
plant and the conditions used for qualification.
Margins shall be included in the qualification
parameters to account for normal variaticns in
commerc.al production of cquipment and reasonable
errors in defining satisfactory performance. The

| environmentai conditions shown in the Appendix 31
tables do not include margins.

Some mechanical and electrical equipment may
be required hy the design to perform an intended
safety function between munutes of the occurrence
of the event but less than 10 bours into the
event. Such equipement shall be shown to remain
functional in the accident environment for a
period of at least 1 houre in excess of the time
assumed in the accident anylysis unless a time
margin of less thao 1 bhour can be justified.
Such justification will include for cach piece of
equipment: (1) consideration of a spectrum of
breaks; (2) the potential need for the equipment
later in the event or during recovery operations;
(3) detemination that failure of the equipment
after performance of its safety function will not
be detrimental to plant safety or mislead the
operator; and (5) determination that the margin
applied to the minimum operability time, when
combined with other test margins, will account
for the uncertainties accociated with the use of
analytical techniques in the derivation of
environmental parameters, the sumber of units
tested, production tolerances, and test equipment
I0ACCUracies

The environmental conditions shown in the
Appendix 31 tables are upper-bound epvelopes used
to establish the environmental design and quali-
fication bases of safety-related equipment. The
upper bound envelopes indicate that the zone data
reflects the worse case expected environment
produced by a compendium of accident conditions.

Amendment 21
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Estimated chemical environmental conditions are
also reported is Appendix 31.

3.11.2 Qualification Tests and Analyses

Al
\\,Aﬁ'a!ety—relaled clectrical cquipnenl&ﬁ—‘e

ocatedisn-—a-barsi-roweemment is qualified by
test or otbher methods as described in [EEE 323

in-il
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and permitted by 10CFRS0.49(f) (Reference 1).
Equipment type test is the preferred method of

ification.
oy ——

alcty-related mechanical equipment that is
located in a harsh environment is gqualified by
analysis of materials data which are generally
based on test and operating experience.

The qualification methodology is described in
detail in the NRC approved licensing Topical
Report on GE's environmental qualification
program (Reference 2). This report also add-
resses compliance with the applicable portions of
the General Design Criteria of 10CFR50, Appendix
A, and the Quality Assurance Criteria of 10CFR50,
Appendix B. Additionally, the report describes
conformance to NUREG-0588 (Reference 3), and
Regulatory Guides and IEEE Standards referenced
in Section 3.11 of NUREG-0800 (Standard Review
Plan).

Mild environment is that which, during or
after a design basis event (DBE, as defined in
Reference 2), would at no time be significantly
more severe than that which exists during normal,
test and abnormal events.

The COL applicant will require vendors of
equipment located in a mild environment 10 submit
a certificate of compliance certifying that the
equipment has been qualified to assure its
required safety- related function in its
applicable ¢nvironment. This equipment is
qualified for dynamic loads as addressed in
Sections 3.9 and 3.10. Further, a surveillance
and mainienance program will be developed to
ensure equipment operability during its designed
life. (Sec Subsection 3.11.6).

3.11.3 Qualification Test Results
The results of qualification tests for
safety-related equipment will be documenied,

maintained, and reported as mentioned in
Subsection 3.11.6.

Amendment 24
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3.11.4 Loss of Heating, Ventilating, and Air
Conditioning

To ensure that loss of beating, ventilating,
and air conditioning (HVAC) system does not
adversely affect the operability of safety-
related controls and clectrical equipment in
buildings and arcas served by safety-related
HVAC systems, the HVAC systems serving these
arcas meet the single-failure criterion.
Section 9.4 describes the safety-related HVAC
systems including the detailed safety evalu-
ations. The loss of ventilation calculations
are based on maximum heat loads and consider
operation of all operable equipment regardless
of safety classification.

3,11.5 Estimated Chemical and Radiation
Environment

1.11.5.1 Chemical Environment

Equipment located in the containment dryweli
and wetwell is potentially subject to water
spray modes of the RHR system. In addition,
equipment in the lower portions of the contain-
ment is potentially subject to submergence. The
chemical composition and resulting pH to which
safety-related equipment is exposed during
pormal operation and design basis accident
conditions is reported in Appendix 31

Sampling stations are provided for periodic
analysis of reactor water, refucling and fuel
storage pool water, and suppression pool water
to assure compliance with operational limits of
the plant technical specifications.

1.11.5.2 Radiation Environment

Safety-related systems and components are
designed to perform their safety-related
function when exposed to the normal operational
radiation levels and acaident radiation levels.

Electronic equipment subject to radiation
exposure in excess of 1000 R and mechanical
equipment in excess of 10,000 R will be
gualified in accordance with Reference 1.

3ng
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22232 Conformance 1o Other IEEE
Standards

(1) IEEE 323, Standard for Qualifying Class 1E
Equipment for Nuclear Power Generating Sta-
tons

The general guide for qualifving Class 1E equip-
ment is presented in Section 3.11. Records
covering all essential components are main-
tamned

(2) IEEE 344, Recommended Practices for Seismic
Qualification of Class 1E Equipment for Nuclear
Power Generating Stations

Seismic qualification of Class 1E equipment re-
quirements are satsfied by all Class 1E RPS
equipment as described in Section 3.10.

72224 Conformance 1o Branch Technical
Positions

(1) BTP-1CSB-12: Protection System Trip Point
Changes for Operation with Reactor Coolant
Pumps out of Service.

The RPS design conforms with this position in
tbat setpoint changes to more restrictive values
are accomplisbed automatically in conjunction
with the mode switch position. Sec Subseciion
72223.1(15)

(2) BTP-ICSB-21: Guidance for Application of Reg-
ulatory Guide 1.47

The RPS design conforms with this position as
discussed in Subsection 7.2.2.2.4(2)

{(3) BTP-ICSB 22 C.dance for Application of Reg-
ulatory Guide 122

The RPS desigo conforms with 1. s position as
discussed in Subsection 7.2.2.2.1(1)

{4) BTP-ICSB-26: Requirements for Reactor Pro-
1ection System Anucipatory Trips

All hardware used Lo provide trip signals to the
RPS is designed in accordance wi'k IEEE 279
and is considered safety grade. This includes the
sensors for turbine siop valve closure and turbine

Ameramen: 5
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contro! valve fast closure even though these are
Jocated in the non-seismic turbine building.
Since reactor high pressure and power trips are
diverse to the turbine scram variables, locating
the sensors in the turbine enclosure does not
compromise the ability of the RPS to provide
protection sction when required in addition. the
“high seismic activity” trip provides a direct scram
for seismic events of sufficient magoitude to
damage the turbine building. £ et furthes o™
see FA.5.5.1+

7223 Additional Design Considerations
Analyses (RPS)

1)

(@

(3)

(®)

Spurious Rod Withdrawals

Spurious control rod withdrawal will pot nor-
mally cause a scram but may cause control rod
withdrawal block rod block is discussed in Sec-
tion 7.7 and is not part of the RPS. A scram will
occur, however, if the spurious control rod wath-
drawal causes the average flux 1o exceed the trip
setpoint, or causes SRNM short period.

Loss of Plant Instrument Air System

Loss of plant instrument air will cause gradual
opening of the scram valves on the bydraulic con-
trol units whick will wnsert all control rods. Full
insertion will result as air pressure is lost at the
scram valves.

Loss of Cooling Water 1o Vital Equipment

There is no loss of cooling water which will di-
rectly affect the RPS.

Plant Load Rejection

Electrical grid disturbances could cause 2 signifi-
cant loss of load whick would initiate 2 turbine
generator overspeed trip and control valves fast
duwemdmmuhmamawm The
rESCtOr SCram Occurs 10 anticpate an increase in
reactor vessel pressure due 1o shutting off the
path of steam flow o the turbine. Any additional
increase in pressure will be prevented by the
safety/relief valves which will open to relieve
reactor pressure and close as pressure is reduced
The reactor core isolation cooling (RCIC) or
bigh pressure core flooder (HPCF) systems will
sutomatically actuaie and provide vessel makeup
waler if required.

7227
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732.2.2 Specific Regulatory Requirements Con-
formance

Table 7.1-2 identifies the leak detection
and isolation system and the associated codes and
standards applied in accordance with the Stasdard
Review Plan. The following analysis lists the ap-
plicable criteria in order of the listing on the
table, and discusses the degree of conformance
for each. Any exceptions or clarifications are
so noted.

(1) 10CFRS0.55a (IEEE 279):

The leak detection and isolation system is a
four-division system which is redundantly de-
signed so that failure of any single element
will not interfere with a required detection
of leakage or isolation.

All components used for the safety isolation
functions are qualified for the environments
in which they are located (Sections 3.10 and
3.11). Most initiation paramelers are repre-
sented by all four divisions which actuate
the isolation functions via two-out-of-four
logic permissives. Most of the sensors are
provided by the nuclear botler system.
These instruments are shared b, the ECCS as
well as the RPS and other systems which
require actuation signals from these essen-
tial variables. However, each system re-
ceives all four signals as input to its own
upique voting logic incorporated in the
safety system logic and control (SSLC)
petwork. If individual channels are by-
passed for service or testing, the voling
logic reverts to two-out-of-three.

The containment is divided into four gqua-
drants, cach bousing the electrical equip-
ment which, in general, corresponds to the
mechanically separated divisions assigned to
cach section (i.e., mechapical divisions A,
B, C, and D correspond with electrical divi-
siogs 1, 11, 111 and IV, respectively).
Some exceptions are necessary where a given
mechanica! division has more than one elec-
trical division within the quadrant. For
example, the MSIVs have redundan’ slenord
operators which require separate divisional
power isterfaces. However, electrical
separation is maintained between the redun-

2

(3)

Z3A6100AF
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All of these signals are multiplexed and
passed through fiber optic medium befere
entering the voting logic of the redundant
divisions involved in the isolation valve
logic. Separation and isolation are thus
preserved both mechanically and electri-
cally in accordance with IEEE 279 and
Regulatory Guide 1.75. For

see 44.5.5.7.

Other requirements of IEEE 279 such as
testing, bypasses, manual ipitiation,
logic seal-in, etc., are described in Sub-
section 7.3.1.1.2.

Generud Design Criteria (GDC):

In accordance with the Standard Review
Plan for Section 7.3, and with Table
7.1-2, the following GDCs are addressed
for the LDS:

(a) Criteria: GDCs 2, 4, 13, 16, 19, 20,
21, 22, 23, 24, 29, 34, 35, 38, 41,
and 44,

(b) Conformance: The LDS is in full compl-
ance with all GDCs identified in {a)
as discussed in Subsection 3.1.2.

The foliowing clarification should be
made with respect to GDC 23: The RPS
is designed to fail in a safe state
{i.c., de-emergize to actuate). This
is also true for mest isolation valves
weluding the MSIVs. However, the RHR
and RCIC isolation valves are designed
to “fail as is” 1o that these are
motor-operated valves and require
power to both open and close. In addi-
tion, should the RHR or RCIC be io op-
eration when valve powsr is lost, it
essentizl these valves remain open 50
the systems cas continue their safety
functions.

Regulatory Guides (RGs):

In accordance with the Standard Review
Plas for Section 7.3, and with Table
7.1-2, the following RGs are addressed for
the LDS:

733%
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remote shutdowa system /A
necessary power sUppiy cirpdils are
lu‘ng:ned to Other sousrces./ Remote

shutdown control is not possible without
actuation of the transfer devices.
Operation of the transfer devices causes an
alarm in the main control room. The remote
shutdown control panels are located outside
the main control room. Access to this point
is administratively and procedurally
controlled.

Instrumentation and controls located on the
remote shutdown control panels are shown in
instrument and electrical diagram Figure
7.4-2.

Amendment 20
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8.1 INTRODUCTION
8.1.1 Utility Grid Description

The description of the atility grid system is out of
the ABWR Standard Plant scope, however there are
nterface requirements contained in Section 8231
which must be complied with by the Utility.

8.1.2 Electric Power Distribution System
| 8120 Definitions

1 The definitions used throughout Chapter 8 are
| consistent with Section 3 of IEEE 308 with the
. following important clarifications for the ABWR:

division. The designation applied to a given safety
i reiated system or set of components that enables the
| establishment and maintenance of physical,
| electrical, and functional independence from other
| redundant sets of components. (The term "safety
| related” is added to the IEEE 308 definition.)

load group. An arrangement of buses, transformers,
| switching equipment, and loads fed from a common
| power supply. (The last three words *...within a
| division" are deleted with respect to the IEEE 308
definition.) A load group may be safety-related or
non-safety-related depending on its common power
supply.

safety related. Any Class 1E power or protection
svstem device included in the scope of IEEE 279 or
IEEE 308. (This term is explicitly defined in IEEE
100, though not in IEEE 308.) Note that "safety
related” includes both electrical and non-clectrical
equipment, whereas “Class 1E” pertains only to
electrical equipment (i.e., any equipment which has
an electrical interface).

§.1.2.1 Description of Offsite Electrical Fower
System

The scope of the offsite electrical power sysiem
includes the entire transmission 'ine system and the

termination of the bus duct and power cables at the
input terminals of the circuit breakers for| thef6 9KV

switchgear The applicant has design responsibility -

for portions of the offsite power system. The scope
split is as defined in the detailed description of the
offsite power system in Section 8.2.1.1.

Amendment

transmission lines coming into the switchyards 1o the

The 1500MVA main power transformer is a bank
of three single phase transformers. One single phase
installed spare transformer is provided.

A main generator circuit breaker capable of |
interrupting the maximum available fault current is
provided. This allows the generator to be taken off
line and the main power transmission system to be |
utilized as a power source for the unit auxiliary
transformers and their loads, both Class 1E and
non-Class 1E. This is also the start-up power source
for the umit.

There are three unit auxiliary transformers,
connected to supply power to three approximately
equal load groups of equipment. The "Normal
Preferred” power feed is from the wnit auxiliary
transformers so that there normally are no bus
transfers required when the unit is tripped off the

ar (th)

One, three-windjphg 37.5 MVA uni& reserve
auxiliary transform prowvi WeT Via
one secondary winding for the Class 1E buses as an |
alternate to the "Normal Preferred” power. The
other secondary winding supplies reserve power to
the non Class 1E buses. This is truly a reserve |
transformer because unit startup is accomplished
from the normal preferred power, which is backfed
from the offsite power transmission system over the |
main power circuit to the unit auxiliary transformers.
The two low voltage windings of the reserve
transformer are rated 18.75 MVA cach.

£.1.2.2 Description of Ounsite AC Power Distribution
System

Three non Class 1E buses and one Class 1E
division receive power from the single unit awaliary
transformer assigned to cach load group. Load
groups A, B and T line up with Divisions 1, 1T and 11,
respectively. One winding of the reserve auxiliary
transformer may be utilized to supply reserve power
to the non-Class 1E buses either directly or indirectly l
through bus tie breakers. The three Class 1E buses
may be supplied power from the other winding of the

_,Jjw auxiliary transformer.
clegy If
A combustion turbine generator supphies standby

/power to permanent non-Class 1E loads. These

loads are grouped on one of the 69KV buses per '
load group. Power is also provided from the
combustion turbine generator to the three Class 1E
medium voltage buscs via breakers that are normally

8141
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racked out for Divisions I and 11l and remote
manually closed under administrative control for
Division IL

In general, motors larger than 300 KW are
supplicd from the 6.9Kv (M/C) bus. Motors 300KW
or smaller but larger than 100KW are supplied
power from 480V power center (P/C) switchgear.
Motors 100KW or smaller are supphe ! power from
480V motor control centers (MCC). 7 e 69KV and
480V single line diagrams are shown . Figure 83-1.

During normal plast operation all of the non-
Class 1E buses and two of the Class 1E buses are
supplied with power from the maip turbine generator
through the unit auxiliary transformers. The
remaining Ciass 1E bus is supplicd from the reserve
suxiliary transformer. This division is immediately
available, without a bus transfer, if the normal
preferred power is lost to the other two divisions.

Three diesel generator standby ac power supplies
provide a separaie onsite source of power for cach
Class 1E division when normal or alternate
preferred power supplics are ot available. The
transfer from the normal preferred or alternate

Amendment
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preferred power supplies to the diesel generator is
automatic. The transfer back to the normal
praferred or the alternate preferred power source is
a manual transfer.

The Division 1, 11, and 111 standby ac power
supplies consist of an independent 6.9Kv Class 1E
diesel generator, one for each division. Each DG
may be connected to its respective 6 9Kv Class 1E

| switchgear bus through a circuit breaker located in

the switchgear.

The standby ac power system is capable of
| providing the required power to safely shut down the
reactor after loss of preferred power (LOPP) and/or
| loss of coolant accident (LOCA) and to maintain the
safe shutdown condition and operate the Class 1E

| awaliarics necessary for plant safety after shutdown.

| The plant 480 VAC power system distributes
sufficient power for pormal auxiliary and Class 1E
480 volt plant loads. All Class 1E eiements of the
| 480 V power distribution system are supplied via the
6 9Kv Class 1E switchgear and, therefore, are
capable of being fed by the normal preferred,
aliernate preferred, standby or combustion turbine

generator power supplies.

The 120 VAC non-Class 1E instrumentation
power system, Figure 8.3-2, provides power for
non-Class 1E control and instrumentation loads.

The Class 1E 120 VAC instrument power
system, Figure 8.3-2, provides for Class 1E plant
controls and instrumentation. The system is
scparaied into Divisions 1, [ and ITI with distribution
panels fed from their respective divisional sources.

The 125V dc power distribution system provides
four independent and redundant onsite battery
sources of power for operation of Class 1E dc loads.
The 125V de non-Class 1E power is supplied from
three 125V de batteries located in the turbine
building. A separate non-Class 1E 250V battery is
provided to supply uminterruptible power 1o the plant
computers and non-Class 1E dc motors (See Figure
5.3-4).

The safety system and logic control (SSLC) for

RPS and MSIV derives its power from four uninter-

| ruptible 120 VAC divisional buses (See Figure 8.3-3).
The SSLC for the ECCS derives its power from the
four divisions of 125V dc buses. The four buses

23A6100AG
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provide the redundancy for various instrumentation,
logic and trip circuits and solenoid valves. The SSLC
power supply is further described in Subsection
813112

£.12.3 Safety Loads

The safety loads utilize various Class 1E ac
and /or dc sources for instrumentation and motive or
control power or both for all systems required for
safety. Combinations of power sources may be
involved in performing a single safety function. For
example, low voltage dc power in the control logic
may provide an actuation signal to control a 6 9%V
circuit breaker to drive a large ac-powered pump
motor. The systems required for safety are listed
below:

(1) Safety Sysiem Logic and Control Power Supplics
including the Reactor Protection System

(2) Core and Containment Cooling Systems
(a) Residual Heat Removal System (RHR)

(b) High Pressure Core Flooder (HPCF)
System

{¢) Automatic Depressurization System (ADS)
(d) Leak Detection and Isolation System (LDS)

(¢) Reactor Core Isolation Cooling System
{(RCIC)

(3) ESF Support Systems

(a) Diesel gencrator Sets and Class 1E ac/dc

(b) HVAC Emergency Cocling Water System
(HECW)

{(¢) Reactor Building Cooling Water (RCW)
System

{(d) Spent Fuel Pool Cooling System
(¢) Standby Gas Treatment System (SGTS)
(f) Reactor Building Emergency HVAC System

(g) Control Building HVAC System

812
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(h) High Pressure Nitrogen Gas Supply System
(4) Safe Shutdown Systems

(a) Standby Ligquid Control System (SLCS)

(b) Nuclear Boiler System

(i)  Safety/Relief Valves (SRVs)
(i) Steam Supply Shutoff Portion

(¢} Residual Heat Removal (RHR) system
decay heat removal

| (5) Safety-Related Monitoring Systems
{a) Neutron Monitoring System
(b) Process Radiation Monitoring System

(¢) Containment Atmosphere Monitoring
System

(d) Suppression Pool Temperature Monitoring
System

For detailed listings of Division 1, I1 and 11T loads,
see Tables 83-1 and 83-2.

8.1.3 Design Bases
§.1.3.1 Safety Design Bases--Onsite Power
8.1.3.1.1 General Functional Reguirements

8.1.3.1.1.1 Ounsite Power Systems--Generzl

The unit's total Class 1E load is divided into three
divisions. Each division is fed by an indcpendent
6.9Kv Class 1E bus, and each division has access 1o
one onsite and two offsite power sources. An
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only one of the offsite power supplies. The transfer
to the other preferred feeder is manual. During the |
interim, power is automatically supplied by the diesel

generators.

The redundant Class 1E electrical divisions |
{Divisions 1, 11, and III) are provided with scparate
onsite standby ac power supplies, electrical buses, |
distribution cables, controls, relays and other
electrical devices. Redundant parts of the system are
physically separated and electrically independent to |
the extent that in any design basis event with any
resulting loss of equipment, the plant can still be shut
down with the remaining two dvisions. Independent
raceway systems are provided te meet cable separa-
tion requirements for Divisions 1, 11, and 111

Divisions I, 11, and 111 standby ac power supplies
have sufficient capacity to provide power to all their
respective loads. Loss of the normal preferred
power supply, as detected by 6.9Kv Class 1E bus
under-voltage relays, will cause the standby power
supplics 1o start and connect automatically, in suffi-
cient time 1o safely shut down the reactor or limit the |
consequences of a design basis accident (DBA) to
acceptable limits and maintain the reactor in a safe
condition. The standby power supplies are capable l
of being started and stopped manually and are vot
stopped automatically during emergency opemm‘ﬁ
uniess required to preserve integrity. Automatic jy.
start will also occur on receipt of a level 1 1/2 signal| £
(HPCF initiate), level 1 signal (RHR initiate) and E
high drywell pressure. -

The Class 1E 6.9Kv Divisions 1, 1, and 11 ® |
switchgear buses, and associated 6.9Kv diesel|w |
generators, 480 VAC distribution systems, 120 VAC, f_ |
and 125 VDC power and control systems conform 10
Seismic Category | requireme n
Seismic Category | structuresp, Seismic Qualification
is in accordance with IEEE]Standard 344 (See

for som€ -

o

Section 3.10) 2 ept s
.. ARG e 2 e
4 : £.1.2.1.12 SSLC (Safety System Logic and 9A-5.5.1, and
'

the [ran fetec? &
' Control) Power Supply System Design Bases [°C, 777, [0
Each of the two normally ¢ po) '7,45.59_']
feeders (i.e., normal preferred an alternate In order to provide redundant, reliable power of -]
preferred power) are provided for the Divisions 1, 1l acceptable quality and availebility to support the
and 111 Class 1E systems. Normally two divisions are safety logic and control functions during normal,
_ r;"“ « 74 fed from the normal prefcrred power source and the  abnormal and accident conditions, the following |
N -"”gmdivision is fed from the alternate preferred design bases apply:
power source. Both feeders are used during normal
piant operation to prevent simultancous
deenerp~ ation of all divisional buses on the loss of

Amendment B.1-3
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(1) SSLC power has four scparate and independent
Class 1E inverter constant voltage constant
frequency (CVCF) power supplies each backed
by separate Class 1E battenies.

{2} Provision is made for automatic switching 10 the
alternate bypass supply from its respective
division in case of a failure of the inverter power
supply. The inverter power supply is
svachronized in both frequency and phase with
the alternate bypass supply, so that unacceptable
voltage spikes will be avoid case of an

automatic transfer from #0 3 alternate
supply. The SSLC unj pifble power
supply complies with IERE S1d.934.

$.1.3.1.12 Controls and Indication

The ABWR electrical system design provides
controls and indicators in accordance with IEEE 308
guidelines. The specific design bases are described
as fallows:

1. The ABWR electrical system provides controls
and indicators in the main control room.

2. The design provides for control and indication
oulside the man control room for;

a. Circuit breakers that switch Class 1E buses
between the preferred and standby power

supply,
b. The standby power supply, and

¢. Circuit breakers and other equipment as
required for safety systems that must
function to bring the plant to a safe
shutdown condition.

3. Operational status information is provided for
Class 1E power systems.

4 Class 1E power systems required to be
controlied from outside the main control room
also have operational status information
provided outside the central control room at the

equipment itself, or at its power supply, or at an
alternate central location.

5. The operator is provided with accurate,
compliete, and timely information pertinent to
the status of the execute features in the control
room.

Amendment
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6. Indication is provided in the control room of
protective actions and execute features

unavailability.

7. Electric power sysicms and equipment has the
capability of being periodically tested.

8. Testability of electrical systems and equipment
is not so burdensome operationally that
required testing intervals cannot be included.

8.13.12 Regulstory Requirements

The following list of criteria is addressed in
accordance with Table &.1-1 which is based on Table
8-1 of the Standard Review Plan. In general, the
ABWR is designed in accordance with all critenia.
Any exceptions or clarifications are so noted.

812121 General Design Criteria

(1" GDC2- Design Bases for Protection
agamnst Natural Phenomena,

(2) GDC4- Epvironmental and Dysamic
Effects Design Bases;

(3) GDCS-  Sharing of Structures, Sysiems and
Components;

The ABWR is a single-unit plant design.
Therefore, this GDC is not applicable.

(4) GDC 17- Electri- Power Systems;

(5) GDC18- Inspection and Testing of
Electrical Power Systems;

(6) GDC50- Containment Design Bases.

813122 NRC Regulatory Guides

(1) RG16- Independernce Between

Rednundant Standby (Onsite)

Power Sources and Between Their
Distribution Systems;

(2) RG19 - Seclection, Design and
Qualification of Diesel gencrator
Units Used as Standby (Onsite)
Electric Power Systems at Nuclear
Power Plants;
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{3) RG 1.32- Criteria for Safety-Related Electric (13);16 1.153- Criteria for Power, Instrument- |
Power Systm lor Nudnr Power ation, and Control Portions of
_ Plants; e e /L Sukwswm
fuwe l'w.i eperat o M‘

# Fuses cannot be periodically tested mdpre (14) l!G 1 155 Station Blackout

exempt from such requirements per Section \ [Sec d,’e wedir 1C \
417 of IEEE 741, Fewever, perioehC imspec’
for (r‘a1my:f1 cortect 51308, eTc., Shat/ Df p("r-e'r»ra .
(4) RG 147- Bypassed and Inoperable Status o ff
Indication for Nuclear Power Plant

Safety Systems;,

(5) RG 1A3- Electric Penetration Assemblics in
Containment Structures for
Light-Water-Cooled Nucicar
Power Plants;

(6) RG 1.75- Physical Independence of Electric
Systems;

Isolation between Class 1E power supplies and
non-Class 1E loads is discussed in Subsection
83.1.1.1.

{7) RG 181- Shared Emergency and Shutdown
Electric Systems for Multi-Unit
Nuclear Power Plants;

The ABWR is designed as a singie-unit plant.

Therefore, this Regulatory Guide is aot
apphcable.

(8) RG i.106 - Thermal Overload Protection for
Electric Motors on Motor-

Operated Valves;

(9) RG 1.108- Periodic Testing of Diesel
Generator Units Used as Onsite
Electric Power Systems at Nucicar
Power Plants;

(10) RG 1.118- Periodic Testing of Electric Power
and Protection Systems,

(11} RG 1.128- Installation Design and Installation
of Large Lead Storage Batteries for
Nuclear Power Plants;

(12) RG 1.129- Maintenance, Testing, and Re-

placement of Large Lead Storage
Battenes for Nuclear Power Plants:

Amendment #1441
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£.1.2.123 Branch Technical Positions

(1) BTP ICSB 4 (PSB) - Requirements on Motor-
Operated Valves in the ECCS Accumulator
Lines;

This BTP is written for Pressurized Water
Reactor (PWR) plants only and is therefore rot
applicable to the ABWR.

(2) BTP ICSB B (PSB) - Use of Diesel generator
Sets for Peaking;

The diesel generator sets are not used for
peaking in the ABWR design. Therciore, this
criteria is satisfied.

(3) BTP ICSB 11 (PSB) - Stability of Offsite Power
Systems;

(4) BTP ICSB 18 (PSB) - Application of the Single
Failure Criterion to Manually-Controlied
Electrically-Operated Valves;

(§) BTP ICSB 21 - Guidance for Application of
Reguiatory Guide 1.47,

(6) BTP PSB 1 - Adequacy of Station Electric
Distribution System Voltages;
(See Subsection 83.1.1.7 (B))

(7) BTP PSB 2 - Criteria for Alarms and
Indications Associated with Diesel-Generator
Unit Bypassed and Inoperable Status;

$.1.3.1.2.4 Other SRP Criteria

(1) NUREG/CR 0660 - Enhancement of Qusite
Diesel Generator Rehability,

Operating procedures and the training of
personnel are outside the scope of the ABWR
Standard Plant. NUREG/CR 0660 is there-
fore imposed as COL license information. (See
Subsection 8.14.1).

(2) TMI Action Item ILE3.1. - Emergency Power
Supply for Pressurizer Heater;

This criteria is applicable only to PWRs and
does not apply to the ABWR.

Amendment
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(3) TMI Action Ttem [L.G.1-Emergency Power for
Pressurizer Equipment;

This criteria is applicable only to PWRs and
does not apply to the ABWR.

8.1.4 COL License Information
#.1.4.1 Diesel Generstor Reliability

NUREG/CR 0660 pertaining to the enhancement
of onsite diesel generator reliability through
operating procedures and training of personnel will
be addressed by the COL. applicant (see Subsection
8.13.1.24(1)).

8.1.5 References
IEEE Std 944, Recommended Practice for the

Application and Testing of Uninterruptible Power
Supplies for Power Generating Stations.

B1-5
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8.2 OFFSITE POWER SYSTEMS
8.2.1. Description

82.1.1 Scope

This section provides a description of the design
and performance requirements for the offsite power
system. The offsite power system, as defined in the
LUSNRC Standard Review Plan Section 8.2, consists
of the following:

A
———et

| (Applicant Scope) ‘

a) The offsite transmission syslcm\"‘[including
the tie lines to the switchvard(s)

b) The plant switchyard(s),

¢) The separated switching stations,

d) The high voltage tic lines from the switching
stations to the main power transformers, and
to the reserve auxiliary transformer,

¢) The main step-up power transformers,

h) The plant main generator,

i) The combustion turbine generator,

i) The isolated phase buses from the main
power transformer to the main gencrator
circuit breaker, and to the unit auxiliary
transformers,

k) The main generator circuil breaker,

1} The non-segregated phase buses from the
unit auxiliary transformers to the input
terminals of the medium voltage (6.9 kV)
switchgear,

m) The non-segregated phase bus and power
cables from the reserve auxiliary transformer
to the input terminals of the non-safety
related and safety-related medium voltage
(6.9 kV) switchgear, and

n) The power cables from the combustion
turbine generator to medium voltage (6.9
kV) switchgear, including the disconnect and
interconmecting bus.

The design scope for the standard plant ends at
the low voltage teggningls of the main power
transformer and the W terminals of the
reserve auxiliary transfopmer. Although the
remainder of the offsifé power system is pot in the
scope of the standard plant design, the standard
plant design is based on a power system which meets
certain design concepts. Design bases (10CFR Part

Amendment
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52 interface requirements) consistent with these
concepts are included in Section 8.2.3,

. Mecting the stated design bases will
ensure that the total power system design is
consistent and meets all regulatory requirements.

The portions of the offsite power system which
fall under the design responsibility of the COL
applicant will be unique to cach COL application. It
is the responsibility of ali concerned parties to wmsure
that the total completed design of equipment and
systems falling within the scope of this SSAR section
be in line with the description and requirements
stated in this SSAR. See Scction 8.29 for a detailed
listing and description of the|COL license
information. “

£.2.1.2 Description of Offsite Power System

The offsitg’clectrigf power system components
within the/scope 9f the applicant include items a)
through €) identificd in Subsection 8.2.1.1. The
remaining items f) through n) are within the scope of
the ABWR standard plant design.

When used for normal operation, cach preferred
power supply will be sized to supply the maximum
expected coincident Class 1E and non-Class 1E
loads.

The normal and alternate preferred power
circuits are designed in accordance with industry-
recommended practice in order to minimize the
likelibood that they will fail while operating under
the environmental conditions (such as, wind, ice,
snow, lightuing, temperature variations, or flood), to

Air cooled isolated phase bus duct rated 36kA is
provided for a power feed to the main power
transformer and unit auxiliary transformers from the
main generator.

A generator circuit breaker is provided in the |
isolated phase bus duct at an intermediate location
between the main generator and the main power
iransformer. The generator circuit breaker provided |
is capabie of interrupting a maxmum fault current of
275kA symmetrical and 340kA asymmetrical at 5
cycles after initiation of the fault. This corresponds
to the maximum allowable interface fault current
specified in Section 8.2.3. The main generator circuit |
breaker allows the generator to be taken off line and
the main grid to be utilized as a power source by
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backfeeding to the unit auxiliary transformers and
their loads, both Class 1E and non-Class 1E. This is
also the start-up power source for the unit.

Unit sychronization will normaily be through the

| main generator circuit breaker. A coincidental

three-out-of-three logic scheme and synchrocheck

relays are used to prevent faulty synchronizations.

| Dual trip coils are provided on the main gencrator

circuit breaker and control power is supplied from

redundant load groups of the non-Class 1E onsite
125V DC power system.

It is a design bases requirement that syn-
chronization be possible through the switching
station's circuit breakers (See Section 8.2.3).

There are three unit auxiliary transtormers. Each
trunsformer has three windings and cach trans-
former feeds one Class 1E bus directly, two non-
Class 1E buses directly, and one non-Class 1E bus

2IA6100AG
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indirectly through a non 1E to non 1E bus tie. The The unit auxiliary ansformers are
medium voltage buses are in a three load group designed and constructed to withstand the

| arrangement with three non-Class 1E buses and one mechanical and thermal stresses produced by

Class 1E bus per load group. Each unit auxiliary external short circuits. In addition, these
transformer has an oil/air rating at 55 degrees transformers meet the corresponding requirements
centigrade of 37.5Mva for the primary winding and of the latest revisions of ANSI Standard C57.12.00.

| 18.75Mva for cach secondary winding. The forced [Sre 8.2.3(8) for, rmir en mai
air /forced oil raling is 62.5 and 31.25/31.25Mva step-up lrnsforme‘r;‘ sce'ﬁ%iff&%’f
respectively. The normal loading of the six requirements on the high-voltage circuit breakers
secondary windings of the transformers is balanced and disconnect switches. |
with the heaviest loaded winding carrying a load of

| 17.7Mva The heaviest transformer loading occurs Offsite system circuits derive their control,

when one of the three unit auxibiary transformers is protection, and instrument DC power from

out of service with the plant operating at full power. non-Class 1E DC sources in the same non-Class 1E

Under these conditions the heaviest loaded winding load group, and are independent of the Class 1E DC

expericnces a load of 21.6Mva, which is about two SOurces.

thirds of its forced air /forced oil rating.

-—

82.1.3 Separstion
Disconnect links are provided in the solated phase
bus duct feeding the unit auxiliary transformers so The location of the main power transformer, umit
that any single failed transformer may be taken out auxiliary transformers, and reserve auxiliary
of service and operation continued on the other two transformer are shown on Figure 82-1. The reserve
unit auxiliary transformers. Oone of the buses auxiliary transformer is scparated from the main
normally fed by the failed transformer would have to power and unit auxiliary transformers by a minimum
| be fed from the reserve auxiliary transformer in distance of 15.24 meters (S0 feet). It is a
order to keep all reactor internal pumps operating so requirement that the 15.24 meters (50 foot)
as to attain full power. The reserve auxiliary minimum separation be maintained between the
transformer is sized for this type of service. switching stations and the incoming tie lines. The

wansformers are provided with oil collection pits and
One, three-winding 37.5MVA reserve auxliary drains to a safe disposal area.

transformer provides power as an alternate to the
“Normal Preferred” power. One of the equally rated Reference is made to Figures 8.3-1 for the single
szcondary windings supplies reserve power 1o the line diagrams showing the method of feeding the
nine (three through cross-ties) non-Class 1E buses loads. The circuits associated with the alternate
and the other winding supplics reserve power to the offsite circuit from the reserve auxiliary transformer
three Class 1E buses. The combined lcad of the to the Class 1E busses are separated by walls or
three Class 1E buses is equal to the oil /air the rating floors, or by at least 15.24 meters (50 feet), from the
of the transformer winding serving them. This is G “)nuin and unit auxiliary transformers. The circuits
equal to 60% of the forced air/forced oilfnmg of associated with the normal preferred offsite circunt
the transformer winding. The transformer is truly a from the unit auxiiary transformers to the Class 1E
reserve transformer because umit startup is busses are separated by walls or floors, or by at least
accomplished from the normal preferred power, 15.24 meters (50 feet), from the reserve auxiliary
which 1s backfed over the main power circuit to the transformer. Separation of the normal preferred and
unit auxiliary transformers. The reserve auxiliary alternate preferred power feeds is accomplished by
transformer serves no startup function. 5 Nloors and walls over their routes through the
W . turbine, control and reactor buildings except within
’ﬁ The unit auxiliary transformers and the reserve the switchgear rooms where they are routed to
auxiliary transformer are designed with sufficient opposite ends of the same switchgear lineups.
capacity and capability to limit the voltage variation
of the cmsite power distribution system 1o plus or The normal preferred feeds from the unit
minus 10 percent of load rated voltage during all auxiliary transformers are routed arvund the outside
modes of steady state operation and a voitage dip of of the turbine building in an clectrical tunncl from
no more than 20 percent duning motor starting. the unit auxiliary transformers to the turbine buiiding

switchgear rooms as shown on Figure 8.2-1. (An
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underground duct bank is an acceptable aiternate )
From there the feeds to the reactor building exit the
turbine building and continue across the roof on the
Divisions 1 and 111 side of the control building
(Figure 8.2-1, Sheet 3). They drop down the side of
the control building in the space between the control
and reactor buildings where they enter the reactor

ilding and continue on through the Divisions I and
111 side of the reactor building to the respective Class
1E switchgear rooms in the reactor building.

The alternate preferred feeds from the reserve
auxiliary transformer are routed inside the turbine
building. The turbine building switchgear feed from
the reserve auxiliary transformer is routed disectly to
the turbine building switchgear rooms. The feed to
the control building is routed in corridors outside of
the turbine building switchgear rooms. It exits the
turbine building and crosses the control building roof
on the opposite side of the control building from the
route for the normal preferred power feeds. The
steam tunnel is located between the normal
preferred feeds and the alteruate preferred feeds
across the stepped roof of the control building. The
alternate preferred power feed turns down between
the control and reactor building and enters the
reactor building on the Division 11 side of the reactor
building. From there it continues on to the respec-

tive switchgear rooms in the reacior building

Instrument and control cables associated with the
normal preferred power distribution are separated
[i.e., by 15.24 meters (50 feet), or by walls or floors]
from the instrument and control ublcs usocmcd
with the alternate erred
exception of thefinterlock circuitry required to

Separation o
transformers is eqmlem to that provided for !he

not Mcmﬂhmoﬁueﬂu
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The instrumentation and control cables for the unit
auxibiary transformers and the main generator circuit
breaker may be routed in the raceways corre-
sponding to the load group of their power source.

Feeder circuit breakers from the unit auxiliary
and reserve auxiliary transformers to the medium
voltage (6.9 kV) switchgear are interlcked to
prevent paralieling the normal and alternate power
sources. With exception of these interlocks, there
are no electrical interconnections between the
instrument and control circuits associated with the
pormal preferred arcuits, and those of the alternate
preferred circuits.

Class 1E rotating equipment, which could
produce potential missile hazards, are not located in
the same rooms as feeder circuits from the offsite to
the Ciass 1E busses, unless protective barriers are
installed to preclude possible interaction between
offsite and onsite systems.

A combustion turbine generator (CTG) supplies
standby power to the ngn- 1E gl e
buses which supply the D
loads. It is a 9MW rated self-contained unit which is
capable of operation without external auxiliary
systems. Although it is located on site, it is treated as
an additicnal offsite source in that it supplies power

| to multiple load groups. In addition, manually

controlied breakers provide the capability of
connecting the combustion turbine generator (o any

| of the emergency buses if all other AC power

sources are lost.

In this way, the CTG provides a second “offsite”
power source to any Class 1E bus being fed from the
reserve auxiliary transformer while the associated
unit auxiliary transformer is out of service.

The combustion turbine generator (CTG) is
located in the turbinc building, and is shown on
Figure 8.2-1, Sheet 2. The CTG standby power feed
and instrument and control cables for the turbine
routed directly 1o the switchgear rooms in
the turbine building. The power feeders and
instrument and control cables to the reactor building
are routed adjacent to the alvernate preferred feeds
across the control and reactor buildings.

8.22 Analysis

In accordance with the NRC Standard Review Plan
(NUREG 0800), Table 8-1 and Section 8.2, the

AmenGment
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offsite power distribution system is designed
consistent with the following criteria, so far as it

applics to the non-Class 1E equipment. Any

exceptions or clarifications are so noted.
§22.1 General Design Criteria

(1) GDC § and RG 1.81 - Sharing of Structures,

Systems and Components,

The ABWR is a single urit plant design.
Therefore, these criteria are not applicable.

(2) GDC 17 - Electric Power Systems,;

Each circuit of the preferred power supply is
designed to provide sufficient capacity and
capability to power equipment required 10 ensure
that: 1) Fuel design limits and design conditions
of the reactor coolant pressure boundary will not
be exceeded as a result of anticipated operational
occuarences, and 2) In the event of plant
design-basis accidents, the core will be cooled,
and containment integrity and other vital

functions will be maintained.

As shown in Figure 8.3-1, cach of the Class 1E
divisional 6.9 kV M/C buses can receive power
from multiple sources. There are separate utility
feeds from the station transmission system (via
the main power transformer and the reserve
auxiliary transformer). The unit auxiliary
transformer output power feeds and the rescrve
auxiliary transformer output power feeds are
routed by two completely separate paths through
the vard, the turbine building, control building
and reactor building to their destinations in the
emergency electrical rooms.  Although these
preferred power sources are non-Class 1E, such |

scparation assures the phww.
requiremeits of GDC 17 are pre
7 S(Fa' a’ £

The transformers arc prov il collection
pits and drains to & safe dis Qsal area.
Separation of offsite equipment is discussed in
£.2.1.3. The plant fire protection system is
discussed in 9.5.1.

(3) GDC 18 - Irspection and Testing of Electrical
Power Systems;

The main generator cin r opens on 2
turbine trip to maintain the normal preferred power

g TS W
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virtue of its operation during normal plant operation . s F
and its remaining in the same state to supply normal
preferred power to the Class 1E buses following a

tested during normal operation of the plant.
I Generator breakers are extremely reliable and can
be tested during plant shutdown. See 8.2.3.

tThe "(’{'1¢? j TRIAR ()(w * e
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turbine trip. Plant skPdpwer | For exanple, + ie
il e T Cikeo™ brearny ),
Isolate4 and non-segregated phase bus ducts See B.2.9 for COL !retuse
prmdcmlmhspcaimWn.M ,,.J‘,,.»{r* . ‘ Fy.
| also have provisions for excludi is and fuids, L y
_and for dummg condennlcn by’ ABWR is . pn—————
designed 1o daniibateabe | and/or verification capat: © 1 Al
described above, mcludn items identified in
W~8.244.

(4) RG's 1.32, 1.47, and BTP ICSB 21;

These distribution load groups are non-Class 1E
and non-safety related. Therefore, this criteria

is not applicable.

(5) RG 1.153-Criteria For Power, Instrumentation
and Control Portions of Safety Systems

(6) RG l 155--Station Blackout
[Cee A '?ud x 1C )
(N BTP ICSB 11 (PSB) Stability of Offsite Power
Systems;

(%) Appendix A to SRP Section 82
It is a requirement that the design, testing and

‘ installation of the main generator circuit breaker
meet the specific guidelines of this appendix,



therefore compliance with the appendix is
assured.

(9) 1EEE Std 765, IEEE Standard for Preferred
Power Supply for Nuclear Powered Generating
Stations

It is a requirement that the total design provided
by GE and the applicant meet the requirements
, of this ITEEE standard as modified by the
—fottowsngspecific additional requirements and
explanatory statements in Table 8.2-1. The
additional requirements are more restrictive
than the requirements which they replace or
modify from the IEEE standard. Any stated
requirements in the SSAR which are in conflict
with the requirements stated in this standard
take precedence over the requirements of the
standard.

{Mf-'? ]&Z.SIE',E?IGI'I*G(.S Eeau‘remcnfs

- The standard design of the ABWR is based on
" certain assumptions concerning the design bases
| which shall be met by the COL applicant in designing

thcputmnd(hcoﬁsﬁepowexsystcmmhuu:opc
as defined in Section 8.2.1.1. Those design bases

assumptions are listed here which the COL applicant
| shall meet.

(1) In case of failure of the normal preferred power
supply , the alternate preferred power should
remain available to the reserve auxiliary
transformer.

| (2) Voltage variations of the transmission sysiem
shall be no more than plus or minus 10 percent
of their nominal value during normal sicady
state operatios.

(3) The normal steady state frequency of the
transmission system shall be within pius or
minus 2 cycles per second of 60 cycles per
second during recoverable pericds of system

o ability.

I (4) The site specific configuration of the incoming
iransmission lines shall be analyzed to assere

that the expected availability of the offsite power

is as good as the assumptions made in
performing the plant probability risk analysis

l (see item 5.1.2 of Table 8.2-1, and Chapter 19).

Amondment

2IA6I00AG

(5) The main and reserve offsite power circuits shall |

be connected to switching stations which are
independent and scparate. They shall be
connected to differcnt transmission lines. The
offsitz transmission line to the main power
switching station, the main power switching
station, the tic liaes from the main power
switching station to the main power transformer
and the main power transformer shall be
separated by a minimum of 15.24 meters (50
feet) from the offsite transmission line to the
reserve power swilching station, the reserve
power switching stauon, the tie lines from the
reserve power switching station to th: reserve
auxiliary transformer, and the reserve power™
auxiliary transformer. The output feeders of the
reserve auxiliary transformer to the medium
voltage (6.9 kV) switchgear shall be scparated
from the output of the main power and unit
auxiliary transformers by a minimum of 1524
meters (50 feet) outside the turbine building or
as described in Section 8.2.1.3. Instrument and
control circuits of the main and reserve power
systems shall be separated in the same manner as
the power feeders. The switching stations may
be in the same switchyard or separate
smu:hyatds provided the required minimum
separation is maintained.

(6) The switching station to which the main offsite
power circuit is connected shall have at least two

(a) Any incoming or Oulgoing transmission line
can be switched without affecting another
line;

(b)  Any single circuit breaker can be isolated
for maintenance without interrupling
service (o any circuit,

(¢) Faults of 2 single main bus are isolated
without interrupting service to any circait.

(7) The main power iransformer shall be three
pormally cnergized single-phase transformers
with an additional instalied spare. Provisions

824
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(8)

®)

(10)

shall be made to permit connecting and
energizing the spare transformer in no more
than 12 hours following a failure of one of the
normally energized transformers.

The main transformer shall be designed to
meet the requirements of ANSI Standard
C57.12.00, General Requirements for
Liguid-Immersed Distribution, Power and
Regulating Transformers.

Transformers shall be provided with scparate
oil collection pits and drains to a safe disposal
arca, and shall be provided with fire protection
deluge systems as specified in Section 9A 46,
Transtormers shall aiso be provided with
lightning protection systems and grounded 1o
the plant grounding grid.

Circuit breakers and disconnect switches shall
be sized and designed in accordance with the
jatest revision of ANSI Standard C37.06,
Preferred Ratings and Related Capabilities for
AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis.

23A6I00AG
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(11) Altkough unit synchronization is normally
through the main generator circuit breaker,
provisions shall be made to synchronize the
unit through the switching station’s circuit
breakers. This makes it possible to
re-synchronize with the system following a load
rejection within the steam bypass capability of
the generating unit.

(12) All relay schemes used for protection of the

offsite power circuits and of the switching

station’s equipment shall be redundant and
include backup protection features. All
breakers shall be equipped with dual trip coils.

Each redundant protection circuit which

supplies a trip signal shall be connected to a

scparate trip coil. All equipment and cabling

associated with each redundant system shall be
phyvsically separated.

(13) The dc power needed to operate redundant
protection and control equipment of the offsite
power system shall be supplied from two
separate, dedicated switching station batteries,
each with a battery charger fed from a separate
ac bus. Each battery shail be capable of
supplying the dc power required for normai
operation of the switching station’s equipment.
Each charger shall be capable of supplying the
required loads while recharging its battery.

(14) Two redundant low voltage ac power supply
systems shall be provided to supply ac power to
the switching station's auxiliary loads. Each
system shall be supplied from separate,
independent ac buses. The capacity of cach
system shall be adequate to meet the ac power
requircments for normal operation of the

switching station’s equipment.
(15) Each transformer shall bave primary and
backup protective devices. DC power to the
primary and backup devices shall be supplied
from separate de sources.

(16)

The requiremests of IEEE Std 765, Preferred
Power Supply for Nuclear Generating Stations,
as modified by Section 8.2.2.1(9) of this SSAR
shall be met.

T Fer id, cﬁ*
Approprulc plant procedures shall mcludc
periodic lcumg and/or verification to ensure

23A6100AG
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)

The normal and alternate offsite power
circuits are energized and connected to the
appropriate Class 1E distribution system

(2) division at least once every 12 hours,

Q() The instrumentation, control, and
protection systems, equipment, and
components associated with the normal and
alternate offsite preferred circuits are
properly calibrated and perform their
required functions.

i

(%
The required Class 1E and non-Class 1E

preferred power supply withie the capacity
and capability margins specified in the
( ) SSAR for the offsite system circuits,
o
() The ioss of the offsite preferred power
supply can be detected.

(f) Switching between preferred power

) supplies can be accomplished.
-

(' The batteries and chargers associated with
the preferred power system can meet the

{ requirements of thewr design loads.

q\

The generator breaker can open on
demand. (Note: The breaker’s actual
opening and closing mechanisms are
inherzntly confirmed during the shutdown

(?/ periods while the breaker is open.) ™€
(¥ Isolated and non-scgregated phase bus
ducts are inspectied and maintained such

that they are clear of dcbtu fuids, and
J"Jc’ ﬂ‘l-

oﬂunndeanbk
(,.Jn" ,-suurm sheil be trSpecied cles
anel 4, vp..eqf'os nel o3 Gry .

| The test and lmpccuon intervals wili be
estgblished and maintained according to the
guifielines of TEEE 338-1977, Section 6.5, as
iate for non-Class 1E systems [ie., ltems (4)
ion 6.5.1 are not applicable). sor e
COL License Intormalio

loads can be powered from their designated

and synchronizing processes. Heowever—
' whrent: ip circuits shall
be periodically verified Juring shutdown

)

.
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The interface point between the ABWR design and
the COL applicant design for the main geacrator
output is at the connection of the isolated phase bus
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10 the main power transformer low voltage tcrminals.
The rated conditions for this interface is 1500 MVA
at a power factor of 0.9 and a voltage of 26.325 kV
plus or mirus 10 per cent. It is a requirement that
the COL applicant provide sufficient impedance in
the main power transformer and the high voltage
circuit to limit the primary side maximum available
fault current contribution from the system to no
more than 275 kA symmetrical and 340 kA
' asymmetrical at § cycles from inception of the fault.

These values should be acceptable to most COL
’ applicants. When all cquipment and system
parameters are known, a refined calculation based
on the known values with a fault located at the
” generator side of the generator breaker shall be

A

made to determine the optimal impedance for the
main transformer.
[ Alew

The sccond power scope split interface occurs at
the S voltage terminals of the reserve auxiliary
transforgaer. The rated load 1s 375 MVA at a 0.9
powz:r. The voltage and frequency will be the
COL applicants standard with the actual values to be
determined at contract award. Tolerances on the
transmission lines are plus or minus 10 per cent of
nominal for voltage and plus or minus 2 per cent of
/ nominal for frequency. Frequency may vary plus or

minus 2 cycles per second during periods of
recoverable system instability. 4~

Protective relaying scope split interfaces for the
| two power systers interfaces are to be defined during

. the detail design phase foliowing contract award. g——

( e %o 4.5
£. 9.%. Interface requirements for the COL applicant
i offsite power systems design bases are provided in
Subsection 8.2.3.
(N7] sz{?{ouan!u-rSpn-usa.esum

Interface requirements for the COL applicant
pertaining to offsite power systems scope split are

provided in Subsection 8.2.3. i

23AGI0AG

(1) ANSI Std C37.06, Preferred Ratings and
Related Capabilities for AC High-Voltage
Circuit Breakers Rated on a Symmetrical

ANSI Sid C57.12.00, General Reguirements for
Liquid-Immersed Distribution, Power and
Regulating Transformers.
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Tablz 8.2-1
ADDITIONAL REQUIREMENTS
IEEE STD 765
IEEE STD76S Reference Keguirement or Explanatory Note
41 General SSAR Figure 8.3-1 should be used s the reference

42 Safety Classification

45 Availibility

S12 Transmission System
Reliability

513 Transmissiop System

Independence

5132

5133

532 Class 1E Power System
Interface Independence

533 Connections with Class 1E Systems

5332

5333

70 Muilti-Unit Considerations

single line instead of the IEEE Std example, Figures 2,
(a), {b) and (c).

The separation criteria calied for in Subsection 8.2.1.3
must be met.

The ABWR design utilizes direct connection of the two
preferred power circuits to the Class 1E buses.

Additional analysis is required per Section
82345

tw

Specific requirements for tclerance to equipment
failures are stated in the SSAR and must be met.

S’ .ce a separation of at least 50 feet is required tor the
exposed circuits, a common takeoff structure cannot be
used.

See 5.1.3.3 comments.

Automatic dead-bus ransfers are used to transfer from
the preferred power supply to the onsite AC source.
Manual dead-bus transfers are used between preferred
power supplies, and to transfer from the onsite source
back 1o the preferred power supply. Automatic live-bus
transfers are not required and are not used.

Only standby power soLrces may be paralieled with the
preferred power sources for load testing. The available
fault current must be less than the rating of the breakers.
It is not required and not allowed for the normal and
alternate preferred power supply breakers for a bus to
be clos~d simultancously so there is no time that the
available fault current at a bus exceeds the equipment

rating,

The ABWR is a single unit design, therefore there is no
sharing of preferred power supplies between units.

B26
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8.3 ONSITE SYSTEMS
(Spr H.5.2 2%  mProat e”
a f cAl® W gt pule p

8.3.1 AC Power Systems

R W&

The onsite power system interfaces with the
offsite power system at the input terminals to the
supply breakers for the normal and alternate power
feeds 1o the medium voltage (6.9kV) switchgear. It
is a three load group system with each load group
consisting of a pon-Class 1E and a Class 1E portion.
The three ipad groups of the Class 1E power system
{ie., the l;:c’gi\isions) arc independent of cach
other. The prip€ipal elements of the auxiliary ac
clectric pow€r systems are shown on the single line
diagrams (SLD) in Figures 8.3-1 through 8.3-3.

Each Class 1E division has a dedicated diesel
generator, which automatically starts on high drywell
pressure, low reactor vessel level or loss of voltage
on the division’s 6.9 kV bus. Each 6.9-kV Class 1E
bus feeds it’s associated 480V unit substation
through a 6 9-kV/ 480/277V power center trans-
former.

Standby power is provided to permanent
non-Class 1E loads in all three load groups by a
combustion turbine generator located in the turbine

building,

AC power is supplied at 69KV for motor loads
larger than 300KW and transformed 1o 480 V for
smaller loads. The 480V system is further
transformed into lower voltages as required for
instruments, lighting, and controls. In general,
motors larger than 300KW are supplied from the
69KV buses. Motors 300KW or smaller but larger
than 100KW are supplied power form 480V
switchgear. Motors 100KW or smaller are supplicd
power from 480V motor control centers.

See Subsection 8.3.4.9 for COL license
information

£3.1.0 Non-Class 1E AC Power System

$.3.1.0.1 Non-Class 1E Medium Voltage Power
Distribution System

The non-Class 1E medium voltage power
distribution system consists of nine 6.9KV buses
divided into three load groups. The three load group
configuration was chosen to match the mechanical
systems which are mostly three trains (Three

feedwater pumps, three circulating water pumps,

. three turbine building supply and cxhaust fans).

Within each load group there is one bus which
supplies power production loads which do not
provide water to the pressu.c vessel. Each one of
these buses has access to power from one winding of
its assigned unit auxiliary transformer. It also has
access to the reserve auxiliary transformer as an
alternate source if its unit awabary traasformer fails
or during maintcnance outages for the normal feed.
Bus transfer between preferred power sources 1s
manual dead bus transfer and not automatic.

Another bus within cach load group supplies power
to pumps which are capable of supplying water to the
pressure vessel during normal power operation (i.c.,
the condensate and fecdwater pumps). These buses
normaily receive power from the unit auxiliary
transformer and supply power to the third bus (plant
investment protection (PIP)) in the load group
through a cross-tie. The cross-tie automatically
opens on loss of power but may be manually reclosed
if it is desired to operate & condensate or feedwater
pump from the combustion turbine or the reserve
auxiliary transformer which are connectable to the
PIP buses. This cross-tie arrangement allows
advantage 1o be taken of the fact that the feedwater
pumps are motor driven through an adjustabic speed
drive so that they have low starting currents and can
be started and run at low power. The combustion
turbine and reserve auxiliary transformer have
sufficient capacity to start cither or both of the
reactor feedwater and condensate pumps in a load
group. This provides three load groups cf non-safety
grade equipment in addition to the divisional Class
1E load groups which may be used to supply water to
the reacior vessel in emergencies.

A third bus supplies power to permanent non-safety
loads such as the turbine building HVAC, the
turbine building service water and th. turbine
building closed cooling water systems. O loss of
normal preferred power the cross-tie to the power
production bus is automatically trippsd open and the
permanent non-Class 1E bus is asutomatically
transferred (two out of the three buses in the load
groups transfer) via a #7274 bus transfer to phe
combustion turbine ' womatically starts un
joss of power. The p: ... service systems for
each load group autc. -+s.cily restart to support
their load groups.

g3l
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The busecs are comprised of metal clad
switchgear rated for 7.2KV SOOMVA wath a bus full
load rating of 2000A. Maximum calculated full load
short time current is 1700A. Bus ratings of 3000
amperes are available for the swilchgear as insurance
against future load growth, if necessary. The
required wterrupting capacity is 41,000 amperes.

The 6.9kV buses supply power to adjustable
speed drives for the feedwater and reactor internal
pumps. These adjustable speed drives are designed
to the requirements of IEEE Std 519, Guide for
Harmonic Control and Reactive Compensation of
Static Power Converters. Voltage distortion limits
are as stated in Table 4 of the IEEE Sid.

£.2.1.0.2 Non-Class 1E Low Voltage Power
Distribution System

Power for the 480V zxliaries is supplied from
power cemters consisting of 6.9KV /480 volt
transformers and associated metalclad switchgear,
Figure 8.3-1. There are six non-Class 1E, two per
load group, power centers. One power center per
load group is supplicd power from the permanent
non-safety bus for the load group.

8.2.1.03 Non-Class 1E Vital AC Power Supply
System

The function of the non-Class 1E Vital ac Power
Supply System is to provide reliable 120V unin-
terruptible ac power for important non-Class 1E
loads that are required for continuity of power plant
operation. The system consists of three 120V ac
uninterruptible constant voltage, constant frequency
(CVCF) power supplies, cach including a static
inverter, ac and de¢ static transfer switches, a
regv!ating stepdown transformer (as an alternate ac
pow.. supply), and a distribution panel (Figure
%.3-3). The primary source of power comes from the
non-Class 1E ac motor control centers. The
secondary source is the non-Class 1E 125 VDC
centra! distribution pancls.

There are three automatic switching modes for the
CVCF power supplies, any of which may be initiated
manually. First, the frequency of the output of the
inverter is normally synchronized with the input ac
power. If the frequency of the input power goes out
of range, the power supply switches over to internal
synchronization to restore the frequency of its
output. Switching back to external synchronization is

automatic and occurs if the frequency of the ac

Amendment
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power has been restored and maintained for
approximately 60 seconds.

The second switching mode is from ac to de for the
power source. If the voltage of the input ac power s
less than 88% of the rated voltage, the input is
switched to the dc power supply. The input is
switched back to the ac powe: after a confirmation
period of approximately 60 seconds.

The third switching mode is between the inverter and
the voltage regulating transformer. If any of the
conditions listed below occur, the power supply s
switched to the voltage regulating transformer.

(a) Output voltage out of rating by more than plus
or minus 10 per cent

(b) Output frequency out of rating by more than
plus or minus 3 per cent

(c) High temperature inside of panel

(d) Loss of control power supply

{¢) Commutation failure

(f) Overcurrent of smoothing condenser
{g) Loss of control power for gate circuit
(b) Incoming MCCB trip

(i) Cooling fan trip

Following correction of any of the above eveats
transfer back is by manual initiation only.

83.1.0.4 Computer Vital AC Power Supply System
(Non-Class 1E)

Two constaet voltage and constant frequency
power supplies are provided to power the process
computers. Each of the power supplies consists of
an ac to de rectifier, and a dc to ac inverter, a bypass
transformer and dc and g¢ solid state transfes
switches (Figure 8.3-3). ‘normal feed for the
power supplies is from non-Class 1E power center
supplicd from the permgnett non-safety- related
buses which rcceive power from the combustion
turbine if offsite power is lost. The backup for the
normal feeds is from the 250VDC battery. Each
power supply is provided with a backup ac feed
though isolation transformers and a

£32
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static transfer switch. The backup feed is provided
for alternate use during maintenance periods.
Switching of the power supply is similar to that
described for the non-vital ac power supply system,
above. {Sece Subsection 83.1.0.3).

8.3.1.1 Class 1E AC Power Distribution
| System

! £.2.1.1.1 Medium Voltage Class 1E Power
Distribution System

Class 1E ac power loads are divided into three
divisions (Divisions 1, 1, and I11), each fed from an
independent 6.9-kV Class 1E bus. During normal
operation (which includes all modes of plant
operation; ie., shutdown, refucling, startup, and
run.), *wo of the three divisions are fed from an
offsite normal preferred power supply. The
remaining division shall be fed from the alternate

res power source {See Subsection 83.4.9).

Each 6.9 kV bus has a safety grounding circuit
breaker designed to protect personnel during
maintcnance operations (see Figure 83-1). During
periods when the buses are energized, these breakers
are racked out (i.c., in the disconnect position). A
control room annunciator sounds whenever any of
these breakers are racked in for service.

The interlocks for the bus grounding devices are as
follows:

(1) Undervoltage relays must be actuated.

{2) Bus Feeder breakers must be in the disconnect
position.

(3) Voltage for bus instrumentation available.

Conversely, the bus feeder breakers are
interlocked suck that they cannot close unless their
associated grounding breakers are in thewr discoancct
positions.

Standby AC power for Class 1E buses is supplied
by diesel generators at 6.9 kV and distributed by the
Class 1E power distribution system. Division I, 1
and 111 buses are automatically transferred to the
diesel generators when the normal preferred power
supply to these buses is lost.

Amendment
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(see Figvre §-3-], Shee? 3],
The Division 1 Class 1E bus\supplies power to
three separate groups of non-Class)1E fine motion
control rod drive (FMCRD) motors] Although these
motors are nol Class 1E, the drives may be inserted
as a backup 10 scram and are of special importance
because of this. It is important that the first available
standby power be available for the motors, therefore,
a diesel supplicd bus was chosen as the first source
of standby ac-power and the combustion turbine
supplied pip bus as the second backup source.

Divisioulv‘ihchmbeuuuitmthem#' ,
diese! generator. Sec jon 8.3.4.13 for L&
(COX Ticense information.

The load breakers in the Division 1 switchgear arc
part of the isolation scheme between the Class 1E
power and the non-Class 1E load. In addition to the

i

normal overcurrent tripping of these load breakers, ©

zone selective interiocking is provided between them

and the upstream Class 1E bus feed breakers.

If fault current flows in the non-Class 1E load, it
is sensed by the Class 1E current device for the load
breaker and a trip blocking signal is sent to the
upstream Class 1E feed breakers. This blocking lasts
for about 75 milliseconds. This allows the load
breaker 1o trip in its normal instantancous tripping
time of 35 to 50 milliseconds, if the magnitude of the
fault current is high enough. This assures that the
fauit current has been terminated before the Class
1E upstream breakers are free to trip. For fault
currents of lesser magnitude, the blocking delay will
time out without cither bus feeder or load breakers
tripping, but the load breaker will eventually trip and
always before the upstream feeder breaker. This
order of tripping is assured by the coordination
between the breskers provided by long-time pickup,
long-time delay and instantaneous pickup trip device
characteristics. Tripping of the Class 1E feed
hreaker is normal for faults which occur on the Class
1E bus it feeds. Coordination is provided between
the bus main feed breakers and the load breakers.

The zone selective interlock is a feature of the trip
unit for the breaker and is tested when the other
features such as current setting and long-time delay
are tested.

Power is supplied to each FMCRD load group
from either the Division I Class 1E bus or the

-

te 1E PIP bus through a pair of interlocked
trows 45 | ed between the power sources and the
6.9kV /480y transformer feeding the FMCRD Mcc/\_ﬂ_)
Ameert
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Switchover to the non-Class 1E PIP bus source 1s

{4%h automatic oo loss of power from the Class 1E diesel
2% | bus source. Switching back to the Tlass 1E diescl
bus pawer is by manual action only <

© prevent any possibility of
#n between Class 1E divisions through

MR D circuits, the FMCRD circuits will not
aficd with any Class 1E or Class 1E associate

8$2.1.12 Low Voltage Class 1E Power
Distribution System

£3.1.1.2.1 Power Centers

Power for 480V auxiliaries is supplied from power
centers consisting of 6.9-kV /480V transformers and
associated metal clad switchgear, Figure 8.3-1.

Class 1E 480V power centers supplying Class 1E
loads are arranged as independent radial systems,
with each 480V bus fed by its own power
transformer. Each 480V Class 1E bus in a division is
physicaily and electrically independent of the other
480V buses in other divisions.

The 480V unit substation breakers supply motor
control centers and motor loads up to and including
300KW. Switchgear for the 480V load centers is of
indoor, metal-enclosed type with drawout circuit
breakers. Control power is from the Class 1E 125
VDC power system of the same division.

831122 Motor Control Centers

The 480V MCCs feed motors 100kW or smaller,
control power transformers, process beaters,
motor-operated valves and other small electrically
operated auxiliaries, including 480-120V and
480-240V transformers, Class 1E motor control cen-
ters are isolated in separate load groups
corresponding to divisions established by the 480V
unit substations.

23A6100AG
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Starters for the control of 460v motors 100kW or
smalier are MCC-mounted, across-the-line magneti-
cally operated, air break type. Power circuits leading
from the electrical penetration assemblies into the
containment arca have a fuse in series with the
circuit breakers as a backup protection for a fault
current in the penectration in the event of circunt
breaker overcurrent or fault protection failure.

£.3.1.13 126/240V Distribution System

Individual transformers and distribution panels are
located in the vicinity of the loads requiring Class 1E
120/240V power. This power 1s used for emergency
lighting, and other 120V Class 1E loads.

$£.3.1.1.4 lnstrument Power Supply Systems

$3.1.1.41 120V AC Class 1E Instrument {
Power System

Individual transformers supply 120V ac instru-
ment power (Figure 83-2). Each Class 1E divisional
transformer is supplied from a 480V MCC in the
same division. There are three divisions, cach
backed up by its divisional diesel generator as the
source when the offsite source is lost. Power is
distributed to the individual loads from distribution
panels, and to logic level circuits through the control
room logic panels.

£3.1.1.42 120V AC Class 1E Vital AC Power Supply |
System

£3.1.1.42.1 Constant Voltage, Constant Frequency

(CVCF) Power Supply for the Safety System Logic
and Control (SSLC)

The power supply for the SSLC is shown in Figure
8.3-3, with each of the four buses supplying power
for the independent trip systems of the SSLC system.
Four constant voltage, constant frequency (CVCF)
control power buses (Divisions I, I1, 11, and 1V)
have been established. They are cach normally
supplied independently from inverters which, in turn,
are normally supplied power via a static switch from
a rectifier which receives 480V divisional power. A
125V dc battery provides an alternate source of

power through the static switch.

The capacity of cach of the four redundant Class
1E CVCF power supplics is based on the larges!
combined demands of the various continuous loads,
plus the largest combination of non-continwous loads |
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that would likely be connected 10 the power supply
simultaneously during normal or accident plant
operation, whichever is Mcg‘_sec R3434).

For Divisions I, 11, and I1L, the AC supply is from a
480 V MCC for each division. The backup dc supply
is via a static switch and a dc/ac inverter from the
125VDC central/distribution board for the

o r
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dec 4w a4 L pravice: fﬂ/ﬁ?
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division. A second static switch also is capable of
transferring from the inverter to a direct feed
through a voltage regulating transformer from a
480V motor control center for each of the three
divisions.

Since there is no 4B0V ac Division IV power,
Division 1V is fed from a Division 11 motor control
center. Otherwise, the ac supply for the Division IV
CVCF power supply is similar to the other three
divisions. The dc supply for Division IV is backed up
by a separate Division IV battery.

The CVCF power supply buses are designed to
provide logic and control power to the four division
SSLC system that operates the RPS. [The SSLC for
the ECCS derives its power from the 125 VDC
power system (Figure 8.3-4)]. The ac buses also
supply power to the neutron monitoring system and
parts of the process radiation monitoring system and
MSIV function in the leak detection system. Power
distribution is arranged to prevent inadvertent
operation of the reactor scram initiation or MSIV

isolation upon loss of any single power supply.

Routine maintenance can be conducted on
equipment associated with the CVCF power supply.
Inverters and solid state switches can be inspected,
serviced and tested channel by channel without

tripping the RPS logic.
$3.1.1422 Components

Each of the four Class 1E CVCF power supplics
includes the following components:

(1) a power distribution cabinet, including the
CVCF 120 VAC bus and circuit breakers for the
SSLC loads;

(2) a solid-state inverter, to convert 125 VDC power
to 120 VAC uninterruptible power supph~

(3) a solid-state transfer switch to sense inverter
failure and automatically switch to alternate 120

VAC power;

{4) a 480V /120V bypass transformer for the al-
ternate power supply,

(5) a solid-state transfer switch to sease ac input
power failure and automatically switch to
alternate 125 VDC power.

Amendment

cquipment.
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(6) a manual transfer switch for maintenance.

(7) an output power monitoﬂmmf"e
which monitors the 120 VAC

; power from the CVCF power supply to its

output power distribution cabinet. If the voliage
or frequency of the ac power gets out of its
design range, the power monitor trips and
interrupts the power supply to the distribution
cabinet. The purpose of the power monitor is to
protect the scram solenoids from voltage levels

and frequencies which could resuit in lhk_\
7772

A\ Prens

8£2.1.1.423 Operating Configuration

The four 120 VAC Class 1E power supplies oper-
ate independently, sding four divisions of CVCF
i the\SSLC which facilitate the
) he normal lincup for cach
division is thro Class 1E 480 VAC power
supply, the ac/dc rectifier, the inverter and the static
transfer switch. The bus for the RPS A solenoids is
supplied by the Division Il CVCF power supply. The
RPS B solenoids bus is supplied from the Division
111 CVCF power supply. The #3 soleniods for the
MSIVs are powered from the Division | CVCF; and
the #2 soleniods, from the Division I CVCF power

supply.

$3.1.1.5 Class 1E Eiectric Equipment
Considerations

The following guidelines are utilized for Class 1E
cquipment

/
P 1S /
InGependence b s~
S—— T”/ .
All cables ; ,/"arc /’
supported in raceways (i.c., tray conduiy). All {
electrical equipment is separated in accordance with {
IEEE Std 384, Regulatory Guide 1.75 and General '
Design Criterion 17, witk the following clarifying /
interpretations of [EEE S d 384:

(1) Enclosed solid metal raceways are W(or

separation between Class 1E of associated !
cables of different safety divisions.or between
Class 1E or associated cablés and non-Class 1E
cables if the vertiesl separation distance is less
than 1.5 meters (five feet), the horizontal
separation distance is less than 0.9 meters (three
feet) and the cables are in the same fire area;

835
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(2) Both groupings of cabies rcquiring separation
per item one must be enclosed in solid metal
raceways and must be scparated by at icast 2.54

| cm (1 inch.).

Amendment
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To meet the provisions of Policy Issue S
013, which relates to fire tolerance, three hour f
fire barriers are provided between areas of di
safety divisions throughout the plant except in
primary containment and the control room cgm
See Section 9.5.1.0 for a detailed description
the provisions of the Policy Issue are met.

Electric equipment and wiring for
systems which are segregated into sep
are separated so that no design basis

ate divisions
ent is capable
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les being routed
he Main Control

provided among divisional ca
between the equipment rooms,

walls, floors, and ceilings. The pquipment is located
to facilitate divisional separatign of cable trays and to
provide access to electrical netnuon assembhcs
Exceptions to this seplnu :

The penetration assemblig:
periphery of the contaigment and at dxﬁcrcni
clevations to facilitate reapor
and from the cqup-em No penetration carries
cables of more than one dijision

Separation within the main control room is
designed in accordanc¢ with IEEE 384, and is
discussed in Subsection 83.1.4.1.

Wiring for all Class 1B equipment indicating lights
is an integral part of the Class 1E cables used for
control of the same equipment and arc considered to
be Class 1E circuits.

2IA100AG
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(eq)

ding divisional |
are the same as
cables are reqn'n'cy’(
1E cables,

ate fire areas on different
dded ducts is employed to

Deliberate to;uing n
floor levels, and me

o

§3..152 Class 1E Electric Equi Design
Bases and Criteria [ tens pat /A K °

(1) Motors are sized in accordance with NEMA
standards. The manufacturers’ ratings are at
least large enough to produce the starting,
pull-in and driving torque needed for the
particular application, with due consideration
for capabilities of the power sources. Plant
design specifications for electrical equipment
require such cequipment be capable of contin-
uous operation for voltage fluctuations of + /-
10%. In addition, Class 1E motors must be able
to withstand voltage drops to 70% rated during
starting trunsients. See Subsection 8.3.4.12 for
COL license information.

Power sources, distribution systems and branch
ci: cuits are designed to maintain voltage a

frequency within acceptable limits.

The selection of motor insulation such as Class
F, H or B is a design consideration based on
service requirements and cnvironment. The
Class 1E motors are qualified by tests in
accordance with TEEE Std 334,

3)

(4) Interrupting capacity of switchgear, power
centers, motor control centers, and distribution
panels is equal to or greater than the maximum
available fault current to which it is exposed

under all modes of operation.

Interrupting capacity requirements of the
medium voltage Class 1E switchgear is selected
to accommodate the available short-circunt
current at the switchgear terminals. Circuit
breaker and applicati~us are in accordance with
ANSI Standards. Sec Subsection 8.3.4.1 for
COL license information,

Unit substation transformers are sized and
impedances chosen to facilitate the selection of
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low-voltage switchgear, MCCs and distribution
pmls, which are optimized within the manufac-
turer’s recommended ratings for interrupting
capacity and coordination of overcurrent devices,
Impedance of connecting upstream cable is factored (3) 6.9kV feeders for heat exchanger building
in for a specific physical layout. substations have inversc time overcurrent and

/——\ - ground fsult protection.
/ 83 53::? 7 pooce Sv u o))
v X232 f ~" /(4) 6.9kV feeders used for motor starters have

sign provides for periodically ,‘esung the - instantancous, inverse time overcurrent, ground
cham of system elements fromy fault and motor protection.
through driven cqmpmem to assure that Class 1E
equipment is functioning in accordance with design (5)
requirements. Such on-line testing is greatly
enhanced by the design, which utilizes three

IAGINAG
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(2) 6.9kV feeders for power centers have instan-
taneous, inverse time overcurrent and groend
fault protection.

™

480V bus incoming line and teeder crcuits have
inverse time overcurrent and ground fault
protection.

"

e ———

| independent divisions. 4 The requirements of IEEE
Std 379 Regulatory/Guide-1.118 and IEEE 338 are 8.3.1.1.64 Protection Requirements

\ mgel - ] Trr €qu predT Wnick corncl be
’es'ﬁ‘ t" ' ve Plet opera’ si, The relipbil t4 !

[ testfirg CoOm bfft Lovrmod dorisy

Floe S vut dpur ,{ ¢ v

eyonge “"’" re - uowr)

fe19

Protective devices of the diesel generators meet all
uirements of [EEE 603. When the diesel-gener-

gro”

811161 Philosophy of

Simplicity of load grouping facilitates the use of
conventionai, protective relaying practices for
isolation of fauits. Emphasis bas been placed on
preserving function and limiting loss of Class 1E
equipment function in situations of power loss or
equipment failure.

Circuit protection of the Class 1E buses contained
within the nuclear island is interfaced with the design
of the overall protection system outside the nuclcar
sland.

$3.1.162 Grounding Methods

Station grounding and surge protection is discussed
in Appendix 8A.1. The medium veltage (6900V)
system is low resistance grounded except that each
diesel generator is high resistance grounded to

maximize availability.

See Subsection 8.3.4.14 for COL license
information pertaining to administrative control for
bus grounding circuit breakers.

831163 Bus Protection
Bus protection is as follows:
(1) 6.9kV bus incoming circuits have inverse time

overcurrent, ground fault, bus diffcrential and
undervoltage protection.

re called upon to operate during LOCA
ions, the only protective devices which shut
dicsel are the gencrator differential relays,
‘engine overspeed trip. These protection
dc\nccs are retained under accident conditions to
protect against possible, significant damage. Other
protective relays, such as 'oss of excitation,
antimotoring (reverse power), overcurrent voltage
restraint, low jacket water pressure, high jacket water
temperature, and low lube oil pressure, are used o
protect the machine when operating in parallel with
the normal power system, during penodic tests. The
relays are automatically isolated from the tripping
circuits during LOCA conditions. However, all of
these bypassed parameters are annunciated in the
main control room ( 831.185). The
bypasses are test et all IEEE 603 require-
ments, and arc dapaally reset as required by
Position 7 of Reg. Guide 1.9, No trips are bypassed
during LOPP or testing. Sdbsection 8.3.4.15 for
COL license information.

Synchronizing interlocks are provided to prevent
incorrect synchronization whenever the diescl
generator is required to operate in parallel with the

power supply (see Section 5.1.4.2 of IEEE

741). Swhnvwwﬂﬁm
Subsection 8.3.4.23). P‘b "
M;L-.ﬁ,.-——————’# 0"7 1%

$3.1.1.7 Load
Class 1E Buses

This subsection addresses Class 1E Divisions 1, 11,
and I11. Load shedding, bus transfer and sequencing
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on a 6.9kV Class 1E bus is initiated on loss of bus
voltage. Only LOPP signals are used to trip the
loads. However, the presence of a LOCA during ' = Py
LOPP reduces the time delay for initiation of bus Y ke Class IE oqu et 15 gon v 0
transfer from 3 seconds to 0.4 seconds. oad ) 40 Suttern opevalipn for THE % iR bl
sequencing for the diesels is given on Table 8.3-4. | peried & [ thay T Cimest e The Ay et

Load shedding and buses ready to load signals are
generated by the control system for the electrical
power distribution system. Ind“idual timers for cach
major load are reset and started by their electrical

power distribution systems signals.

(1) Loss of Preferred Power (LOPP) The 6.9kV
Class 1E buses are normally energized from the

8371
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9—# normal or alternate preferred power supplies.
Should the bus voltage decay to below 70% of

L
-
its nominal rated value, a bus transfer is initiated, ™
and the signal will trip the supply breaker, an %
start the diesel generator, When the bus voltage

. -
decays 1o 30%, large P or breakers ue‘-: 5\ \
tripped. The tranfetgrdeceds to the diesel f’g
generator. If the “diesel generator is

reay to accept load (ic., voltage and frequency ™ %
are within normal limits and no lockout exists, | §

and the normal and alternate preferred supply ™

breakers are open), then the diesel-gener
3 ___breaker is signalled to dose(&s
s e N’%a’u’ia&:alic transfer of the Class 1E bus to the S
diesel generator. Large motor loads will be'S

sequence started as required and shown on ~
Table 8.3-4.

-~

{2) Loss of Coolant Accident (LOCA): When &
LOCA occurs, with or witLout a LOPP, the load
sequence timers are started if the 6.9 KV
emergency bus voltage is greater than 70% and
loads are applied 1o the bus ac the end of preset
times.

Each load has an individual load sequence timer
which will start if a LOCA occurs and the 6.9
KV emergency bus voltage is greater than 70%,
regardless of whether the bus voltage source is
sormal or alternate preferred power or the
diesel generator. The load sequence timers are
part of the low level circuit logic for each LOCA
load 224 do not provide a means of common
mode failure that would render both onsite and
offsite power unavailable. If a timer failed, the
LOCA load could be applied manually provided
the bus voltage is greater than 70%.

(3) LOPP following LOCA: If the bus voltage
(normal or alternat- preferred power) is lost
during post-accident operation, transfer to diesel
generator power occurs as described in (1)
above.

(4) LOCA following LOPP: If a LOCA occurs fol-
Jowing Joss of the normal or alternate preferred
power supplies, the LOCA signal starts ESF
equipment as required. Running loads are not
tripped. Automatic (LOCA + LOPP) time
delayed load sequencing assures that the
diesel-generator will not be overloaded.

(5) LOCA when diesel generator is paraliel with
preferred power source during test: If 2 LOCA

Amendment
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g
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occurs when the diesel generator s paralied with
cither the normal preferred power or the
alternate preferred power source, the D/G will
automatically be disconnected from the 6.9 KV
emergency bus regradiess of whether the test is
being conducted from the local control panel or
the main control room.

LOPP during diesel generator paralleling test
If the normal preferred power supply is lost
during the diesel-generator paralicling tes?, the
diesel-generator circuit breaker is automatically
tripped. Tramsfer to the diesel generator then
proceeds as described in (1).

If the alternate preferred source is used for load
testing the diesel gene , and the alternate
preferred source is Jost, the diesel-generator
breaker is automati ' . Load shedding
and bus transfer will proceed as described in (1).

Restoration of offsite power: Upon restoration
of offsite power, the Class 1E bus(es) can be
transferred back to the offsite source by manual

operation only.

Protection against degraded voltage: For
protection of the Division 1, Il and ili electrical
equipment against the effects of a sustained
degraded voitage, the 6.9 kV ESF bus voltages
are monitored. When the bus voltage degrades
to 90% or below of its rated value and after a
time delay (to prevent triggering by transients),
undervoltage will be annunciated in the control
room. Simultaneously, a protective relay timer
is started to allow the operator to take
corrective action. The timer sejtings are based
on the system load analysis'such that the
respective feeder breaker trips before any of the
Class 1E loads expericnce degraded conditions
exceeding those for which the equipment is

i 24y This assures such loads
wil! restart when the diesel generator assumes
the degraded bus and sequences its loads. If the
bus voltage recovers within the time delay
period, the protective timer will reset. Should a
LOCA occur during the time delay, the feeder
breaker with the undervoltage will be tripped
instantly. Subsequent bus transfer will be as
described above. These bus voltage monitoring
schemes are designed in accordance witk
Section 5.1.2 of IEEE 741

E38
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£3.1.18 Standby AC Power System

The diesel gencrators comprising the Divisions I, 11
and 111 standby ac power supplics are designed to
quickly restore power to their respective Class 1E
distribution system divisions as required to achieve
safe shutdown of the plant and/or to mitigate the

| consequences of a LOCA in the event of a LOPP.
Figure 8.3-1 shows the interconnections between
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the preferred power supplics and the Divisions 1, 11
and 111 diesel-generator standby power supplies.

See Subsection 9.5.13.8 for COL license
information.

8$2.1.18.1 Redundant Standby AC Power
Supplies

Each standby power sysiem division, including the
diesel generator, its auxiliary systems and the
distribution of power to various Class 1E loads
through the 6.9kV and 480V systems, is segregated
and separated from the other divisions. No
automatic interconnection is provided between the
Class 1E divisions. Each diesel generator set is
operated independently of the other sets and is
connected to the utility power system by manual
control, only during testing or for bus transfer.

$3.1.18.2 Ratings and Capability

The size of cach of the diescl-generators serving
Divisions 1, Il and 111 satisfies the requirements of
NRC Regulatory Guide 1.9 and IEEE Std 387 and
conforms to the following critena:

(1) Each diesel generator is capable of starting,
accelerating and supplying its loads in the
sequence shown in Table 8.3-4.

(2) Each diesel generator is capable of starting,
accclerating and supplying its loads in their
proper sequence without exceeding a 25%
voltage drop or a 5% frequency drop measured
at the bus.

(3) Each diesel generator is capable of starting,
accelerating and running its largest motor at any
time after the automatic loading sequence is
completed, assuming that the motor had failed

to start initially.

(4) The criteria is for cach diesel generator 1o be
capable of reaching full speed and voltage within
20 seconds after receiving a signal to start, and
capable of being fully loaded within the next 65
seconds as shown in Table 8.3-4. The limiting
condition is for the RHR and HPCF injection
valves to be open 36 seconds after the receipt of
xhighdrywcllorlowrmmveuellesdsipnl
Since the motor operated valves are not tripped
off the buses, they start to open, if requested to
do so by their controls, when power is restored

Amendment

io the bus ai 20 seconds. This gives them an
allowable travel time of 16 seconds, which is
attainable for the valves.

See Subsection 8.3.4.2 for COL license
information.

(5) Each diesel gencrator has a continuous load
rating of 6.25 MVA @ 0.8 power factor (see
Figure 8.3-1). The overload rating is 110% of
the rated output for a two-hour period out of a
24-hour period.

(6) [Each diesel generator has stored energy (fuel)
at the site in its own storage tank with the
capacity to operate the standby diesel generator
power supply, while suppying post-accident
power requirements to a unit for seven days
(see 9.54.1.1).

(7) Each diesel gencrator has stored energy (fuel)
at the site in its own day tank with the capacity
10 operate the standby dicsel generator power
supply while supplying post accident power
requirements for 8 hours. The fuel transfer
system automatically maintains the capacity of
the day tank (see 9.5.4.2).

(8) Each diesel generator is capable of operating in
its service environment during and after any
design basis event, without support from the
preferred power supply. It can start up and
run, with no cooling available, for the time
required to bring the cooling equipment into
service as it sequences onte the bus (see 20.3
RAI-16, Question/Answer 430.282).

(9) Each diesel generator is capable of restarting
with an initial engine temperature equal to the

continuous rating full load engine temperature.

(10) Each diesel generator is capable of accepting
design load following operation at light or no
load for a period of 4 hours. This capability
shall be demonstrated by the supplier prior 1o
shipment, but is exempt from periodic testing
to avoid undue stress to the diesel engine.

{11) Each diesel generator is capable of carryving its
continuous Joad rating of 22 hours followed by
2 bours of operation at its shor* time rating.

(12) The maximum loads expected to occur for cach
division (according to nameplate ratings) do
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not exceed 90 percent of the continuous power

output rating of the diesel generator. -

w1 CHE

(13) Each diesel generator's air recci_\phm have
sufficient capacity for & starts without
recharging

0SS SelnEe ¥

5L

9.5 (,ﬂ': ’

(14) During diesel generator load sequencing, the
frequency will be restored to within 2% of
nominal, and voltage will be restored to within
10% of nominal within 60% of cach load
sequence time interval (see C.4 of Regulatory
Guide 1.9).

(15) During recovery from transients caused by
step load increases or resulting from the
disconnection of the largest single load, the
speed of the diesel generator unit will not
exceed the nominal speed plus 75% of the
difference between nominal speed and the
overspeed trip setpoint or 115% of nominal,
whichever is lower (see C.4 of Regulatory
Gude 1.9).

(16) The transient following the complete loss of
load will not cause the speed of the diesel
generator unit to attain the overspeed trip

4 of Regulatory Guide 1.9).

(17) Bus requency will recover to 6.9
kVF10% at 60p2% Hz within 10 seconds
following trip and restart of the largest load.

(18) Each of the above design criteria has the
capability of being periodically verified (see
8.3.4.36). However, note exception for Item
(19).

£2.1.183 Starting Circuits and Systems

Diesel generators I, 11 and I11 start automatically
on Joss of bus voltage. Under-voitage relays are used
10 start cach diesel engine in the event of a drop in
| bus voltage below preset values for a predetermined
period of time. Low-water-ievel switches and drywell
high-pressure switches in each division are used to
initiate diesel start under accident conditions.
Manual start capability is also provided. The Class
1E batteries provide power for the diesel control and
protection circuits. The transfer of “he Class 1E
buses to standby power supply is automacic should
this become necessary on loss of preferred power.
After the breakers connecting the buses to the
preferred power supplies are open the diesel-

Amendment
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generator is closed when required gencrator

Disel generators 1, 11 and 111 are designed to start
sad attain rated voltage and frequency within 20
scconds. The generator, and voltage regulator are
designed to permit the set to accept the load and to
accelerate the motors in the sequence within the
time requirements. The voltage drop caused by
starting the large motors does not exceed the
requirements set forth in Regulatory Guide 1.9, and
proper acceleration of these motors is ensured.
Control and timing circuits are provided, as
appropniate, to ensure that cach load is applied auto-
matically at the correct time. Each diesel generator
set is provided with two independent starting awr
systems.

£3.1.184 Automatic Shedding, Loading and
Isolation

The diesel generator is connected to its Class 1E
bus only when the incoming preferred source
breakers have been tripped (Subsection 8.3.1.1.7).
Under this condition, major loads are tripped from
the Class 1E bus, except for the Class 1E 480V unit
substaticn feeders, before closing the diesel
gencrator breaker.
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The large motor loads are later reapplied
sequentially and automatically to the bus after

closing of the diesel-generator breaker.
£3.1.185 Protection Systems

The diesel generator is shut down and the
generator breaker tripped under the following
conditions during all modes of operation and testing
operation:

{1} engine overspeed trip; and
(2) generator differential relay trip.

These and other protective functions (alarms and
trips) of the engine or the generator breaker and
other off-normal conditions are annunciated in the
main control room and/or locally as shown in Table
%.3.5. Local alarm/annunciation points have
auxiliary isolated switch outputs which prowide inputs
to alarm/annunciator refresh units in the main
control room which identifies the diesel generator
and general anomaly concerned. Those anomalies
which cause the respective D/G to become
inoperitive are so indicated in accordance with
Regulatory Guide 1.47 and BTP PSB-2.

8$1.1.186 Local and Remote Control and
indication

Each diesel generator is capable of being started or
stopped manually from the main contrel room.
Start/stop control and bus transfer control may be
transferied to a local control station in the diesel
generator arca by operating key switches at that

ontrol room indications are provided for
system output, i.e., volts, amps, walls, vars,
frequency, synchromization, field volts, ficld amps,
engine speed, and watt-bours. Dicsel generator
status (i.e., "RUN", "STOP") indication is provided
for the Remote Shutdown System.

$31.157 Engine Mechanical Systems and
Accessories

Descriptions of these systems and accessories are
given in Section 9.5,

8311585 loteriocks and Testability
Each dicsel generator, when operating other than

Amendment
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in test mode, is totally independent of the preferred
power supply. Additional interlocks to the LOCA
and LOPP scnsing circuits terminate parallel
operation test and cause the diescl generator to
automatically revert and reset to its standby mode if
either signal appears during a test. 4 A lockout or

maintenance mode removes the diesel generator

W\A
—
e,

from service. The inoperable status is indicated in
the control room. [ These wterisch: aye deos send

| 40 e _4estab'® aw
L £ 6 . 2.4.2

83.1.189 Reliability

The qualification tests are performed on the diesel
generator per IEEE Std. 387 as modified by
Regulatory Guide 19 requircments.

See Subsection 8.3.4.10 for COL license informa-
tion.

£3.12 Analysis

b Gemrel AG-Pos Systeme—L

The general ac power systems are illustrated in
Figure 8.3-1. The analysis demonstrates compliance
of the Class 1E ac power system to NRC General
Design Criteria (GDC), NRC Regulatory Guides
and other criteria consistent with the Standard
Review Plan (SRP).

Table 8.1-1 identifics the onsite power system and
the associated codes and standards applicd in
accordance with Table 8-1 of the SRP. Criteria are
listed in order of the listing on the table, and the
degree of conformance is discussed for each. Any
exceptions or clarifications are so noted.

(1) General Design Critenia (GDC):

(a) Criteriaz GDCs 2, 4,17, 18 and 50.

(b) Conformance: The ac power system i in
compliance with these GDCs. The GDCs
are generically addressed in Subsection
112

(2) Regulatory Guides (RGs):
() RG16- Independence Between Re-

dundant Standby (Onsite)
Power Sources and Between
Their Distribution Systems

8310
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(b) RG 19- Selection, Design, and Qua-

(<)

lification of Diese!-Generator
Units Used as Standby (Ousite)
Electric Power Systems at
Nuclear Power Plants

RG 1.32- Criteria for Safety-Related
Electric Power Systems for
Nuclear Power Plants

Fuses cannot be penodically tested and are
exempt from such requirements per Section
4.1.7 of IEEE 741

/ Section 5.2 of TEEE 308 requires that Class

1E equipment which has no direct safety
function (such as overload devices,

| protective relaying, etc.), be analyzed 1o

assure conseguences of any operation or
failure is acceptable to the Class 1E power
system. Such devices may potentially fail in
such a way that a pump or motor within a
safety group is prematurely tripped and
cannot perform its function. However, such
devices cannot cause inadvertent actuation
of the safety function. (For example, a
motor cannot inadvertently start as a result
of a failed overload protection device.)
Therefore, this analysis need only be
concerned with one of two possible failure
modes.

The ABWR has three independent
divisions, any one of which can safety shut
down the plant (83.1.1.53). The failure of
one complete division is acceptablc because
the remaining divisions will automatically
assure adequate reactivity control, core
cooling, containment of radioactivity
release, and integrity of the reactor coolant
svstem and containment. A detailed (ailure
analysis is presented in Chapter 15. The
assumption of a compiete divisional failure
is conservative in that it envelopes the
severity of any individual component
failures within the division.

The probability of common-mode failures

. attributed to set point drift is not
" for two reasons:

- ——————————————————r

{

i
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1) Set points are determined on the basis
an NRC-approved methodolegy
(NEDC-31336 "General Electric
Instrument Sctpoint Methodology®),
which incorporates allowance for set point
drift based on historical data accumulated
from approximately 9 reactor-years of
expenence.

2) Loads, such as motors, are designed with
sufficient current carrying capability or
overload margins so that set points of
protective devices are set sufficiently
above the operating current point of the
loads 10 allow for setpoint drift.

—

This analysis has shown that postulated
failure of Class 1E components which bave
no direct safety function is acceptable to the

Class 1E power system.

Deand: I

83101
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(d) RG 147- Bypassed and Inoperable Sta-
tus Indication for Nuclear
Power Plant Safety Systems

{e) RG 163- Electric Penetration Assem-
blies in Containment Struc- |
tures for Light-Water-Cooled \
Nuclear Power Plants \

(fy RG175- Physical Independence of /

Electric Systems
(mewe %, Po~e )
(g) RG 1.106 - Thermal Overload Protection
for Electric Motors on Mo-
tor-Operated Valves

Safety functions which are required to go to
completion for safety have their thermal
overload protection devices in force during
normal plant operation but the overloads
are bypassed under accident conditions per

‘ Postion 1.(b) of the guide.
{ Dupd P metr
: (8} RG 1.108 - Periodic Testing of Diesel

Generator Units Used as On-
site Electric Power Systems at
Nuclear Power Plants

{i) RG 1.118 - Periodic Testing of Electric
power and Protection Systems

i ——— -

(i) RG 1153 - Criteria for Power, Instrumen-
tation, and Control Portions of

Safety Svstems

Fuses cannot be periodically tested and are
exempt from such requirements per Section
4.1.7 of IEEE 741.

(k) RP 1.155 - Station
(Q ’

Regndnu Positios C-1 of Regulatory Guide 1.75

| (see Section 8.3.1.1.1), the m-Chu\lE FMCRD

sphied power from the

Division 1 Class 1B bus th edicated power
cemter The Clas d breaker for
the bus is tripped by fault currént for fauits in the

non-Class 1E load. There is also a zone selective
interlock prmdedfmntheloadheﬁawtheam
lEbusmpp!yhrukc:wMthempplybreﬂctu
becked from tripping while fault current is flowing
in the mon-Class 1E load feeder. This meets the
intent of the Regulatory Guide position in that the

maip supply breaker is prevented from tripping on

v

-/

e e e . et

Amendment

23A6100AG '

.

fanlu in the nonoufe(y-remed londs

rcqmremcm J‘-‘»ic e Swl‘r" ;auw"ﬂ“n

fead

Py 5 Class (F gssociete
There are thice 6.9 KV clectrical dwmons which '.q)
are independent load groups backed by individual '
diesel-generator sets. The low voltage ac systems /
cowsists of four divisions which are backed by

: : s
independent dc battery, charger and inverter ,‘

systems.

There is no sharing of stan”by power system
components between divisions, and there is no |
sharing of diesel-generator power sources between
ums,mthcABWRsanngkm phmdesng;n

Each standby power su for mh o! the three
divisions is composed of a generator driven by ,
a diesel engine having faststart Pharactenstics and -
sized in accordance with Regulatory Guide 19.

l
|
{

!

Table 8.3-1 and 8.3-2 show the rating of cach of the
Divisions L, I1 and 11l diese! generators, respectively,
and the maximum coincidental load for each. J

(’
| (3) Branch Technical Positions (BTPs):

BTP ICSB 8 (PSB) - Use of Diesel-
Generator Sets for Peaking

(a)

(b) BTP ICSB 18 (PSB) - Application of the
Single Failure Criterion to Manually-

Controlled Electrically-Operated Valves.

BTP ICSB 21 - Guidance for Application
of Regulatory Guide 147

BTP PSB 1 - Adequacy of Station Electric
Dastribution System Voltages

(c)

(d)

BTP PSB 2 - Criteria for Alarms and In-
dications Associated with Diesel-Gene-
rator Unit Bypassed and Inoperable
Status

(e)

The onsite ac power system is designed
) consistent with these positions.

£311
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(4) Other SRP Criteria:

{a) NUREG/CR 0660 - Enbhancement of
Onsite Diesel Generator Reliability

As indicated in Subsection 5.1.3.1.2.4, the

operating procedures and training of personnel

are outside of the Nuclear Island scope of

supply. NUREG/CR 0660 is thercfore im-

posed as an interface requirement for the
| applicant (See Subsection 8.1.4.1)

(b) NRC Policy Issue On Alternate Power for
Non-safety Loads

This policy issue states that *_..an alternate
power source be provided to a sufficient
string of non-safety loads so that forced
circulation could be maintained, and the
operator would have availabic to bim the
complement of non-safety equipment that
would most facilitate his ability to bring the
plant to a stable shutdown condition,
following a loss of the normal power supply
and plant trip.” (Quote from EPRI
Evolutionary SER, Section 4.2.1, Page
11.4-4 May 1992)

The ABWR reserve auxiliary transformer
has the same rating as the three unit

assume the full load of any one unit

~  auxiliary transformer (sce

‘. Seewen 82.12). The interconnection
capability for the ABWR is such that any
plant loads can be manually connected to
receive power from any of the six sources
(i.c., the two switchyards, the combustion
turbine, and the three diesel generators),
The ABWR therefore exceeds the
requirements of the policy issue.

/

| € conTre b are

Aémwurﬁozc . Co=in
) , S L ]

frovié o

£3415).
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A planned quality assurance program is provided
in Chapter 17. This program includes a comprehen-
| sive system to ensure that the purchased material,
manuiacture, fabrication, testing and quality control
of the equipment in the emergency electric power
system conforms to the evaluation of the emergency
electric power system cquipment vendor quality
assurance programs and preparation of pro-
curement specifications incorporating quality
assurance requirements. The administrative
responsibility and control provided are aiso des-

| cribed in Chapter 17.

! These quality assurance requircments include an
| appropriate vendor quality assurance program and
| organization, purchaser surveillance as required,

vendor preparation and maintenance of appropriate
test and inspection records, certificates aad other
quality assurance documentation, and vendor
submittal of quality control records considered
necessary for purchaser retention to verify quality of
completed work.

auxiliary transformers, and therefore can :} [m*' X 8‘?;?

b
8312
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A pecessary condition for receipt, installation and
placing of equipment in service has been the signing
and auditing of QA/QC verificaiion data and the
placing of this data in permanent onsite storage files.

§3.124 Epvironmental Cousiderstions

In addition to the effects of operation in normal
service environment, all Class 1E cquipment s
designed 10 operate during and after any design basis
event, in the accident environment expected in the
arca in which it is located. All Class 1E electric
equipment is qualified to 1IEEE 323 as discussed in
Section 3 11. See Subsection 8.3.4.3 for COL license
information.

%55
8345 Physical Identification of Safety-
Related Equipment !

g1

831131 P'o;ver. Instrumentationr and Control
Systems

Electrical and control equipment, assemblies,
devices, and cables grouped into scparate divisions
shall be identified so that their electrical divisional
assignment is apparent and so that an observer can
visually differentiate between Class 1E equipment
and wiring of different divisions, and between Class
1E and non-Class 1E equipment and wires. The
identification methou shall be placed on color
coding. All markerswathin a division shall have the

| same color. Faf associated)cables treated as Class
1E (see Note'l) , therg s¥all be an A" appended to

the divisional de ion (eg., "Al1"). The latter *
stands for associ ~N" shall be used {or
nondmisional - : cables are unigdely

identified by a )
coded method
of the cable marker for associated cabies
same as the related Class 1E cable.
separation requirements of indivi
hardware are shown in the syste
diagrams. ldentification of r
shall be compatible with the
Class 1E equipment with which i interfaces. Loca-
tion of identification shall be fuch that points of
change of circuit ification (at isolation devices,
etc.) are "W
fogbb

Note r‘fi‘o‘an circuits added beyond the

‘ certified dgsign must be specifically
“ideatified aZd justified pes-dubecciion

SyE 3443 Associated circuits are defined i

Section £.5.1 of IEEE 384-1981, with the
clarification for Items (3) and (4) that

ngitedi

clementary
cables, etc.,

Amendment

-
) REV B

non-Class 1E circuits being/in an enclosed
raceway without the required physical
separation or barriers betwepa the enclosed
raceway and the Class 1E or associated cables
makes the circuits (related & n-Class1E
cabie in the enclosed ustwly ~associated

circuits. J
e.3.5571 —
uy’ﬁ § quipment Identification

Equipment (pancis, racks, junction or pull boxes)
of each division of the Clas 1E electric system and
various CVCF power supply divisions are identified
as follows: -

the cabie jafket markers and the raceway

with an equipment number the same
ed on the single-line diagrams.

(3) /& nameplates are laminated black and white
plastic, arranged to show black engraving on a
/ white background for non-Class 1E equipment.
For Class 1E equipment, the name-plates have
color background with black engraving.
9335 2
£.3.151.2 Cable identification

All cables for Class 1E systems and associated
circuits (except those routed in conduits) are tagged
every § ft prior to (or during) installation. All cables
are tagged at their terminations with a umque
identifying number (cable number), in addition to
the marking characteristics shown below.

Cables shall be marked in a2 manncr of sufficient
durability 1o be legible throughout the life of the
plant, and to facilitate initial verification that the
installation is in conformance with the separation

-

St *h markings shall be colored 10 uniquely identify
the division (or non-division) of the cable.
Generaily, individual conductors exposed by
strippiog the jacket are also color coded or color
tagged (at intervals not to exceed 30.5 cm (1 ft.)) |
such that their division is still discernable.
Exceptions are permitted for individual conductors

8313
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within cabiuets or pancis where all wiring s umigue
1o a single division. Any pon-divisional cable within
such cabinets shall be appropriately marked to
distinguish it from the divisionai cablies.

1 2%$5.1-%

All conduit is similarly taiged with a umique
conduit number, in addition to the marking cha-
racteristics shown below, at 4.57 meters (15 ft)
intervals, at discontinuitics, at pull boxes, at ponts of
entrance and cxit of rooms and 21 origin and
destination of equipment. Conduits containing
cables operating at above 600V (i.e., 6.9kV) are also
tagged to indicate the operating voltage. These
markings are applied prior to the instailation of the
cables.

All Class 1E cable raceways are marked with the

division color, and with their proper raceway

I identification at 4.57 meters (15 ft) intervals on

straight sections, at turning points and at points of

entry and exit from enclosed areas. Cable trays are
marked prior to installation of their cables.

To help distinguish the neutron-monitoring and
scram solenoid cables from other type cables, the
following unique voltage class designations and
markings are used:

Type of Unique P
Specaial Cables Voltage Clasy
Neutron-mot...oring VN
Scram solenoid cables vs /

/

! The VN or VS markings are superiui)ou.d on

the divisional color markings, and placed At the same
intervals.

For Evy pretedien, /

<01 3putron-monitoring cables are rén in their own

adivisional conduits and cabie trW
e e et SNt R RO O ea bbb/

Scram solenoid cables are runin a separate conduit
for cach rod scram group. /:‘

The redundant Class 1E; equipment and circuits,
assigned to redundant Class 1E divisions and
non-Class 1E system equipment and circuits are
readily distinguishable from each other without the
necessity for consulting reference materials. This is
accomplished by color coding of equipment,

Amendment

. \
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name-plates, cables and nj:cways. as described
above., 1"
2% <14

831344 Seasory Equipment Grouping snd
Letters

Redundant sensory logic/control and actuation
equipment for safety-related systems shall be
identified by suffix Jetters. Semsing lines are
discussed in Section 7.7.1.1.

2336
A hﬁ”ﬁ’c of Redundant Systems
. 7& /"/

The Class YE onsite clectric power systems and

major composients of the separate power divisions is
shown on Figare 83-1.

Independence of the electric equipment and
raceway systems between the different divisions is
maintaiged primarily by firewall-type separation as
decribed in Subsection 8.3.1.42. Any exceptions are
justif}éd in Appendix 9A, Subsection 9A 555,

f
fhe physical independence of electric power
tems complics with the requirements of IEEE
dard 384, General Design Criteria 17, 18 and 21

/ and NRC Regulatory Guides 1.6 and 1.75.

ﬁ?.z.e.hl
831411 Class 1E Electric Equipment
Arrangement

(1) Class 1E electric equipment and wiring is
segregated into separate divisions so that no
single credible event is capable of disabling
enough equipment to hinder reactor shutdown
and removal of decay heat by either of two
unaffected divisional load groups or prevent
isolatior of the containment in the event of an
accident. Scparation requirements are applicd
to control power and motive power for all
systems iovolved. Access to Class 1E equipment
is administratively controlled (see Section
136.3).

(2) Equipment arrangement and/or protective bar-
riers are provided such that no locally ge-
nerated force or missile can destroy any re-
dundant RPS, NSSS, ECCS, or ESF functions.
In addition, arrangement and/or separation
barriers are provided to ensure that such
disturbances do not affect both HPCF and
RCIC systems.

8314
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(3) Routing of wiring/cabling is
climinate, insofar as practical,
fire 4:-::3: to cables and

will not propagate to
and non-Class 1E cables are separated in

accordance with 384 and R.G. 1.75 (see
Figures 9A 4-1 thfpm 9A 4-16).

E3341
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(3) m.‘uﬂew-wd‘vﬁmoﬂm 1E
ac and dc systems are provided with

0?’ 2IA6INAG

(4) An independent raceway system is provided for
cach division of the Class 1E electric system.

The raceways are arranged, physically, top to independent raceway systems.

bottom, as follows (based on the function and

the voltage class of the cables): {4) Cable fire protecticn and detection--For details
of cable fire protection and detection, refer 1o

(2) V4 = Medium voltage power, 6 9kV (8kv Subsections 8.3.3 and 95.1.

msulaiion class). /

(5) Cable and ruceway markings--All cables (except
lighting and nonvit’{ communications) are
tagged at their ler,tnmanons wi‘h a unique
identifying nu-bﬂ Colors used for identi-
fication of cables and raceways are covered in
Subsection 8.3.1.3

(b) V3 = Low voltage power inciuding 480
VAC, 120 VAC, 125 VDC power and
all instrumentation and control
power supply feeders (600V
msulation class).

(¢) V2 = High level signal and control, (6) Spacing of
including 125 VDC and 120 VAC
controls which carry less than 20A of
current and 250 VDC or ac for relay
contactor control,

and components in control
boards, pangls and relay racks--Separation is
accomplished by mounting the redundant
devices of other components on physically
separated control boards if, from a plant
operatiopal point of view, this is feasible. When
(d) Vi = Low level signal and control, operatjponal design dictates that redundant
including fiber-optic cables and equipgent be in close proximity, separation is
metallic cables with analog signals up achigved by a barrier or enclosure to retard

to 55 VDC and digital signal up to 12
VDC.

Power cables (V3) are routed in flexible metallic

conduit under the raised floor of the control
Jyoom. Fovr EMI consicere?iges, pooCr Cnb

In this case, redundant circuits which serve the
same Class 1E function enter the control pancl i

rovied i» metaiiie Covde® sherever ‘g" b4 it A
- ‘ P Lo oot prov w v with lpw teve! (V) 5, through separated apertures and terminate on
(/1’7) AN32 Cable Installation separate and separated terminal blocks. Where

redundant circuits unavoidably terminate on the
same device, barriers are provided between the

A

(2 2 / 1) Cable Dcntll. and cable tray fill--Bas

r ampacity rating of cables is established
described in Subsection 8.3.3.1. Eleanc
of a discrete Class 1E electric system
are installed in a cable tray system
the same division. Cables are i
in accordance with their voltage r
described in Subsection 83141
established in Subsection 83.3.1.

exposed to possible
missiles, respecty
drywell is disc
equipment it
Section 9A.S.

ly. Cable routing in the
d in association with the
rves in the "Special Cases”

Vi

Amendment

device terminations to ensure circuil separation
approved isolators (generally optical) are used.

Electric penetration assembly--The separation
of electric peactration assemblies exceeds the
requirements for cables and raceways given in
Section 6.1.5 of IEEE 384. Separation by
distance (without barriers) is allowed only
within the inerted containment. Here, the
minimum allowable distances of .9 meters (3
feet) and 1.5 meters (S feet) apply, as delineated
in Section 6.1.5 of IEEE 384. However, the
lesser distances allowed by IEEE 384 for
e-cioscd nccvlys does not apply to the

"—f l—( YOl P gt Sesgimf @) e
For the other ends the pcne'it which
are outside the in the non-ineried
arcas, sepa;cf‘ jon by distamce alone is not
allowed. These #scpauled by separate

:5//

g‘u o Ru'ﬂ';llo" ‘Le.rﬁuf % j‘(‘:/f (4(
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rooms, or barriers, or different levels.
Such walls, barriers or floors/are 3-bour
fire-rated.

Such separation criteria applies 1o the following:
j redundant )

2.| Between penetratighs containing non-Class

¥ W 1E and penetratiofis containing Class 1E or

associated Class AE circuits, and
/
3. Between pcqéxnliom containing Class 1E
circuits gnd other divisional or

rn- visi cables.
Redundant (wc:currem interrupting devices are
provided for all electrical circuits (including all

23A6106AG

£3-15.1



ABWR
Standard Plant

instrumentation and control devices, as well as
power circuits) going through containmest
penetrations, if the maximum available fault
current {(including failure of upstream devices) is
greater than the continuous current rating of the
penetration. This avoids penetration damage in
the event of failure of any single overcurrent
device to clear a fault within the penetration or
beyond it. See Subsection 8.3.4.4 for COL
license information.

35.7.@-(-3
uﬂ 3" Control of Compliance with
on Criteria During Design and
Installation

Compliance with the criteria which insures
independence of redundant systems is a supervisory
responsibility during both the design and installation
phases. The responsibility is discharged by:

(1) identifying applicable critenia,

issuing working procedure to impiement these
crileria,

modifying procedures to keep them current and
workable;

) checking the manufacturer’s drawings And
specifications to ensure compliancg/with
procedures; and

controlling instailation and procytement to
assure compliance with approved and issued

dravings and specifications.

The equipment nomenclature

standard design is one of the primary mechanisms
for ensuring proper separatidn. Each equipment
and/or assembly of equippent carries a siugie
number, (e.g., the item nymbers for motor drivers
are the same as the m ry “rivea). Based on
these identification ghmbers, cach item can be
identified as Class 15 or non-Class 1E, and cach
be identified to its safety

. This is carried through and

E equipment is separated where de-
sired 1o eshance power generation reliability,
although such separation is not a safety consid-
cra!ion.//

Amendment

Once the safety-related equipment has been
identified with a Class 1E safety division, the
divisional assignment dictatés a characteristic color
(Subsection 8.3.1.3) for positive visual ideatification.
Likewise, the divisional identification of all ancillary

{ vs match the divisional

/

This subsection/defines independence criteria
applied to Claks 1E clectrical systems and
instrumentatiop and control equipment. Safety-

to which the criteria anoly are those

/ This includes all those systems and
enumerated in Subsections 7.1.1.3, 7.1.1.4,

overéll complex of actuated equipment, actuat’on
deyices (actuators), logic, instrument channels,
ntrols, and interconnecting cables which are
equired 1o perform system safety functions. The
criteria outlines the separation requirements
necessary to achieve independence of safety-related
functions compatible with the redundant and/or

dwcrsceqmpmﬂlfrowded and postulated events.

Separation of the equipment for the systems
referred to in Subsections 7.1.1.3, 7.1.1.4, 7.1.1.5, and
7.1.16 is accomplished so that they are in compliance
with 10CFRS0 Appendix A, General Design Criteria
3,17, 21 and 22, and NRC Regulatory Guides 1.75
(IEEZ 384) and 1.53 (IEEE 379).

Independence of mutually redundant sud/or di-
verse Class 1E equipment, devices, and cables is
achieved by three-hour fire-rated barriers and elec-
trical isolation. This protection is provided to
maintain the independence of nuclear Class 1E |
circuits and equipment so that the prorective
function required during and following a design basis
event including a single fire anywhere in the plant or
a single failure in any circuit or equipment can be
accomplished. The ) cases where it is not
pouibk(cinﬂallsmbarricnhmhwnmdywd
and justificd in Appendix 9AS.
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The methods used to protect redundant safety
systems from results of single failures or eveats are
utilization of safety class structures, three-hour fire-
rated protective barriers, and isolation devices.

4% (.17 ‘
83.1.?2.! Safety Class

The basic desiga consideration of plant layout is
such that redundant circuits and equipment are
located in separate safety class areas (i.e., scparate
fire zones) insofar as possible. The separation of
Class 1E circuits and equipment is such that the
required independence will not be compromised by
the failure of mechanical systems served by the Class
1E clectrical system. For example, Class 1E circuits
are routed or protected so that failure of related
mechanical equipment of one system cannot disable
Class 1E circuits or eguipment essential to the
operation of a redundant system. This scparation of
Class 1E circuits and equipments make cffective use
of features inherent in the plant design such as using
different rooms or floors.

%43 3.6-1.27
£.3.1.4222 Three-Hour Fire Rated Protective

Three-hour fire rated protective barriers shali be
such that no locally generated fire, or missile
resulting from a design basis event (DBE) or from
random failure of Seismic Category I equipment ca
disable a safety-related function. § )
cases where it is not possible to install such barriep
have been analzed and justified in Appendix SA.S

shall equal or exceed the i 384
?-2.'5 €.-1.17%
$3.14223 Cuntrol Room and
Panels
The protection system and ESF/ontrol, logic, and

instrument panels/racks shall by located in & safety
class structure in which thére are no potential
sources of missiles or pige breaks that could

B

ot panels/racks will be

causing failure g
failure of oneAafety circuit from causing failure of

ass (&

power Svpplies T

by 3 beor five bayerievs .

e ————

any safety circuit and to preciude |

i 1 ‘
! disteibvtien Cenlles o7 e 3
ﬁet,o-d
d.stebotion Cenites, T |

r'

ndant safety circuit. Single panels or, "

? "““"ﬁ———-—.— t” . " g
f --Q € err ool e'UlF”?"* 'r-p_ﬂ.u R}*W -
R A

epe rated )

N
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instrument racks will not contain ur‘:m; or devices
of the redundant protection system or ESF systems
except: -

(1) Certain operator interface control panels may
have operational considerations which dictate
that redundant protection system or ESF system
circuits or devices be located in a single pancl.
These circuits and devices are separated
horizontally and vertically by a minimum
distance of 15.24 cm/(6 inches) or by steel
barriers or enclosures, Solid or flexible metalic
conduit is considerrd an acceptable barrier,
providing 2.54 cm (1 inch) separation is
maintained between the outside wall of the
conduit and other wiring not of the same
division. /J
Class 1E c}t/cuiu and devices will also be
scparated ffom the non-Class 1E circuits and
from each/ otker horizontaily and vertically by a
minimum distance of 6 inches or by steel
barrieps or enclosures. Solid or flexible metalic
condgit is considered an acceptable barrier,
providing 2.54 cm (1 inch) separation is
maintained between the outside wall of the
gonduit and other wiring not of the same

/ division.

2

Where electrical interfaces between Class 1E
and non-Class 1E circuits or between Class 1E
circuits of different divisions cannot be avoided,
Class 1E isolation devices are used (Subsection
83.14224). Sold or flexible metalic conduit is
considered an acceptabie barrier, providing 2.54
cm (1 inch) separation is maintained between
the outside wall of the conduit and other wiring
not of the same division.

/
o

If two panels containing circuits of different
separation divisions are less than 3 feet apart,
there shall be & steel barrier between the two
pancls. Panel ends closed by steel end plates
are considered to be acceptable barriers
provided that terminal boards and wireways arc
spaced @ minimum of 2.54 cm {1 inch) from the
end plate.

Penetration of separation barriers within a
subdivided panel is permitted , provided that
such penetrations are sealed or otherwise
treated so that fire generated by an clectrical
fault could not reasonably propagate from one
section to the other and disable & protective

(4)

(5)

8317
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Where electrical interfaces between Class 1E
aed pon-Class 1E circuits or between Class 1E
circuits of different divisions cannot be avoided,
Class 1E isolation aevices will be used. AC isolation
(the FMCRD drives on Division 1 is the orly case) is
provided by interlocked circuit breaker coordination
and an isolation transformer as described in
Subsection 8.3.1.1.1,

Wiring from Class 1E equipment or circuils
which interface with non-Class 1E equipment crcuits
(i.c., annunciators or data loggers) is treated as Class
1E and retain its divisional identification up o and
including its isolation device. The output circuits
from this isolation device are classified as non-

P
L 1.0

Specific divisional assignment of safety-related
systems and equipment is given in Table 8.3-1.
(Note that in Table 8.3-1, diesel generator "A”
corresponds with Class 1E electrical division 1, "B"
with 11", and "C" with "III".) Other separation
requirements pertaining to the RPS and other ESF

sysiems are given in %c Z)llm? subsections.
FRRES GFS
l::?‘.l : Protection p) System
{ )
The following separation requirements apply to
RPS wiring:

{1) RPS semsors, sensor input circuit wiri
channels and trip logic equipmeni

associated with the sensor iput for each
of the four divisions provides i to divisional

logic cabinets which are in thg same divisional
group as the semsors and frip chanacls and
which are functionally independent and
physically separated from the logic cabineus of

{2) Where trip chnn(d{dah originating from
sensors of one division are required for
coincident trip logic circuits in other divisions,
Class 1E isolation devices (i.c., fiber optic
medium) will be used as interface ciements for

signals sent from one division to another such as

Amendment

Q" 23A610AG
REV B
to maintain clectrical :soln}on between

f

(3) Secsor wiring for several Arip variables
associated with the trip chang
may be run together in the sgm

division. Semsor wiring
division will not be ro

e any wirin,
with a redundant diviss

hin the conduits, so that each
s protected against a hot short to
ring by a grounded enclosure. Short

£parate grounded steel conduits will be
provided for the scram solenoid wiring for cach
/ of four scram groups. Separate grounded steel

/ conduits will also be provided for both the A
/’ solenoid wiring circuits and for the B solenond
/ wiring circuits of the same scram group.

' 4
7
J
J

(6) Scram group conduits will have unique ident-
ification and will be separately routed as
Division Il and 111 conduits for the A and B
solenoids of the scram pilot valves, respectively.
This corresponds to the divisional assignment of
their power sources. The conduits containing
the scram solenoid group wiring of any one

scram group will also be physically separated by '
(1

2 minimum separation distance of 2.54 cm

inch) from the conduit of any other scram
group, and from metal enclosed raceways which
contain either divisional or non-Class 1E
{non-divisignal) circuits. The scram group
conduits may not be routed within the confines
gf any other tray or raceway sysiem. The RPS
conduits containing the scram group wiring for
the A and B solenoids of the scram pilot valves
(associated with Divisions 11 and i1,
respectively), shall be separated from
pon-enclosed raceways associated with any of
the four electrical divisions or non-divisionai
cables & '

W9n (3 f1)
horizontal, or 1.5 m (5 ft) vertical, -

wiih aw addfieval bparr'€i,

eted b 2 1 inch) -
sSepar g 2.5 cm (1inck)e o

sociated with one
ed witlynM

§ or cabling associated I

(37
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(7) Any scram group conduil may be routed by the valve operator or jother available
alongside of any cable or raceway containing structurzl barriers nol s ibie to disabling
ecither Class 1E circuits (of any division), or any damage from the pipe ling/break. Additional
cable or raceway containing non-Class 1E mechanical protection (barriers) shall be
circuits, as Jong as the conduit itself is not within interposed as necessary e2n wiring and
the bonndary of any raceway which contains potential sources of disabling mechanical
cither the divisional or the non-Clas 1E circuits damage consequential 1¢ a break downstream of
and is physically separated from said cables and the outboard valve.

raceway boundaries a: stated in (6) above. Any ]

one scram group conduit may also be routed (4) The several systemscomprising the ECCS have
along with scram group conduits of the same their various sensprs, logics, actuating devices
scram group or with conduits of any of the three and power su s assigned to divisions in

other scram groups as long as the mini-aum accordance wish Table 8.3-1 so that no single
scparation distance of 2.5 cm (one inch) is failure can di a redundant ECCS function.
maintained. This 1 a plished by limiting conscquences

1o equipment listed in any onc
(%) The standby liquid control system redundant division #f Table 8.3-1. (Note that in Table
Class 1E controls will be run as Division | and 8.3-1, ditsel generator "A” corresponds with
Division 11 so that no failure of standby liquid Class JE electrical division 1", "B" with "il", and
control (SLC) function will result from a single “C” with “II*.) The wiring to the ADS solenoid
electrical failure in a RPS circuit. vaivés within the drywell shall run in rigid
it. ADS conduit for solenoid A shall be
ionally separated from solenoid B conduit.
picces (less than 6 m {2 f]) of fexible |
conduit may be used in the vicinity of the valve
solenoids.

(9\ The startup range monitoring (SRNM)
subsystem cabling of the NMS cablir= ~nder the
vessel is treated as divisional. . . SRNM
cables will be assigned to Divisicn 1, 11, 111 and
IV. Under the vessel, cables will be enclosed

and separated as defined in Appendix 9A5.5.5. 5) Electrical equipment and raceways for systems

. 3%4£.2.9.7 /" listed in Table 83-1 shall not be located in close
u.l.’(f: Safety-Related Systems / proximity to primary steam piping (stcam
/ leakage zone), or be designed for short term

(1) Separation of redundant systems or portions of/ exposate 1o the high temperature icak.

— p—

a svstem shall be such rhat 0o single failure can o saeir
prevent imtiation and completion of 20 (6) Class 1E electrical equipment located in the Feoder 7l
engineered safeguard function. suppression pool level swell zone is limited 1o/ "7 22
/ suppression pool tenpeu"(m OB goarhmm—— ((,7)

(2) The inboard and outhoard isolation vaives are ﬁeﬂ' terminationssscaled such that

redundant to cach other so they arg made
independent of and protected from egch other
to the extent that no singlc failure prevent
the operation of at least one of inboard/
outhoard pair. 7

(3) lsolation valve circuits require 1l attention
because of their function jn limiting the
consequences of a pipe bptak outside the
primary costainment. | ion valve control

and power circuits are ¢d to be protected
from the pipe lines that are responsible for
isolasi /

/

Class 1E isolation wiring in the vicinity of
the outboard or downstream of the valve)
shall be installed 4n conduits and routed to take
advantage of : mechanical protection afforded

Amendment

operation would not be impaired by sub-
mersion due to pool swell or LOCA. Consistent
with their Class 1E status, these devices are also
qualified to the requirements of IEEE 323 for
the environment in which they are located.

(7) Containment penetrations arc so arranged that

no design basis event can disable cabling in
more than one division. Penetrations do not
contain cables of more than one divisional

assignment.

(8) Annunciator and computer inputs from Class 1E

equipment or circuits are treated as Class 1E

and retain their divisional identification up 1o a

Class 1E isolation device. The output circut

from this isolation device is classified as
Sivisional.
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Annunciator and gomputer inputs from non-
Class 1E equi or circuits do not require

isolation devigrs
8.3.2 DC Power Systems
8£32.1 Description
$32.1.1 General Systems

A DC power system is provided for switchgear
control, control power, instrumentation, critical
motors and emergency lighting in control rooms,
switchgear rooms and fuel handling areas. Four
independent Class 1E 125VDC divisions, three
independent non-Class 1E 125VDC load groups and
one non-Class 1E 250VDC computer and motor
power supply are provded. See Figures 8.3-4 for the

single hines,

Each battery is separatcly housed in a ventilated
room apart from its charger and distribution paneils.
Each battery feeds a de distribution switchgear panel
which in turn fecds local distribution panels and dc
motor control centers. An emergency cye wash is
supplied in cach battery room.

-
A The capacity of each of the four redundant Class
1E battery chargers is based on the largest combined
demands of the various continuous steadv-state
loads, plus charging capacity to restore the battery

i from the design mininW;}c 1o i""e' fﬂly

‘ 2R state zitbi

{ : fe? dless of the status of the plant
! during which these demands occur (see 8.3.4.35).

All chargers are sized to supply the continuous
load demand to their bus while restoring batterics to
a fully charged state.

| 832110 Class 1E 125 VDC System

The 125 VDC system provides a reliable control
. and switching power source for the Class 1E systems.

Each 125 VDC battery is provided with ' “harger,
and & standby charger shared by two div_ _ons, cach
of which is capable of recharging its battery from a
| discharged state to a fully charged state while
| handling the normal, steady-state dc load.

Batteries are sized for the de load in accordance
with IEEE Standard 485.

e s S——,

REV B

The batteries are installed in accordance with
industry recommended practice as defined in IEEE
484 and meet the recommendations of Secvon S of
IEEE 946 (sce 834.32).

D

£232.1.2 Class 1E DC Loads

The 125 VDC Class 1E power is regquired for
cmergency lighting, diesel-generator ficld flashing,
control and switching functions such as the control of
6.9-kV and 480V switchgear, control relays, meters
and indicators, multiplexers, vital ac power supplics,
as well as dc components used in the reactor core

The four divisions that are essential to the safe
shutdown of the reactor are supplied from four
independent Class 1E 125 VDC buses. |

$3.2.1.3 Station Batteries and Bettery
Chargers, General Considerations

The four ESF divisions are supplied from the four |
Class 1E 125 VDC systems (See Figure 8.3-4). Each
of the Class 1E 125 VDC systems has a 125 VDC
battery, a battery charger and a distribution panel.
One standby battery charger can be connected to
either of two divisions and another standby battery
charger can be connected to either of two other
divisions. Kirk key interlocks prevent cross
connection between divisions. The main dc
distribution buses include distribution panels,
drawout-type breakers and molded case circuit
breakers.

ﬂ’ The Class 1E 125 VDC systems supply dc power to

Divisions 1, 11, 11l and IV, respectively, and are
designed as Class 1E equipment in accordance with
IEEE Std 308. They are designed so that no single
failure in any 125 VDC system will result in
conditions that prevent safe shutdown of the plant
with the remaining ac power divisions. The plant |
design and circuit layout from these de systems
provide physical separation of the equipment, cabling
and instrumentation essential to plant safety.

Each division of the system is located in an arca
scparated physically from other divisions. All the
components of Class 1E 125 VDC systems are
housed in Seismic Category | structures.
$3.2.1.3.1 125 VDC Systems Configuration

Figure 8.3-4 shows the overall 125 VDC sysiem

Cﬂ" f, p:
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provided for Class 1E Divisions I, I1, [Il and IV.
One divisional battery charger is used to supply each
divisional dc distribution pancl bus and its associated
battery. The divisional battery charger is normally
fed from its divisional 480V MCC bus, with no
automatic transfer between buses.

Each Class 1E 125 VDC battery is provided with
a charger, and a standby charger shared by two
divisions, cach of which is capable of recharging its

23A6100AG
REV D
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battery from a discharged state to a fully charged
state while handling the normal, steady-state dc load.
Cross connection between two divisions through a
standby charger is wnted 37 at }gut two
interlocked btnkcr% LTt L4 potential
cross-connect path. (See Figure 8.3-4 and
Subsection 83.4.18.)

The maximum cqualizing charge voltage for Class
1E batterics is 140 VDC. The dc system minimum
discharge voltage at the end of the discharge period
1s 1.75 VDC per cell (105 volts for the battery). The
operating voltage range of Class 1E dc loads 1s 100 to
140V,

As a general requirement, the batterics have

2IA6100AG
REV B

There are bus tie breakers between buses. Normal
operation is with bus tie breakers open and
interlocks prevent paralieling batteries. Each load
group’s battery and charger may be removed from
service as a unit for maintenance or testing. A
battery can be recharged by its charger prior to being
placed back into service.

One backup charger is provided and is
connectabie to any of the three buses, one bus at a
time, under control of Kirk key iterlocks to:

(a) Perform extended maintenance on the normal
charger for the load group.

To make a live transfer of a bus to Zupply power

sufficient stored energy to operate connected < 'e= 2 from the bus of another load group without
loads continuously for ai T€ast Two —~  paralleling the two batterics.

bours without recharging. The Division [ battery,

~ which controls the RCI stem, is sufficient for
(;ﬂ) cight bours{o uring station blackout.
During this evenl Scenario, the load reductions on

Divisions I1, 111, and IV alsc extend the times these
barteries are available (See Subsection 19E.2.1.2.2).
Each distribution circuit is capable of transmitting
sufficient energy to start and operate all required
loads in that crcuit.

A load capacity analysis has been performed,
based on IEEE 485-1978, for estimated Class 1E dc
battery loads as of September, 1989. 4

,.,/"—"—"

An initial composite test of onsite ac and dc power
systems is called for as a prerequisite to initial fuel
loading. This test will verify that each battery
capacity is sufficient to satisfy a safety load demand
profile under the conditions of a LOCA and loss of
preferred power.

Thereafter, periodic capacity tests may be con-
ducted in accordance with IEEE Std 450. These
1ests will ensure that the battery has the capacity to
continue to mect safety load demands.

See Subsection 8.3.4.6 for COL license
informations.

$.3.2.132 Non-Class 1E 125V DC Power Supply

A non-class 1E 125VDC power supply, Figure

| 83-4,is provided for non-Class 1E switchgear,

valves, converters, transducers, controls and
instrumentation. The system has three load groups

* with one battery, charger and bus per load group.

. I et
' A {ina] gualysis il be
Amendment pevioree whew specific apTiery

o ;

narameters ar€ Knhwa (sec ?3')‘/‘-);/

The chargers a-e load limiting battery replacement
type chargers capable of operation without a battery
connected to the bus. The backup charger may be
supplied from the ac supply of any one of the three
load groups. It may be used to charge any one
battery at a given time. For example the load Group
B battery may be charged from load Groups A or B
or C ac power via the backup charger.

E. .b bus is connectable to either of the other
two buses via Kirk key interlocked tie breakers. The
Kirk key interlock system allows paralleling of
chargers. Since the chargers are self load limiting,
parallel operation is acceptable. The Kirk key
interlock system prevents parallel operation of
batteries. This is to prevent the possibility of
paralleling batteries which have different terminal
voltages and experiencing @ large circulating current
as a result.

The battery output breaker has an overcurrent trip
and interrupts fault current flow from the battery to
a bus fault. A combination disconnect switch and
fuse is an acceptable alternate for the battery output
breaker. The charger output breaker and the bus
input breaker do not have overcurrent trips as the
charger is load limiting and therefore protects itself.
They are used as disconnect switches only. Bus load
breakers have overcurrent trips coordinated with the
battery output breaker. Tripping current for the load
breakers is supplied by the battery.

See Subsection 8.3.4.6 for COL license informa-
tion.

$32.133 Noa-Class 1E 250V DC Power Supply

832
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A nor-class 1E 250VDC power supply, Figure

8.3-211
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%.3-4, is provided for the computers and the turbioe
turning gear motor. The power supply consists of
one 250VDC battery and two chargers. The normal
charger is fed by 4B0VAC from either the load
Group A or load Group C turbine building load cen-
ters. Selection of the desired AC supply is by a
mechanically interlocked transfer switch. The
standby charger is fed from a load Group A control
building motor control center. Selection of the
normal or the standby charger is controlled by key
interlocked breakers. A 250VDC central distri-
bution board is provided for connection of the loads,
all of which are non-class 1E.

£.3.2.1.3.4 Ventilation

Battery rooms are ventilated to remowe the minor
amounts of gas produced during the charging of
batteries.

8.3.2.1.3.5 Station Blackout

Station blackout performance is discussed in

Subsection 19E.2.1.2.2.pSee Subsection 8.3.4.16 § ed.
COL hicense inlomutio&'//—. f fe r
/ 7 55€5% mewt «{ ' %
[ hw ¢ {155 15 pvnvl/ )

8322 Analysis ',e.,.d
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pppend X 1€ —
$322.1 Genersl DC Power Systems
The 480 VAC power supplies for the divisional
baitery chargers are from the individual Class 1E
~MCC to which the particular 125 VDC system
belongs (Figure 8.3-4). In this way, scparation
hetween the independent systems is maintained and
the AC power provided 1o the chargers can be from
cither preferred or standby AC power sources. The
DC system is so arranged that the probability of an
internal system failure resulting in loss of that de
power system is extremely low. Important system
components are cither seif-alarming ob failure or
capable of clearing faults or being tested during
service 10 detect fauits. Each battery set is located in
its own ventilated battery room. All abnormal
conditions of important system parvmeters such as
charger failure or low bus voltage arc annunciate?
the main control room and/or locally.

| AC and DC switchgear power circuit breakers in
cach division receive control power from the
batteries in the respective load grouips ensuring the
following:

(1) The unlikely loss of one 225 VDC system does
not jeopardize the Class 1E feed supply to the

Amendment

Class 1E buses.

(2) The differential relays in one division and all the
interlocks associated with these relays are from
one 125 VDC system only, thereby eliminating
any cross connections between the redundant
DC systems,

£3.22.2 Regulatory Requirements

The following analyses demonstrate compliance of
the Class 1E Divisions I, 11, TII and IV DC power
systems to NRC General Design Criteria, NRC
Regulatory Guides and other criteria consistent with
the standard review plan. The analyses establish the
ability of the system 1o sustain credible single failures
and retain their capacity to function.

The following list of criteria is addressed in
accordance with Table 8.1-1 which is based on Table
#-1 of the Standard Review Plan (SRP). In general,
the ABWR is designed in accordance with all
criteria. Any exceptions or clarifications are so

General Design Criteria (GDC):
(8) Criteria: GDCs 2, 4, 17, and 18.

(b) Conformance: The dc power system is in
compliance with these GDCs . The
GDCs are generically addressed in
Subsection 3.1.2.

(2) Regulatory Gudes (RGs):

(a) RG16- Independence Between
Redundant Standby (Onsite)
Power Sources and Between
Their Distribution Systems

(b) RG 132 Criteria for Safety-Related
Electric Power Systems for
Naclear Power Plants

Fuses cannot be periodically tested and
are exempt from such requirements per
Section 4.1.7 of IEEE 741

(¢) RG 147- Bypassed and Inoperabie Sta-
tus Indication for Nuclear

Power Plant Safety Systems

8322
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(d) RG163- Electric Penetration
Assemblies in Containment
Structures for Light-
Water-Cooled Nuclear Power

Plants
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The DC emergency standby lighting system

circuits up to the lighting fixtures are Class

1E associated and are routed in seismic

Category I raceways. However, the lighting

fixtures themselves are not seismically /
qualified, but are seismically supported. /

The cables and circuits from the power

source to the lighting fixtures are Class 1E

] associated. The bulbs cannot be seismically

qualified. This is why the circuits are Class

I 1E associated. The bulbs can only fail open

and therefore do not represent a hazard (o

the Class 1E power sources.

l SeSidy rh€ evwer_’o-
g\ ary orne’/\’ssoua(cd circuits added beyond the
certified design must be specifically

identified and jusllflew

. Associated circuits are defined in
Scclion 5.5.1 of JEEE 384-1981, with the
clarification for Items (3) and (4) that
non-Class 1E circuits being in an enclosed
nccway without the required physical
separation or barriers between the enclosed
raceway and the Class 1E or associated
cables makes the circuits (related to the
non-Class 1E cable in the enclosed
raceway) associated circuits.

() RG 1.106- Thermal Overload Protection
for Electric Motors un
Motor-Operated Valves

Safety functions which are required to go to

completion for safety have their thermal

overload protection devices in force during

N normal plant operation but the overloads

/_"__',\ are bypassed under accident conditions per
Regulatory Postion 1.(b) of the guide.

% mesd 1) L1

(g) RG 1118~ Periodic Testing of Electric

Power and Protection
Systems
(h) RG 1.128- lnstallation Designs and In-
stallation of Large Lead Stor-
age Batteries for Nuclear
Power Plants
(i) RG1.129- Maintenance, Testing, and
Replacement of Large Lead
Storage Batteries for Nuclear
Power Plants
(i) RG1.153- Criteria for Power, Instru-
mentation, and Control

': "r‘-q e I((V,‘;

sanf’, e L X e P 18 F&.0Y L ] -
ovwwnc-'r' pm*oc tive dem’re appJa:‘TI bu,
g R s et g A
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Portions of Safety Systems

Fuses cannot be periodicaily tested and
are exempt from such requirements per
Section 4.1.7 of IEEE 741.

(k) RG 1.155 - Station B

(See Append ix 1 C
The Class 1E DC power system is designed in |
accordance with the listed Regulatory Guides.
It is designed with sufficient capacity, inde-
pendence and redundancy tc assure that the
required power support for core cooling,
containment integrity and other vital functions is
maintained in the event of a postulated acadent,
assuming a single failure.

The batteries consist of industrial-type storage
cells, designed for the type of service in which
they are used. Ample capacity is available to
serve the loads connected to the system for the
duration of the time that alternating current is
not available to the battery charger. Each
division of Class 1E equipment is prov.ded with
a scparate and independent 125 VDC system.

The DC power system is designed to permit
inspection and testing of all important arcas and
features, especially those which have . standby
function and whose operation is not normally
demonstrated.

w"——\
(i) RG 1153 Criteria For Power, Instru- i
mentation, and Control Por-

tions of Safety Systems

() RG 1155 Station Blackout

Credit is not taken for the CTG as an
alternate AC source (AAL) so Section
3.3.5 of RG 1.155 is not required to be
met. (The CTG does meet the
requirements of Section 3.3.5, however.)
See Section 19E.2.122 for a discussion of

compliance with RG_1.155.

3 nruaﬂecm:d/mm (BTPs):

BTP ICSB 21 - Guidance for Application of
Regulatory Guide 1.47.

Thedcpmsynemhdesipedmemwith
this criteria.

,’/—%ﬁ ;

(4) Other SRP Criteria:

8323
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According to Table 8-1 of the SRP, there are no compliance in Subsection 9.5.1.0).
criteria applicable to dc power sysiems. 52282
&2 Localization of Fires

/83 Fire Protection of Cable Systems

' g3:¥

The basic concept of fire protection for the cable
system in the ABWR design is that it 1s incorporated
into the design and installation rather (han added
onto the systems. By use of fire resistant and

In the event of a fire, the installation design will
localize the physical effects of the fire by preventing
its spread to adjacent areas or 1o adjacent raceways
of different divisions. Localization of the effect of
fires on the electric system is accomplished by

nonpropagating cables, conservative application in
regerd to ampacity ratings and raccway fill, and by
separation, fire protection is buiit into the system.
Fire suppression sysiems (e.g.; automatic sprinkler
systems) are provided as listed in Table 9.5.1-1.
%.52.%.1
8334 Resistance of Cables to Combustion

separation of redundant cable systems and £.3.3.6
equipment as described in Subsection S Floors

and walls arc effectively used 1o provide vertical and

borizontal fire-resistive separations between e
redundant cable divisions. I Howowtr . ™\

{ rar
r rEweeT "

In any given fire area an attempt is made to insure g2 3.1

4

QQ.

O o 100%

that there is equipment from only one Class 1E 17777 y
The electrical cable insulation is designed to resist division. This design objective is not always met o ( el
the onset of combustion by limiting cable ampacity to to other over-riding des'gn requirements.
levels which prevent overheating and insulation . z

failures (and resultant possibility of fire) and by
choice of insulation and jacket materials which have
flame-resistive and self-extinguishing characteristics.
Polwinyl chloride or neoprene cable insulation s not
used in the ABWR. All cable trays are fabricated
from noncombustible material. Base ampacity rating
of the cables was established as published in
IPCEA-46-426 /1EEE $-135 and IPCEA-54-440/
NEMA WC-51. Each coaxial cable, each single
conductor cable and each conductor in multi-
conductor cable is specified 1o pass the vertical flame
test in accordance with UL-44.

In addition, cach power, control and instru-
mentation cable is specified to pass the vertical tray
flame test in accordance with IEEE 383.

Power and control cables are specified 1o con-
tinue to operate at & conductor temperature not

~ eaceeding 90 C and to withstand an emergency

 overload temperature of up to 13¢°C in accordance

) with IPCEA $-66-524/NEMA WC-7 Appendix D.

o

Each power cable bas stranded conductor and
flame-resistive and radiation-resistant covering.
Conductors are specified to continue to operate at
ive humidity with a service life expectancy
of 60 vears| Also, Class 1E cables are designed and
qualified to survive the LOCA ambient condition at
the end of the 60-yr life span. The cable installation
(i.e.. redundant divisions separated by fire barriers)
is such that direct impingement of fire suppressant
will not prevent safe reactor shutdown, even if failure
of the cable occurs. Cables are specified to be
submersible, however (See the fourth requirement/

Amendment

In addition an analysis is made and
documented in Section 9A.5.5 to ascertain that the
requirement of being able to sa’< 7 st the plant
down with complete burcout of the fire area without
recovery of the equipment is met. The fire detection,
fire suppression and fire containment systems
provided shouid assure that a fire of this magnitude
does not occur, however.

Maximum separation of equipment is provided
through location of redundant equipment in scparate
fire areas. The Class 1E divisional AC unit
substations, motor control centers, and DC
distribution panels are located to provide sepa-
ration and electrical isolation between the divisions.
Clear access to and from the main switchgear rooms
is also provided. Cable chases arc ventilated and
smoke removal capability is provided. Local
instrument panels and racks are scparated by safety
division and located to facilitate required separation
of cabling.

¥.13583
£333 Fire Detection and Protection Systems

All arcas of the plant are covered by a fire
detection and alarm system. Double manual hose
coverage is provided throughout the buildings.
Sprinkler systems are provided as listed on Table
9.5.1-1. The diesel generator rooms and day tank
rooms are protected by foam sprinkler systems. The
foam sprinkler systems zre dry pipe systems with
pre-action valves which are actuated by com-
pensated rate of beat rise and ultraviolet flame
detectors. Individual sprinkler beads are opened by
their thermal links.

83231
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8.3.4 COL License Information

$3.4.1 Interrupting Capacity of Electricsl
Distribution Equipment

The interrupting capacity of the switchgear and
circuit interrupting devices must be shown by the
COL applicant to be compatible with the magnitude
e fault current based on final selection
er impedence, etc. {Sce Subsection

Subsection 8.3.1.1.8.2 (4) reguires the diesel
gencrators be capable of reaching full speed and
voltage within 20 seconds after the signal to start.
The COL applicant will demonstrate the reliability of
the diesc! generator start-up circuitry designed to
accomplish this.

Subsettion &Qﬁé*reqsins certified proof tests
on cables to demongtrate 60-year life, and resis-
tance 1o rediation, (lame and the environment. The
COL applicant will demonstrate the testing
methodology to assure such attributes are acceptable
for the 60-year life.

TesT “a eT C. veea" - i vimefs

%.3.4.4 /Electrical Penetration Assemblies

v ——

requirements for electrical penetration assemblies.
Provide fault current clearing-time curves of the
electrical peactrations’ primary and sccondary
current interrnp{ia()devices plotted against the
thermal capability (I't) curve of the penctration (to
maintain mechanica! integrity). The COL applicant
will provide an analysis showing proper coordination
of these curves. Also, provide a simplificd one-line
diagram showing the location of the protective
devices in the pemetration circuit, and indicate the
maximum available fault current of the crcuit.

The COL applicant will provide specific

* identification and location of power supplies used (o

A\

provide external control power for tripping primary
and backup electrical penctration breakers (f

utilized).

The COL applicant will provide an analysis
demonstrating the thermal capability of all clectrical
conductors within penetrations is perserved and

e

Amendment

[Pevicer

|
!
/

|

\_ supply.

e si———

r—————

protected by one of the following:

(1) The maximum available fault current (including
failure of upsiream devices) is less than the
maximum continuous current capaaty (based on
no damage to the penetration) of the conductor
within the penctration; or

(2) Redundant circuit protection devices are

provided, and are adequately designed and st

to interrupt current, in spite of single failure, at

a value below the maximum continuous current

capacity (based on no damage to the

penetration) of the conductor within the
penctration. Such devices must be located in
separaie panels or be separated by barriers and
must be independent such that failure of one
will not adversely affect the other. Furthermore,
they must not be dependent on the same power

Appropriate plant procedures shall include
periodic testing of protective and/or curr
limiting devices (except fuses ﬁgaé}fm’&éﬁ‘
their functional capability to perform their
required safety functions.

Provide a DC voltage analysis showing battery
terminal voliage and worst case dc load terminal
voltage at cach step of the Class 1E battery loading

profil. (See Subsection 8334 5 , ) | 5 ¢

Provide the manufactuer’'s ampere-hour rating of
the batteries at the two hour rate angd- eight
hour rate, and provide the one mi ampere gt
of the batteries (see Subsection 8.3 .13.:1).

s,

8347 (deleted

8348 (deleted)
$.3.49 Offsite Power Supply Arrangement

The COL applicant operating procedures shall
require one of the three divisional buses of Figure
£.3-1 be fed by the alternate power source during
normal operation; in order to prevent simultancous
deenergization of all divisional buscs on the loss of
only one of the offsitc power supplies. The selection
of that division should be based on the Class 1E bus

loads, the reliability/stability of the offsite circuits, |

83232
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and on the separation of the offsite feeds as they pass
through the divisi areas.

ation will be appropriately
. : when the
reserve auxiliary transformer is inoperable [see

Ww COL information].
su.% 10;{”' Generstor Qualification
Tests

The schedule for qualification testing of the diesel
generators, and the subsequent results of those tests,
must be provided by the COL applicant. The tests
shall be in accordance with IEEE 387 and Regula-

tory Guide 1.9. (S¢S fion 8.3.1.189).
l ¥

83411 (deleted) |

$.3.4.12 Minimum Starting Voltages for
Class 1E Motors

The COL applicant will provide the minimum
required starting voltages for Class 1E motors. A
comparision will be made of these minimum requir-
ed voltages to the voltages that wall be supplied at the
motor terminals during the starting transient when
operating on offsite pewer and when operating on
the diesel generators. \(Sec Subsection

83.1.1.5801). (Deleted)

8341 ¢ on of

Circuits

Prior l,mc implementation stage of the design,
the only "associated circuits” (as defined by IEEE
384) known to exist in the ABWR Standard Plant
design are for the FMCRD drive power feed taken

\
|
|
f

|

from the Division I 6 9Kv safety-related bus (sce |

Subsection 8.3.1.1.1) and the emergency lighting

circuits (see Section 9.5.3). In the implementation |

design, the COL applicant will provide 1) assurance
that this is still a true statement, or 2) specifically

|

.dentifiy and justify any other such circuits in the |

ABWR SSAR: and show they meet the requircments |

of Regulatory Guide 1.75, position C.4. (Scy"

e

>

%.1.4.14 Administrative Controls for Bus
Grounding Circuit Breakers

Figure 8.3-1 shows bus grounding circut breakers,
which are intended to provide safety grounds during
maintenance operations. Administrative controls

Amendment

83418 Testing of Thermal Overioad Bypass
/c-ﬂd;mgvff:ﬁo "
ey £24.24

IASINAG
REV B

shall be provided by the COL applicant to keep these
circuit breakers racked out (i.e., in the disconnect
position) whenever corresponding buses are
energized. Furthermore, annunciation shall be
provided to alarm in the control room whenever the
breakers are racked in for service. (See Subsection
83.1.162).

Thermal overland protection for Class 1E MOVs is
bypassed osly during LOCA events. A mcans for
testing the bypass function shall be implemented by
the COL applicant, in accordance with the
requirements of Regulatory Guide 1.106. {See

Subsection

$.3.4.16 Emergency Operating Procedures for
Station Blackout

COL applicants will provide instructions in their
plant Emergency Operaiing Procedures for operator
actions during a postulated station blackout event.
Specifically, if Division 1 instrumentation is
functioning properly, the redundant Divisions 11, 111,
and 1V should be shut down in order to 1) reduce
heat dissipation in the control room while HVAC is
lost, and 2) conserve battery energy for additional
SRV capacity, or other specific functions, as needed,
throughout the event. (See Subsection 8.3.2.1.3.5).

£.2.4.17 Common Industrial Standards
Referenced in Purchase Specifications

In addition to the regulatory codes ard standards
required for licensing, purchase ifications shall
contain a list of common industgad standards, as
appropriate, for the assurasce of gquality
manufacturing of both Class 1E and non-Class 1E
equipment. Such standards would include ANSI,
ASTM, IEEE, NE! A, UL, etc. (See Subscction
83.9).

£.1.4.18 Administrative Controls for Switching 125
VDC Standby Charger

Administrative controls shall be provided to
assure all input and output circuit breakers are
normally open when standby battery chargers are not
in use (See Figure 8.3-4, Note 1). Administrative
controls shall also be provided to assure at least two
circuit breakers (in series) are open between

redundant divisions when placing the standby |

83-233
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charger into service. This includes controls for the

keys associated with the switching interlocks. The

only exception is an emergency condition reguii
one division’s loads be assumed by a rcdm
division by manual connection via the standby
charger interface.

£.3.4.19 Control of Access to Class 1E Power
Equipment

Administrative control of access to Class 1E
power equipment arcas and/or distribution pancls
shall be provided (see Section 13.6.3).

8.1.220 Periodic Testing of Voitage Protection
Equipment

Appropriate plant procedures shall include
periodic testing of instruments, timers, and other
electrical equipment designed to protect the
distribution svstem from: 1) loss of offsite voltage,
and 2) degradation of offsite voltage. These
protection features are described in Subsection
£3.1.1.7.

um - (3
. -
¢rcy A i >

_ : PC € U
S¥veey o0 evert o3 & LOtAOr LFF shell aiso bm *

23A6100AG
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periodic testing of thermal overloads and associated
» . -
m#arc?w&mq,ngﬁ‘h}gv T TP

e Bnr® Lwithe TW
v eay iremeris oo Hatey J.»H.-
83425 Periodic Inspection of i

Systems \

Appropriate plant procedures shall include
periodic inspections of all lighting systems installed
in safety-related arcas, and in passageways lcading to
and from these arcas. In addition, lighting systems
installed in such areas which are normally
de-encrgized (e.g., guide lamps) shall be periodically
tested.

£3.4.26 Controls for Limiting Potential Hazards
into Cable Chases

Appropriate plant procedures shail provide
administrative control of operations and
maintenance activities to control and limit
introduction of potent:1l hazards into cable chases
and the control room area.

83.427 Periodic Testing of Class 1E Equipment
Protective Relaying

e

1o e'w'-;-'-’ “f

eriec . Appropriate plant procedures shall include

The technical specifications require periodic
testing of the diesel generator loading capabilities by
operating the diesel generators in paralicl with the
offsite power source. { Appropriate procedures
require that the duration of the connection between
the preferred power supply and the standby power
supply shall be minimized in accordance with Scction
6.1.3 of IEEE 308.

£1.422 Periodic Testing of Diesel Generator
Protective Relaying

Appropriate plant procedures shall include
periodic testing of all diesel generator protective

relaying, bypass circuitry and annunciation.

§.1.423 Periodic Testing of Diesel Generator
Synchronizing Interiocks

Appropriate plant procedures shall include
periodic testing of diesel generator synchronizing
interiocks (see 83.1.16.4).

£.2.424 Periodic Testing of Thermai Overloads and
Bypass Circuitry

Appropriate plant procedures shall include

Amendment

| periodic testing of all protective relaying and/or
| thermal overloads associated with Class 1E motors

and switchgear.

$3.428 Periodic Testing of CVCF Power Supplies
and EPA's

Appropriate plant procedures shall include
periodic testing of the CVCF power supplics and
associated clectrical protection assemblies (EPA’s)
which provide power to the Reactor Protection
System.

8.3.4.29 Periodic Testing of Class 1E Clrcuit
Breakers

Appropriate plant procedures shall include
periodic calibration and functional testing of the fault
interrupt capability of all Class 1E breakers, fauit
interrupt coordination between the supply and load
breakers for each Class 1E load and the Division |
non-Class 1E load, and the zone selective interlock
feature of the breaker for the non-Class 1E load.

A=10 - P
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$3.430 Periodic Testing of Electrical Systems &
Equipment

Appropnne plant procedures shall include
| peniodic tcslmg of all Class 1E electrical systems and
| cqmpmcm in accordancc witt Section 7 of IEEE

‘ Wa,faf‘

IH‘JIA mmmumsmwmu

|
|
} / A complete load analysis shali be performed for
| /the Power Distribution System to demonstrate
proper sizing of power source and distribution
equipment. Such analysis shall provide the basis for
the degraded voltage protective relay timer settings
[see 8.3.1.1.7 (8)] and other protective relay scttings

8£3.432 Class 1E Battery Installation and
Maintenance Reguirements

The installation, maintenance, testing, and
replacement of the Class 1E station batteries shall
meel the requirements of TEEE 484 and Section 5 of
| IEEE 946.

Appropriate plant procedurcs shall include
| periodic testing of Class 1E batteriesito assure they
have sufficient capacity and capability to supply
power 1o their connected loads.

$.3.434 Periodic Testing of Class 1E CVCF Power

1 Supplies

! Appropriate piant procedures shall include
periodic testing of Class 1E constant voltage constant
frequency (CVCF) power supplies to assure they
have sufficient capacity to supply power to their
connected loads (see 83.1.1.4.2.1).

£3.435 Periodic Testing of Class 1E Battery
Chargers

Appropriate plant procedures shall include
periodic testing of Class 1E battery chargers (0
assure they have sufficient capacity to supply power
to their connected loads (see 8.3.2.1.1). Such
periodic tests shall be in conformance with Section
7.5.1 of IEEE 308 (i.c., IEEE 138).

83.436 Periodic Testing of Class 1E Diesel
(senerstors

Amendment

2346100AG
REV B
Appropriate plant ptoccdures-ﬁ‘n&
/W shall include periodig testing and/or
analysis of Class 1E diesel gencrators 1o demonstrate (77 coL)
their capability (o supply the actyal full desior oagis .
load current for cach sequegced load step (sec
831182 A ,__,/L‘)
8.1.5 References
In addition to those codes and standards
required by the SRP the following codes and
standards will be used and have been referenced in
the text of this chapter of the SSAR. {}“ ,,"+ r
IEEEStd323 Qualifying Class 1E
Equipment for Nuclear Power
Generating Stations
IEEES1d334  Type Test of Continuous
Duty Class 1E Motors for
Nuclear Power Generating
Stations
IEEE Std 379  Applications of the Single-
Failure Criterion to Nuclear
Power Generating Stations
g Class 1E Systems
IEEE Std 382  Qualification of Actuators for
Power Operated Valve
Assemblies with Safety-
Related Functions for
Nuclear Power Plants.
IEEEStd 383 Type Test of Class 1E
Electrical Cables, Field
~Splices, and Connections Q))
)/cle:t Power Genermng/
IEEE Std387  Standard Criteria for Diesel-
Generator Units Applied as
Standby Power Supplies for
Nuclear Power Generating
Stations )
C 3 iz d ¢

Recommended Practice for
Large Lead Storage Batteries
for Generating Stations and
Substations

[EEE Std 450

B3-235
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IEEE Std 484

IEEE Sid 485

IEEE Std 519

IEEE Std 741

IEEE Std 946

T ———

Recommended Practice for
Installation Design and
Installation of Large Lead
Storage Batteries for
Generating Stations and
Substations.

Recommended Practice for
Sizing Large Lead Storage
Batteries for Generating
Stations and Substations

Guide for Harmonic Control
and Reactive Compensation
of Static Power Converters

Standard Criteria for the
Protection of Class 1E Power
Systems and Equipment in
Nuclear Power Generating
Stations.

Recommended Practice for
the Design of Safety-Related
DC Auxiliary Power Systems
for Nuclear Power
Generating Stations

(" IPCEA-46-426/

Power Cabie Ampacmﬁ
-

IPCEA $-66-402 Thermoplastic Insulated Wire

/‘ IEEE §-135
e —

",

™~

)

& Cable for the Transmission
and Distribution of Electrical
Energy

IPCEA-54-440/ Ampacities Cables in Open-

NEMA WC-51

top Cable Trays

IPCEA $-66-524/ Cross-Linked-Thermosel-

NEMA WC-7

SECY-89-013

ting Polyethlene Insulated
Wire and Cable for the
Transmission and Distri-
bution of Electrical Energy

Stello, Victor, Jr., Design Re-
quirements Related To The
Evolutionary Advanced Light
Water Reactors (ALWRS),
Policy Issue, SECY-89-013,
The Commissioners, Uni- ted
State Nuclear Regula- tory
Commission, January 19,
1989,

23A6100AG
REV B

Topical Report NEDC-3133 "General Electric
Instrument Setpoint Methodology”

UL-44 UL Standard for Safety
Rubber-Insulated Wires and

Cabies

A partial listing of other common industry
standards which may be used as applicable 1s given
below. There are many more standards referenced
in the standards which are listed below:

Motor Control Centers

NEMA ICS-2 Standards for Industrial

Control Devices, Con- trollers
and Assemblies

Underwriter's Laboratories Standard No. 845

Low Voltage Circuit Breakers
ANSI C37.13 Low Voltage Power Circuit
Breakers
ANSI C37.16 Preferred Ratings and
Related Reguirements for
Low Voltage AC Power
Circuit Breakers and AC
Power Service Protectors
ANSI C37.17 trip Devices for AC and
Genersl-Purpose DC Low-
Voltage Power Circuit
Breakers
ANSI C37.50 Test Procedures for Low
Voltage AC Power Circuit
Breakers Used in Enclosures
Molded Case Circuit Breakers
UL 489 Branch Circuit and Service
Circuit Breakers
NEMA AB-1 Molded Case Circuit
Breakers
7.2Kv-rated metalclad Switchgear
ANSI C37.01 Apphication Guide for Power

Circuit Breakers

83-23.6
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ANSI C37.04

ANSI C37.06

ANSI C37.09

ANSI C37.11

ANSI C37.20

ANSI C37.100

ANSI C37.20

ANSI C37.100
Transformers

ANSI C57.12

ANSI C57.12.11

ANSI C57.12.80

ANSI C57.129%

AC Power Circuit Breaker
Rating Structure

Preferred Ratings of Power
Circuit Breakers

Test Procedure for Power
Circuit Breakers

Power Circuit Breaker
Control Requirements

Switchgear Assemblies and
Metal-Endlosed Bus

Definitions for Power
Switchgear

Switchgear Assemblies and
Metal-Encloscd Bus

Definitions for Power

Swatchgear

General Requirements for
Distribution, Power, and

Regulating Transformers

Guide for Iastallation of
Oil-immersed Transformers
(10MVA and Larger, 69-287
kV rating)

Terminology for Power and
Distribution Transformers

Test Code for Distribution,
Power, and Regulating
Transformers

See Subsection 8.3.4.17 for COL license
information pertaining to common industrial

standards referenced in purchase specifications.

23A6100AG
-REV B
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TABLE 8.3-1
D/G LOAD TABLE -LOCA + LOPP

StandardPlant
SYS. LOAD RATING
NO. DESCRIPTION (kW)
- MOTOR ope VALVES 2313
C12  FMCRD 21001
(@ 0.25pf) (840 KVA)
C41  SLC PUMP 4502
E1l  RHR PUMP 540x3
Fill Pump* 373
E22  HPCF PUMP 14002
P21 RCW PUMP 370w4
2802
P25  HECW PUMP x5
HECW REFRIGERATOR 1355
P4l RSW PUMP** /xm &
R23  P/C TRANSF. LOSS ( @37 ‘
R42 DCI2SVCHGRdiv.1'  70xi
div. 10, 0L, IV 13
125V DC stby charger

* See Table 8.3-3 for Notes
** Pan of Turbine Island

23A6100AGC

GENERATOR CONNECTED LOADS (kW)

NOTE®
A B c
X X X @
X o - @
X X - (s)
X 3 ad~
. 1400 1400
740 740 -
* - 560
2 a“ “
136 270 220
540 540 540
842 842 842
20 e LN
- g w (11
7 - u

oM

8324
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SYS.

Rao

RrR47

RS2

T49

U4l

TABLE 8.3-1

D/G LOAD TABLE -LOCA + LOPP (Continued)

CONNECTE D | OALS
GENERATOR

LOAD RATING

DESCRIPTION (kW)
VITAL CVCF
(Div. 1,2,3) 203
(Div. 4) 20
TRANSF. C/R INST 20x6
LIGHTING 100x3
SGTS FAN 1R 5x2
SGTS HEATER 10x6
FCS HEATER 132
FCS BLOWER 12x2

MCR HVAC FANS B-C 74.5X4
MCR RECIRC FANS B-C  14X4
C/B ELEC EQUIP AREA
HVAC FANS A-C 14X6
R/B DG/ELEC EQUIP AREA
HVAC FANS A-C B4X6
R/B DG ROOM EMERGENCY
SUPPLY FANS A-C 46.5X6
R/B EQUIP AREA ROOM
COOLERS A-C

OTHER LOADS
TOTAL CONNECTED LOADS

TOTAL STANDBY LOADS AND
SHORT TIME LOADS

TOTAL OPERATING LOADS

* See Table 8.3-3 for Notes

A

100

185

-

168

3339

678.7*

2661.2

& BE!

168

107

499

566.2"°

4405.7

23A6100A0
REV_B
(kW)
NOTE®
c
2
@
100
‘3?‘0,@
149 (13)
28 (13)
28 (13)
168 (13)
9 (13)
4 (13)
60.5
46534
509.7°

41437

8325
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(1

(3)

(4)

TABLE 8.3-3
NOTES FOR TABLES 8.3-1 AND 8.3-2

.. shows that the load is not connected to the switchgear of this division.
X: shows that the load is not counted for D/G continuous output claculation by the
reasons shown on other notes.

“Motor operated valves® are operated only 30-60 seconds. Thercfore they are not cornted
for the DG continuous output calculation.

Deleted

FMCRD operating time (about 2 mioutes) is not counted for the DG continuous output
calculation.

(5) Sufficient boron concentration is achieved in about 40 minutes. Since the diesels can
operate at least 2 hours at 110% rated load, the SLC pumps are not counted for the DG
continous output calculation.

(6) Deleted

(7) Deleted

(8) Deleted

(9) Deleted

(10) Deleted

(11) Div. IV battery charger is fed from Div. Il motor control center.

(12) Load description acronyms are interpeted as follws:

C/B - Control Building HX - Heat Exchanger

COMP - Computer IA - Instrument Air

CRD - Control Rod Drive MCR - Main Control Room

CUW - Clean Up Water MUWC - Make Up Water Syste 1 (condensed)

CVCF - Constant Voltage Constant Frequency NPSS - Nuclear Protection Safi ty System

DG - Diesel Generator R/B - Reactor Building

FCS - Flammability Control System RCW - Reactor Cooling Water (buu ling)

FMCRD - Fine Motion Cotrol Rod Drive RSW - Reactor Service Water

HECW - Emergency Cooling Water SBGT - Standby Gas Treatment

(13) Redundant units, one ueit of a division operates and one umit is in standby in case the

Amencmen

operating unit shuts down. Total connected load is shown on the table, but operating
ioads are half these amounts.

t £328
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Note*

LELE B
o S0y

il

ighting

Tighing

m o Tr
Lighting

MOV
fam Ty

1 ey
FMCRD

MOV
HPCF Pumg

Ll fow. Ty
fagheing

MOV
HPCF Punp
m fowt Ty
Vighting

FMCRDS are the only Mos Cless 15 oads on the T buses

LN 2
(L L

DG WVAC

DG HVAC

DG HVAC

RHR Pump

DO HVALT

RHR Pumg
PG RVAC

RHR Pomp
DG HVAC

Table 8.3-4

D/G LOAD SEQUENCE DIAGRAM
MAJOR LOADS
(Response to Questions 435.14 & 435.15)

LITLS ) BLOCK 4 BLOCK § BLOCK & LIEL S LIELS 4 )
(3 SR - smc Ll . S0 8% SBCY e SNy
Awe
ROCW Pump BOW Pumgp REW Pump REW Pump SGTS Chargery
HECW Pomp R/B Emer HVAC CVCTe
/B Bmer. HVAC
ROW Pump RCW Pamp REW Pump REW Pumy SGTS  Sargery
MECW Pamp MOR HVAC B/B Bmer HVAC CVCE

/8 Emer HVAL

ROW Pung ROW Pusp HEW Pump REW Pump Chmrgers
HECW Pamyp MR HVAC B8 Bamer WVAC V¥
C/8 Emer WVAC

ROW Pusy ROW Pump REW Puny HEW Pump SO  hargers
HIKW Pung /B Bmer MVAC OV
/8 Bmer HVAL

ROCW Pump RCW Pump REW Pump RSW Puenyp SGTS Chnegers

HEW Pume MOR HVAL R/B Bmer HVAC CVCEs
C/B Emer HVAL

ROW Pang BOW Pamy REW Pumg REW Pumyp Charger

HUECW Pump MOR HVAC R/B Emer HVAC CVCF
C/8 Emer HVAL

BOCK S
APTEK 65 SBEC
Rpe—
SLC Pumgp BHE Puep
HECW Refrg l
SLLC Pumg RHR Pumg
HECW Refrg I
WECW BHR Pump
Retrg
S Pump s
HECW retrg |
SLE Pump Fs
ks l
HECW Retrg

OVIGIIVEL
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TABLE 8.3.5

DIESEL GENERATOR ALARMS*

Anpunciation

E

Engine Overspeed Trip

Generator Differential Relay Trip
Generator Ground Overcurrent
Generator Voltage Restraint Overcurrent
Generator Bus Underfrequency
Generator Reverse Power

Generator Loss of Field

Generator Bus Differential Relay Trip
High-High Jacket Water Temperature
D/G Bearing High Temperature
Low-Low Lube Oil Temperature

D/G Bearings High Vibration
High-High Lube Oil Temperature
Low-Low Lube Oil Pressure

High Crankcase Pressure

Low-Low Jackei Water Pressure

Low Level - Jacket Water

Low Pressure -- Jacket Water

Low Temperature -- Jacket Water In
High Temperature - Jacket Water Out
Low Level - Lube Oil Mark

Low Temperature -- Lube Oil In

High Temperature -- Lube Oil Out
High Diff. Pressure - Lube Oil Filter

Low Pressure - Turbo Oil Right /Left Bank

Control Circuit Fuse Failure
Diesel Generator Overvoltage
Low Pressure -~ Starting Air

In Maintenance Mode

D /G Unit Fails to Start
Generator Phase Overcurrent
Out of Service
Lockout Relay Operated
Low-High Level -- Fuel Day Tank
Low Level - Fuel Storage Tank
Low Pressure — Fuel Oil

High Diff. Pressure - Fuel Filter
in Local control Only

R e
> P
FE A R

HEAAAAAA HA
PR I R B I
S

P X

83291



ABWR

DN SYSTEM SLD (Sheet 1 of 3)

W R T
. WV S T
0 AT EROREE L R
A ST L R K




R Pt Ao
!i!b-“‘”-‘ LR e

e

m 3 L e

WOO IS Ava

]
|
|
]

L Tk o s

}

rt

ot 2 UL

i
ik

)

§-3-(

(Shee?t 3 of 3

FIJU"C

SN VR S ————

S A R S VS ——

480V € POWER DISTRIBUTION




l-". 4 - S -y - -
E‘:‘—‘ i A 22
g | A 2
§ y—— Ll | 3
o5 B T T -
il i'ir-‘;;"—', l§§ W L\ | | @i' E o it
!-. “ ik - : agn g,! 5 é
l B | !-!Iﬂ' ; G i
SE 1 :!E‘%;lig‘—;m‘ P - i'-.
7 i | ey igil,ﬁ g.'i
y - i o |
~ " | | {r—{dis giggi
| ype— | @: i fad= md
10 S P | R
N g ad t :—@r;
| il
i

2 == 9

Aﬁ_‘k_4< SRS N
€188 N WiTar AC PO R WP™ ¢




h
(¢ 49 1 }29135) L .k.t\xv
} Y .vf.@..\ . :

.- - -
o —
. 3 l!.‘\o...o. e g
iR == B s Bl U = == B P
4
- e g el M o5 a®
= = = o = = o
o1 o ——— .
1 --u&w P e ﬁ & - - e a
wyuvﬂm, '\‘!\'s W R eSS e !4”'
o -
Zi 4 mh.\.l‘ﬂ.e , v
rﬁ.ﬂ“ you poepaeg 0 | _ 1 T I



——— ————

ABWR

8A MISCELLANEOUS ELECTRICAL
SYSTEMS

8A.1 Station Grounding and Surge
Protection

8A.1.1 Description

The ciectrical grounding system is comprised of:
(1) an instrument grounding network,

(2) an equipment grounding network for grounding
electrical equipment (c.g. switchgear, motors,
distribution panels, cables, etc.) and selected
mechanical components (e.g. fuel tanks,
chemical tanks, etc.),

(3) aplant grounding grid, and

(4) a lightning protection network for protection of
structures, transformers and equipment located
outside buildings.

The plant instrumentation is grounded through

a separate insulated radial grounding system
comprised of buses and insulated cables. The
instrumentation grounding systems are connected to
the station grounding grid at only one point and are
insulated from all other grounding circuits. Scparate
instrumentation grounding systems are provided for
plant analog (i.¢. relays, solencids, etc.) and digital
instrumentation systems.

The equipment grounding network is such that
all major equipment, structures and tanks are
grounded with two diagonally opposite ground
connections. The ground bus of all switchgear
assemblies, motor control centers and control
cabinets are connected to the station ground grid
through at least two parallel paths. "Bare copper
risers are furnished for all underground electrical
ducts and cquipment, and for connections to the
grounding systems within buildings. Onc bare
copper cable is installed with cach underground
electrical duct run, and all metallic hardware in cach
manhole is connected to the cable.

A plant grounding grid consisting of bare copper
cables is provided 1o limit step and touch potentials
10 safe values under all fault conditions. The buried
grid is located at the switchyard and connected 10
systems within the buildings by a 500 MCM bare

23A6100AG
REV B

copper loop which encircles all buildings (Sec Figure
8A.1-1)

Each building is equipped with grounding
systems connected to the station grounding grid. As
a minimum, every other steel column of the building
perimeter will connect directly to the grounding gnid.

The plant’s main generator is grounded with a
neutral grounding device. The impedance of that
device will limit the maximum phase current under
short-circuit conditions to a value not greater than
that for a three-phase fault at its terminals,
Provisions are included to ensure proper grounding
of the isophase buses when the generator 1s
disconnected.

The onsite, medium-voltage ac distribution
system is resistance grounded at the neutral point of
the low-voltage windings of the unit auxiliary and
reserve transformers.

The neutral point of the generator windings of
the onsite, standby power supply units (ic., the diesel
generators and the combustion turbine generator), is
through distribution-type transformers and loading
resistors, sized for continuous operation in the event
of a ground fault.

The neutral point of the low-voltage ac
distribution systems arc cither solidly or impedance
grounded, as necessary, i0 ensure proper
coordination of ground fault protection. The dc

systems are ungrounded.

The target value of ground resistance is 0.05
ohms or less for the reactor, turbine, control, service
and radwaste buildings. 1f the target grounding
resistance is not achieved by the ground grid,
auxiliary ground grids, shallow buried ground rods or
deep buried ground rods will be used in combmation
as necessary to meet the target ground resistance
value.

The lightning protection system covers all major
plant structures and is designed to prevent direct
lightning strikes to the buildings, clectric power
equipment and instruments. It consists of air
terminals, bare downcomers and buried grounding
electrodes which are separate from the normal
grounding system. Lightning arresters are provided
for cach phase of all tic lincs connecting the plant
clectrical systems to the switchyard and offsite linc
These arresters are connected to the high-voltage |
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terminals of the main step-up and reserve 1. 75
formers. Plant instrumentation located outdoors or

connected 1o cabling running outdooers 1s provided
with surge suppression devices 1o protect the

equipment from lightning induced surges.

BAL2

i5
No SRP or regulatory gu for the
grounding and lightaing pr cuoa stem. It is
designed and required to stalled to the
applicable sections of the following codes and

standards.

(1) TEEE Std 80, Guide for Safety in AC Substation
Grounding

(2) 1EEE Std 81, Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth
Surface Potentials of a Ground System

(3) 1EEE Std 665, Guide for Generation Station
Grounding

(4) NFPA-78, National Fire Protection
Asscciation’s Lightning Protection Code

This code is utilized as recommended practices
iy, 1t does not apply to electrical gencrating

;l,nnu

( ) Energy Property Insurance Association
__ EPIA) docunent titled: *Basic Fire
" Protection for Nuclear Power Plants”

£A.13 COL License luformation

It is the responsibility of the COL applicant to
perform ground resistance measurements 10
determine that the required value of 0.05 ohms or
less has been met and to make additions to the
system if necessary to meet the target resistance.

£A1.4 References

(1) IEEE Std 80, Guide for Safety in AC Substation
Grounding

(2) 1EEE Std 81, Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth
Surface Potentials of a Ground System

23A6100AG
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(3) IEEE Std 665, Guide for Generation Station
Grounding

(4) NFPA-78, National Fire Protection Association’s
Lightning Protection Code
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8A.3 Electric Heat Tracing

£A2.1 Description

The electric heat tracing system provides freeze
protection where required for outdoor service
components and fluid warming of process fluids if
required, either in or out doors. If the operation of
the heat tracing is required for proper operation of a
safety-related system, the heat tracing for the

safety-related system is required 1o be 1Eguisa.
backed

Power for heat tracing is supplicd from

by the onsite standby generators. No 1E
heat tracing has access to the combustion turbine
generator through the same load group as the
components protected. Class 1E heat tracing is
assigned to the appropriate division for a source of
Class 1E power.

$A32 Analysis
vidawce prowdeJ

There are no SRP or regulato
for cathodic protection systems. They are required
to be designed and installed to the applicable
sections of the following codes and standards.

(1) 1EEE Std 622, Recommended Practice for the
Design and Installation of Electric Heat Tracing
Systems in Nuclear Power Generating Stations

(2) 1EEE Sid 622A, Recommended Practice for the
Design and Instaliation of Electric Pipe Heating
Control and Alarm Systems in Nuclear Power
Generating Stations

$A.33 COL License Information
No COL applicant information is required.
$A.3.4 References

The following codes and standards have been
referenced in this section of the SSAR.

(1) IEEE Std 622, Recommended Practice for the
Design and Installation of Electric Heal Tracing
Systems in Nuclear Power Generating Stations

(2) TEEE Std 622A, Recommended Practice for the
Design and Installation of Electric Pipe Heating
Control and Alarm Systems in Nuclear Power
Generating Stations

23A6100AG
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953 and Servicing Power
Supply

The plant lighting is comprised of four
independent lighting systems. Thev are the
normal lighting system, the standby lighting
system, the emergency lighting system, and the
guide lamp lighting system. The normal lighting
system is non-Class 1£. The other three lighting

sysiems are ?priud of Class 1E (guide lamps

only), Class ;ssodalcd. and non-Class 1E
£

subsystems. z

All lighting systems are designed to provide
intensitics consistent with the lighting needs of
the areas in which they are located, and with
their intended purpose. The lighting design
considers the effects of glare and shadows on
control panels, video display devices, and other
cquipment, and the mirror effects or glass and
pools. Lighting and other equipment maintenance,
in addition to the safety of personnel, plant
equipment, and plant operation i considered in
the design. Arcas containing flammable materials
{e.g. battery rooms, fuel tanks) have cxplosion
proof lighting systems. Areas subject to high
moisture have water proof installations (e.g.
drywell, washdown arcas). Plant AC lighting
systems are generally of the fluorescent type,
with mercury lamps provided for high ceiling and
yard lighting, except where breakage could
introduce mercury into the reactor coolant
system. Incandescent lamps are used for DC
lighting systems and above the reactor, fuel
pools, and other areas where lamp breakage could
introduce mercury into the reactor coolant.

Lighting systems and their distribplion panels
and cables are identific g to their
ssentiality and type. Class 1E
‘g;}cincd lighting sys ocated in
smic Category 1 structures, and are

¢lectrically independent and physically separated

in accordance with assigned divisions. Cables
are routed in their respective divisional
racewsys. Norma! lighting is separated from
standby lighting. DC lighting cables are not
routed with any other cables and are
distinguished by "DCL" markings superimposed on
the color ma kings at the same intervals.

Plant service buses supply power and heavy duty
service outlets to equipment not generally used
during normal plant power operation (¢.g. turbine

Amendment
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building and refueling floor cranes, welding
equipment). Service outlets have grounded
connections and the outlets in wet or moist
areas are supplied from breakers with ground
current detection.

9531 Design Bases
95211 Generel Design Bases

The general desige bases for the Nuclear Is-
land portion of the lighting systems are as foi-
lows:

{1) The lighting guidelines shall be based on
llluminatiog Engineering Society (IES) rec-
ommended intensities. These shall be in-
service values as shown on Table 9.5-1 Hle-
mination Levels. Reflected glare will be
minimized.

(2) Control room lighting is designed with re-
spect to reduction of glare and shadows on
the control boards.

(3) Lighting systems and components are in con-
formity with the clectrical standards of

NFPA and OSHA as applicabie for safety.s
persoirnel, plant and equipment. §

(4) Each of th* normal, standby or emergeacy
lighting svs ems has the following arrange-
ment criteri. -

(a) Areas without doors and hatches (where
access is impossible) have no lighting.

{b) Normal (non-essential) lighting shall
have on/off switches if the rooms are
also used as passage (e.g. patrol
routes).

(c) For high radiation areas, the on/off
switches shall be arranged to
facilitate maintenance and to obtain
maximum service life from the lamps.

(d) The switches shall be located at the en-
trance to the rooms, or the side of the

passage.

{¢) Normal lighting power for the small
rooms with on/off switches shall be
supplicd from one power bus.

953
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(H

®)

(b)

(i)

@

(k)

M

Note: A small room means a room with
three or less lighting fixtures, except
for instrument rack rooms and clectn-
cal panel rooms.

DC emergency lighting and Class 1E
Associated lighting have no switch on
their power supply lines.

Standby lighting shall have no switch on
power supply lines, as a ruie. However,
lighting for conference rooms etc., will
have on/off switches.

Power of inner panel lighting and out-
lets ae supplicd from one power bus.

Each part of the 120V, 240V and 120/
240V buses in lighting distribution
pancls shall bave two or three spare
circuits.

Installation of fixtures on a high ceil-
ing shall be avoided as far as possible
10 minimize lamp replacement work.

The fixtures shall be located with due
consideration of maintenance and inspec-
tion for the cequipment in the rooms
(such as tank rooms) where a well bal-
anced arrangement is difficult.

For mercury lamps, ballasts can be in-
stalled separately for life extension un-
der the defined environment.

(m) The standard installation interval of

(m)

(o)

service power supply boxes should be
150-200 ft.

The standard installatiod interval of
outlets should be 50-100 ft, however out-
lets shall be arranged around instrument
racks. The outlet installation level in
hazard control arcas shali be above the
top of dikes.

As a rule, normal lighting power shall
be supplied with two power buses. How-
cver, a power suprly with one power bus
can be used for areas with high illumina-
tion lighting by standby lighting and in
small rooms.

Amendment

)
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Lighting shall be designed with due con-
sideration of reflection on the CRT
screens where CRTs are instalied.

Lighting fixtures in rooms with glass
windows shall be arranged with due con-
sideration of the mirror e“fect to keep
the window clear.

Power for staircase and passage
lighting is from the standby system and
shall be supplied from two power buses
in the staircases and passages to
prevent a total lighting loss. Each
bus supplies power to S0% of the
standby lighting of the passages and
staircases. The two power buses for
safety-related arca passiocs and'
staircases shall comsic o f the
following: One Class 1E bus (the same
division as the safety-related
equipment in the area), which is backed
by the associated divisional diesel
gencrator; and 2 non-Clase 1E bus,
which is backed by the combustion
turbine generator. Under annual
inspection of the power supplies, 50%
lighting is secured with one lighting
power supply. The 50% lighting level
shall be sufficient for access and
egress of personnel to and from the
arcas.

{5) Lighting fixtures shall be selected in ac-

cordance with the following criteria:

(a)

Lighting fixtures inside the plant
shall be the following type of
fixtures:

(i) Fluorescent lamps: As a ruie,
fluorescent lamps shall be se-
lected as fixtures for the
general arca.

(i) Mercury lamps: Mercury lamps
shall be selected as fixtures for
high ceiling areas and the yard
area (except in reactor building
or other arcas where lamp
breakage could introduce mercury
into the reactor coolant).

9531
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{b)

(<)

(d)

(e)

(H

®

(b)

(i)

)]

(iii) Incandescent lamps: Incandescent
lamps shall be selected as fix-
tures for dc emergency lighting
and as fixtures above the
reactors and fuel pool in R/B
operating floor.

Standby lighting shall be the rapid
start type.

incandescent lamps shall have water
proof guards inside drywell.

The fixtures can be a general industry
type, however the fixtures for the part
of service area in S/B and control rooms
shall match the interior finish of the
arca.

Lighting fixtures above operator con-
soles, bench boards and RW operator coz-
soles shall be dark green embedded lou-
ver lighting to reduce the reflection of
fixtures on CRT screens. Illumination
levels around the operator console and
bench boards shall be adjustable.

Non-Class 1E battery pack lamps shall be
self contained units suitable for the
environment in which thev are located.

The light fixtures for Class 1E battery
packs may be located remote from the
battery if the environment at the lamp
i« not within the qualified range of the
battery. Alternatively, lamps powered
from the station batteries may be
provided.

Outlets shall have grounded connections
and should be 120V-15A type or 2a0V-15A

type.

Standard service power boxes shall be 3
phase 48CV-100A type.

Lighting around tke reactor and fuel
pool co the R/B operating floor shall be
designed with due considerstion of the
reflection on the water surface to keep
from impeding pool work. Lamps in 2 lo-
cation where the lamps may drop in the
reactor or fuel pool, shall have guards.

23A6100AH
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(k) Outdoor lamps shall have automatic on/
off switches.

(1) Class 1E Associated lighting equipment ‘
shall be selected for the following
arcas. Wiring shall be an explosion
proof type.

(i) Batch oil tank room such as tur-

bine oil tank room and lubrica-
tion oil tank room.

(i) EHC equipments room.
(i)  Battery rooms.

(v) Diesel generator rooms.
(v} Day tank rooms.

(vi) Hydrogen related pancls and seal
oil equipment area.

(m) Lighting inside the cask cleaning pit

shall be an embedded water proof type
fixture.

(n) Feeder circuits for the lighting
fixtures and outlets in the following

areas shall have circuit breakers with
ground current detection,

(i) Decontamination pans
(i) Decontamination rooms
(iii) Inside Drywell (Outlets)

(ivy R/B operating floor (Service
power supply boxes)

(v) Yard (Damp arca)
(vi) Service power supply boxes.
(6) Fixture installation levels shall be as

follows with consideration for the arrange-
ment of trays. HVAC ducts and equipment

lifting space:

(from floor surface)

95.32
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Distribution 6.5 fit to the top of the pancls

panels

Suspended & fi to bottom of the fixtures

fixture

wall mounted 8 ft to bottom of the fixtures
fixtures

Switches® 4 ft to center of the switch
boxes

Qutlets® (1) 1 ft to center of the switch

boxes

(2) 8 ft to center of the switch
boxes

(T) Wiring Criteria

{a) Wiring from power buses to distribution
panels shall be done with conduit or
cable trays. Wiring from the
distribution panels shall be done with
conduits.

(b) Normal non-Class 1E lighting power
supply lines from the distribution
panels with dual power bus configuration
can share the same conduit.

{¢) Standby lighting circuits shall not
share raceways with normal lighting
circuits, ]

To exhere l-gh‘fﬁg Oelldh/pf’,

{d)jEmergency dc lighting circuits shall
not share raceways with any other
circuits.

* In the yard, the height from the ground to
the center of the boxes shall be 5 ft.

(1) Botiom of outlets in the srea with dikes
shall be installed higher than the top
of the dikes.

(2) Outlets in laboratories and analysis
rooms shall be installed at an approp-
riate level with consideration of the
work in the area.

Detailed installation leveis will be
coordinated at the construction site.

Amendment

(e) Physical identification of the Class 1E
and Class 1E Associated equipment and
cables is addressed in Subsection
8.3.1.3.

(8) Wires and Cables

(a) Wire size shall be 12 AWG, or larger as
required.

(b) The size of the ncutral line shall be
the same as the branched circunts.

{9) Conduits

(a) Generally, embedded conduits shall be
thick wall type, and exposed conduits
may be thin wall iype.

Exposed conduits in drywell, the vard
and the arca wher~ safety type fixtures
or pressure resistant explosion proof
fixtures are required shall be thick
wall type.

95312 Safety-Related Design Bases

Nuclear safety-related design bases for ABWR
Standard Plant lighting systems arc as follows:

(1) Mercury vapor fixtures and mercury switches
are not used where a broken fixtare or
switch may result in introduction mercury
into the reactor coolant system.

(2) Adequate lighting for any safety-related ar-
cas, such as arcas uscd during emergencics
or reactor safe shutdown, including those
along the appropriate access or exit
routes, are provided from 4 different
lighting circuits (normal ac; standby ac;
125Vdc or self-contained battery
fixtures). See Subsection 9.5.13.4 for COL
license information.

See Tuble 9.5-2 for the lighting subsystems
and their normal and backup power sources and
the switcning sequence. This table shows that

the lighting is provided with normal standby and
emergency dc lighting during normal operation.
On the loss of normal power, the lighting is
provided from staxdby and emergency power. On

9533
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the loss of all ac power the lighting is provided
by dc emergency lighting facilities or self-
contained battery fixtures.

9532 System Description

Plant lighting is divided into four sub-
systems:

(1) normal lighting (ac);

{2) standby lighting (ac):
{a) Class 1E Associated
(b) Non-Class 1E

(3) emergency lighting (dc);
(a) Class 1E Associated
(b) Non-Class 1E

(4) Guide lamps
{a) Class 1E
(b) Non-Class 1E

Lighting fixtures that contain mercury are not
used inside the reactor building or in any other
location where broken fixtures may introduce mer-
cury iato the reactor coolant system.

95321 Normal (Noo-Class 1E) Lighting

The normal lighting system is ac and non-Class
1E and provides up to 50% of the lighting needed
for operation, inspection, and repairs during
normal plant operation and is installed
throughout the plant in nonessential equipment
areas, except for the passageways and
stairwells. Normal lighting is generally
supplied from the nonessential power generation
(PG) buses. In the nonessential equipment arcas,
the normal lighting is supplemented (a mimimum of
50%) b the non-Class 1E lighting system.
Lighting from a single load group is acceptable
for loralized high intensity lighting and
lighting in small rooms where only a limited
number of fixtures are needed. Nos-Class 1E
service ovtlets and internal lighting for
non-Clzss 1E pancls is provided by the normal

lighting is supphied from tWo differeat load
groups of the non-Class 1E}lighting system. l
With this configurationmon-Class 1E kquipment
arcas receive 100% of their lighting from two
different power sources.

9.£322 Standby Lighting

Standby lighting is provided for the
operation and maintenance of equipment during
the loss of normal power and is installed over
the entire plant arca. The ac lighting
configuration permits retaining approximately
50% of the lighting illumination in all
passageways, stairwells and essential equipment
areas during lighting maintenance or loss of a
load group. Illumination from S0% of the
lighting is adequate to observe equipment and
support personnel movement.

The standby lighting system is made of two
subsystems: Class 1E Associated and non-Class
1E. The Class 1E standby lighting subsystem -
serves the safety related areas, and their
associated passageways. The noa-Class 1E
lighting subsystem serves the non-safety-related
arcas and their associated passageways.

953221 Class 1E Associated Standby |
Lighting Subsystem (SSLS)

s 1E Associated ac standby lighting
em i m of lighting from three Class
-# ivisions. Each of the three Class 1E
ivisions i supplied power from the Class 1E
divitsional bus, which is connectable to the
Class 1E standby power supply (emergency diz:cl
gencrator (DG) ) im its respective division.
Each Class 1E standby lighting system supplies a
minimum of 50% of the lighting needs of the
safety-related cquipment arcas in its respective
division and of the passageways and stairwells
leading to its respective equipment arcas. The
Class 1E lighting in the battery room and other
instrument and control areas of Division IV is
supplied from the Division 11 Class 1E standby
lighting system. The main control room lightiog
is supplied from Divisions Il and 1l Class 1E
standby lighting systems. The remainder of the
lighting (up to 50%) in the ¢ uroment
arcas and the passageways and '
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l to them is supplied from non-Class 1E standby

lighting system in the same load group as the

| Class 1E Associated lighting system. With this

configuration, safety-related equipment arcas
receive 100% of their lighting needs from two
different standby lighting power supplies.

! The Class 1E Associated standby lighting
| subsystem is fcd from Class 1E buses through

separate lighting panels. Fixtures are provided
for all safety-related areas, arcas where

| Divisions I, 11, 11l and IV systems equipment 15

located, and their associated access arcas. The
fixtures provide a reduced lighting level
adequate 10 support personnel movement and
observation of equipment after interruption of
the normal lighting system. In the event of a
LOPP, the SSLS is aut the
diesel generator sets. ¢ transformers for thi
Aighting subsystem and their associa((d panei
\are Class 1E and Seismic Category 1. 3
R

st P penn s

Class 1E Associated,

- . ‘ :
Aovragoryi-rmeomevs  The lighting fixtures
-~_themselves are not scismically qualified, but are

seismically supponm The bulbs cannot be
seismically qualified. This is why the subsystem
is considered Class 1E Associated. The bulbs can
only fail open and therefore do not represent a
hazard to the Class 1E power sources.

953222 Non-Class 1E Standby Lighting
Subsystems

The non-Class 1E ac standby lighting system is
comprised of lighting from three non-Class 1E
load groups. Each load group is supplied from a
different plant investment protection (PIP) bus
which is connectable to the non-Class 1E standby
power supply (combustion turbine generator
(CTG)). The non-Class 1E standby lighting system
supplics a minimum of 50% of the lighting needs
of the noa-safe “€quipment aréas and

100% of the Mghtigg i sageways and
stairwells leading tWE{ipmm
arezs (as described above). 'nm additien, the
non-Class 1E standby lighting syst€m supplies up
to 50% of the lighting needs in safety-related
cquipment s and | ys and stawwells
leading 19 .'.8 cquipment areas. The

remainder of the lighting {a minimum of 50%) in
the safety-related €quipment arcas and in

passageways and stairwells leading to them 15

Amendment
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supplied from the Class 1E standby lighting |
system.

The non-Class 1E standby lighting subsystem l
is f=d from non-Class 1E buses through scparate
lighting pancis. Fixtures are provided for all
non-safety-related areas (areas where non-
divisional equipment is located), and their
associated passageways. The fixtures provide a
reduced lighting level adequate to support
personnel movement and observation of equipment
after interruption of the normal ligating
system. In the event of a LOPP, the NSLS is
automatically fed from the combustion turbine
generator. The NSLS transformers and their
associated pancls are non-Class 1E and are
routed in non-Class 1E raceways. The
illumination levels and power sources are shown
on Table 9.5-3.

) as

3 DC Emergency Lighting

The DC emergency lighting « m;:omists of
two subsystems, Class laﬁgﬁﬁh 1E. The
Class 1E Associated subsystem serves the
following safety-vrelated arcas:

——

Main contro. room

Safety-related electric equipment rooms '
Diesel generator arcas and associated control
rooms

DC electric equipment rooms (battery rooms are
included)

Remote shutdown control rooms

The non-Class 1E subsystem serves the |
non-safety-related radwaste control room.

The dc emergency lighting system provides
backup illumination for periods after the loss
of preferred power, until the combustion turbine
gencrator energizes the standby lighting system,
as well as in the event of loss of all the ac
lighting sources.
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The illumination levels and power sources of
the dc emergency lighting system is shown in
Table 9.5-4.

952231 Class 1E Associated Emergency
Lighting Subsystem

The Class 1E Associated emergency lighting
system provides the emergency lighting needs to
the main control room, the remote shutdown panel
room, the emergency diesel generator arcas and
control rooms, and the safety-related electrical
equipment rooms (both ac and dc). Lighting power
for the identified safety-related areas is
supplied from the 125 VDC battery in the same
divisions as the area. The lighting power to the
main control room is supplied from Divisions 11
and 111 125 VDC batteries.

The power for the Class 1E Associated emer-
gency lighting subsystem is fed from the Class 1E
statica d. power supply system (R42) through
Class 1E distribution panels for the above
safety-related arcas. Fixtures are provided for
all safety-related areas.

The - are
Associated emergency lighting fixtures are
sersmically supported.) The bulbs are not
seismically qualified. This is why the subsystem
is considered Class 1E Associated. The bulbs can
only fail open and therefore do not represent a
hazard to the Class 1E power sources.

953232 Non-Class 1E Emergency
Lighting Subsystem

The non-Class 1E emergency lighting system
provides the emergency lighting needs to the
radwaste building (RWB) control room, the
combustion turbine generator (CTG) ares and

| control room, and the non-safety-reiated

electrical equipment arcas (both ac and dc).
Lighting power for the RWB control room is
supplied from the non-Class 1E 250 VDC battery.
Lighting power for the non-safety-related
electrical equipment rooms is supplied from the
125 VDC battery in the same non-safety-related
load group as the equipment in the room.
Lighting power for the non-Class 1E CTG is
supplied from one of the non-Class 1E 125 VDC

batteries.

23A6100AH
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The power for the non-Class 1E emergency
lighting subsystem is fed from the non-Class 1E
station dc power supply system (R42) through the
non-Class 1E distribution panel for the radwaste
control room. The lighting panel and wiring are
non-Class 1E and non-siesmic. The circuits are
classified as non-Class 1E and are routed in
nON-SICSMIC TACeWays.

$.£.32 .4 Guide Lumps With Self-Contained
Battery Packs

DC emergency lighting fixtures are installed
for stairways, exit routes and major control
arcas such as the main control room and remote
shutdown panel areas. Each of the emergency
lighting fixtures has two incandescent scaled-
beam lamps, with an 8 br minimum self-contained
battery, charger and an initiating switch which
energizes the fixture from the battery in the
event of loss of the ac power supply, and
de-energizes the fixture upon return of ac power
to the standby light, following a time delay of
15 minutes (see Tabie 9.5-2). The power supply
ac source is fed fr the standby lighting

4 S v » . "
syste e pﬁsagcways are illuminated to a
level of 1 foot candle on the floor per the Life
Safety Code.

The self tained emergency lighting sets
uev@qualiﬁcd in safety-related
areas. Closs 1€

9.£3.2.5 Emergency Opersation Failure Analysis

Because of the redundancy provided by the
systems described above, the complete loss of
lighting in asy o) the critical areas is not
credible. The standby lighting system, o9 loss
of the normal lighting system, and the emergency
lighting systems, provide totally independent
low level illumination in areas vital to safe
shutdown of the reactor and evacuation or access
by personnel should the need occur.  This is
specifically demonst-ated by Tables 9.5-1 and
9.5-2. Also, the safety-related control
systems will automatically bring the plant 1o
safe shutdown if lighting is not available.

95323 Inspection and Testing Requirements

Since the normal standby and emergency
lighting circuits are energized and maintained

95-36
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continuously, they require no periodic testing.
The guide lamps will be inspected and tested
periodically to ensure operability of lights and
switching circuits.

//ow(vﬂ’, Perwdrc mspec-f/c‘n‘l
and bulb replﬂffwﬂkr Shat!

. \\_/'-——Q———-———-————“‘
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9.5.6 Diesel-Generator Starting Air /for ﬁve aulouum: or manual starts mtbouD“"Q

System
9561 Design Bases

The diesel-generator starting air system pro-
vides a supply of compressed air for starting the
emergency generator diesel engines without exter-
nal power. In order to meet the single-failure
criterion, each diesel-generator set is provided
with two complete, redundant starting air sys-
tems. Each starting air system has enough air
storage capacity for five consecutive starts of
the engine, and performs its starting function in
such a way that the time interval between signal
to start and “ready to load” status will not ex-
ceed 20 sec. The air storage tanks, valves and
piping between tank and up to first conunection on
the engine skid are designed to Seismic Categery
I requirements, and in accordance with the ASME
Boiler and Pressure Vessel Code, Section 111,
Class 3. The system is located in a Seismic Cat-
egory 1 structure, protected against tornado, ex-
ternal missiles and flood waters.

9562 System Description

Althougk specific suppliers may differ in the
final design, a typical P&ID is provided as
Figure 9.5-8. See Subsection 9.5.13.5 for COL
licease information.

The diesel-generator starting air system pro-
vides a separate and independent starting facil-
ity for each of the diesel-generating units.
Each facility includes two 100% capacity sec-
tions, cach section consisting of an air compres-
sor, after cooler, air dryer and air receiver.
Two redundant starting air admission valves in
each of two engine starting 2ir manifolds are
provided for cach engine. Failure of an one
starting system in no way affects the ability of
any other system to perform its required safety
related function. Normally, the compressors are
fully automatic in operation, controlled by
pressure switches located on their respective air
receivers. The pressure switches signal the
start and stop of the compressors, as necessary
to maintain the required system pressure. Manual
override of the automatic sequence is provided
for emergency situations.

Each independent air starting system secuD

has sufficient capacity for cranking the engine

Amendment 23

-oto:-dnven compres-
sor hu su lcu:nl upacnty to recharge the stor-
age system in 30 mia, after five starts of the
diesel engine. The compressors are electric
motor-driven.

Each air receiver is also provided with a
blowdown connection. A connection at the re-
ceiver bottom will be used to blow down any
water accumulated in the tank. The starting air
admission valves are operated by solenoids
supplied with uninterruptible dc power from 125
Vdec. Solenoids and power feeds are in the same
division.

Diesel generator air start system is provided
with an air dryer to ensure clean dry air to
engine starting. The dryer will be capable of
controlling the dew point as recommended by the
diesel engine manufacturer. The dryer will be
equiped with pre and after filters to remove
oil, waste, dust and any pipe scale from the air
stream.

9563 Safety Evaluation

The standby diesei-generator starting air sys-
tem air compressors and tanks are designed in ac-
cordance with the requirements of Section I1I of
the ASME Boiler and Pressure Vessel Code. The
system is classified Safety Class 3 and Seismic
Category I. Starting air facilities for each of
the diesel engines are completely redundant,
with each redundant section capable of supplying
enough air for a minimum of five normal engine
starts. Because of the redundancy incorporated
in the system design, the diescl-generator start-
ing system provides its minimum required safety
function under the following conditions.

(1) design basis loss of coolant condition with
loss-of-offsite power, by putting into op-
eration the standby diesel generator; and

(2) maintenance, outage or failure of one of
the two air starting systems associated
with the diesel engine.

Components of the diesel-generator starting

system are designed to Scismic Category | re-
quirements. Procurement of components is
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(2) The target reliability of the CTG uemit,
based on successful starts and successful
load runs, shall be > 098, as calculated by
methods defined in NSAC 108, The Reliability
of Emergency Diesel Generators at US Nuclear
Power Plants,

(3) The gas turbige shall bave an ISO rating

(continuous rating at $9°F and at sea

voitage of 6.9 kV z

(4) The generigcr dutp shall have a

steady-state vbha\gfhje‘ulntlon within 0.5%
of rated voltage when the load is varied
from no load to rated kVA and all transients
have decayed to zero.

Jevel) of at Jeastfy mW, with nominal output
u

(5) The transient response of the generator
shall be capable of assuming sudden
application of up to 20% of the gencrator
NEMA rating when the generator, exciter, and
regulator are operating at no load, and
rated voltage and frequency results in less
than 25% excursion from rated voltage.
Recovery shall be within 5% of rated
voltage, with no more than one undershoot or
one overshoot within one second.

(6) With the generator imitially operating at
rated voltage, and with a constant load

- between 0 and 100% at rated power factor,

the change in the regulated output shall not
exceed 1% of rated voltage for any 30-
minute period at a comstant ambieal

KCQECYI(IH'C.

95112 System Description

The interconnections for the CTG are shown on
the power distribution system single line diagram
{SLD), Figure 8.3-1.

The CTG is designed to supply standby power to
one of the two turbine building (non-Class 1E)
6.9kV buses which carry the plant investment
protection loads. (The other investment
protection bus receives back-up power from the
auxiliary transformer fed from the alternate
off-site power source.) The CTG automatically
starts on detection of a voltage drop of less
than 70% on its ¢ ywnstream bus. When the CTG is
ready to synchromize, if the voltage level is

Amendment 10
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still deficient, power is automatically
trapsferred from the unit auxihiary transformer
to the CTG.

Manua!'y controlled breakers also provide the
capability of connecting the combustion turbioe
generator 1o any one of the emergency buses if
all other power sources are lost.

The CTG cousists of 2 completely-packaged,
fully-assembled and tested, skid-mounted unit
with the following components:

(1) A gas turbine with diesel bydraulic start
system (i.c., capable of black start). The
ugit shall be operated with liquid fuel.

(2) A geserator with brushless excitation system
and terminal box.

(3) A reduction drive gear system between the
turbine and gemerator.

(4) Lubnication system.

(5) An air cooling system with radiator and AC
motor-driven fans for oil cooling.

(6) Accessory gearbox.
(7) Air istake and exhaust equipment.

(8) Microprocessor-based control system with
control and protective circuits.

(9) Panels, junction boxes and other accessonies
as required.

95113 Safety Evaluations

The CTG is non-Class 1E and its failure will
not affect safe shutdown of the plant. The unit
is not required for safety, but is provided to
assist in mitigating the conseguences ©
owever, the plant can
t without the CTG.
The CTG does not supply power to nuciear salety
related equipment except on condition of
complete failure of the emergency diesel
generators and all off-site power. Under this
condition, the CTG can provide emergency back-up
power through manually-actusted Class-1E
breakers in the same interface manner as the
off-site power sources. This provides a diverse
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power in accordance with RG 1.155. Adequate
protection of the CTG against sabotage is
provided by locating the unit inside the security
protected area.

95.11.4 Tests and laspections

The initial test qualification requirements
described in IEEE 387, [EEE Standard Criteria for
Diesel Units Applied as Standby Power Supplies
for Nuclear Power Generating Stations, shall also
be applied to the CTG in order to ensure adequate
system reliability. However, the factory-test
portion of this requirement may be waived if the
identically desigoed unit has been shown capable
of maintaining a reliability of 0.99 over a

ive- eriod.

itc accentance testing, periodic surveillance
testing at. preveative maintenance, inspections,
etc., soall be performed in accordance with the
manufacture's recommendations, including time
intervals for parts replacement.

9.5.11.5 Instrumentation Requirements

The CTG is provided with local instrumenta-
tion and control sysiems suitable for manual
start-up and shutdown, and for monitoring and
control during operation. Automatic start-up and
load sequencing is controlled via the control
console located in the main control room.

Mechanical and clectrical instrumentation
linked to control room displays are provided to
mounitor starting, lubricating and fuel supply
systems, the combustion air in-take and exhaust
system, and the excitation, voltage regulation
and synchromization systems.

Generator output voltage, current, kVA, power
factor, Hz, etc., are also displayed in the
control room. Annusciators aad computer logs
provide carly detection of abnormal bebavior.

9.5.12 Lower Drywell Flooder
95121 Design Basis

The fusction of the lower drywell flooder
(LDF) is to flood the lower drywell with water
from the suppression pool in the unlikely event
of 2 severe accident where the core melts and
causes a subsequent vessel failure to occur.

Amendment 20
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The equipment shall meet the following
performance criteria:

(1) The LDF shall provide a flow path from the
suppression pool to the lower drywell whea
the drywell air space temperature reaches
260°C.

The LDF shall pass sufficient flow from the
suppression pool to the lower drywell to
quench all of the postulated corium, cover
the corium, and remove the corium decay
heat, as confirmed by severe accident
analysis (Appendix 19E).

(2

{3) The LDF shall operate automatically in a
passive manner.

The LDF outlet shall be at least one meter
above the lower dryweil floor.

4)

The LDF inlet shall be located as far below
the bottom of the first horizoatal
drywell-to-wetwell vent as possible while
still meeting the requirements for the
location of the LDF outlet.

(5

The LDF shal! not become a flow path from
the suppression pool to the lower drywell
during design basis accidents (DBAs) such as
loss-of-coolant accidents (LOCAs) or during
normal plant operation.

(6)

(7) The LDF shall distribute flow evenly around
the circumference of the lower drywell

95122 Systens Description

The LDF is shown schematically in Figure
9.5-3.

The LDF provides a flow path for suppression
pool water into the lower drywell area during a
severe accident scenario that leads to core
meltdown, vessel failure, and deposition of
molten corium on the lower drywell floor.
Molten corium is a molten mixture of fuel,
reactor internals, the vessel bottom head and
control rod drive components. The flow path is
opened when the lower drywell airspace
temperature reaches 260°C.

The flow of suppression pool water to the
lower drywell through the LDF guenches the
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9.£.12.16 NUREG/CR-0660 Diesel Generator
Reliability Recommendations

Programs shall be developed to address
NUREG /CR-0660 recommendations regarding iraming,
preventive maintenance, and root-cause analysis
of component and system failures.

9.5.14 References

1. Stello, Victer, Jr., Design Requirements
Reiated To The Evolutionary Advanced Light
Waier Reactors (ALWRS ), Policy lssue,
SECY-89-013, The Commissioners, United
States Nuclear Regulatory Commission.
January 19, 1989.

19

Cote, Authur E., NFPA Fire Protection
Handbook, National Fire Protection
Association, Sixteenth Edition.

3. Design of Smoke Control Systems for
Buildings, American Society of Heating,
Refrigerating, and Air Conditioning
Engineers, Inc., September 1983.

4 Recommended Practice for Smoke Control
Systems, NFPA 92A, National Fire Protection
Association, 1988,

5 Life Safety Code, NFPA 101, National Fire
Protection Associalion.
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9A.5 SPECIAL CASES

9A.5.1 Piping Penetrations, Reactor Building

Piping penctrations through the drywell shell have
unique design conmsiderations. The stress and
containment requirements along with the tem-
perature inputs to the concrete walls leave little
design latitude. Experience has shown that some of
these penetrations for high energy piping 1aay not
contain a 3-hr fire-resistive barrier such as have
provided throughout the other ABWR buildings.
Penetration details are not available at this stage of
the plant desige. It is an COL license information
requirement (sce Subsection 9.5.13.7) that the
detailed design provide completely equivalent
construction to tested wall assemblies or testing will
be required.

9452 Fire Door Deviations

The design of the nuclear facility must meet many
criteria, including fire resistivity. Fire doors are an
example of compromise with other overriding design
criteria that must also be met. Some, such as the
airlock doors between the lock and the Reactor
Building, form part of a pressure vessel and are of
special construction. Such doors generally bave a

backup fire door.

9A.53 Charcaal Filters for Process Tanks and
Drain Sumps

Several tanks and sumps are fitted with small char-
coal canister-type filters to adsorb radioactive
halogens and particulates that may be in the gases
vented from the tank during filling or draining
operations. Vents from the individual filters and
tanks with low level radioactivity are ducted to the
HVAC exhaust system.

Temperature monitoring and automatic or
manually actuated fixed fire suppression systems
have not been provided for these filters. Valves can-
not be installed in the lines to isolate the filters as
valve closure would result in pressure gradients that
could cause tank or sump failure. Manual fire
suppression systems are available at or nearby cach
filter.

A.5.4 Pipe Break Analyses

Per the criteria in Section 3.6, the high pressure
fire water systems require analysis for high energy

Amendment 23
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and moderate lines, respectively.

9A.L5.5 Fire Separation for Divisional Electrical
Systems

There are some cases where cables of more than
one division are in relatively close proximity and
require special justification. These areas are listed
below and justification of each is evaluated in the

94551 RPS Scram Circuits

Wiring to each of the four groups of scram sole-
noids is run in separate rigid steel conduits for the
purpose of preventing any possibility of the scram
solenoid circuits being exposed to a "hot” short (ic.,
two energized switch legs of different group circuits
shorted together that could negate the scram
command to more than one group of control rods).
The conduits do not require other special separation.
Overheating of the conductors, as by fire, cannot
cause an unsafe failure because solenoids can be

de-encrgized by shorts to ground or between conduc-
tors without creating an unsafe condition.

The AO Scram Solenoid valves are part of the HCU
assemblies (two solenoids per valve). They are safety
related and recieve their divisional power (Division 2
or 3) from RPS via the Scram Solencid Fuse Panels
(H22-P055 A-H). The fuse panels are located in
rooms 111, and 118 (Div. I), 125, and 129 (Div. II).
Fire in any of these rooms could cause a short on the
cables feeding power 1o the scram solenoids and
cause the associated fuse in the scram solenoid fuse
panel o blow. The fault will be limited to the loss of
power to the associated solenoid and will not

propagate upstream.

Divisions 1 & IV pressure transmitters which
monitor control rod drive charging header pressure
are located in the HCU unit room which contains the
HCUs for Divisions 1 & IV. Corresponding Divisions
11 & I11 transmitters are located in the Divisions 11 &
111 HCU unit room. Each divisional cable is
individually contained in steel conduit. Shorts or
grounds postulated to occur on these cable will not
affect the upstream power division because of the
current limiting capability inhereat in the low voltage
power supplies whkic’. feed the transmitiers.
Therefore, postulated multi-divisional shorts or
grounds on these cables, due to fire in one of the
HCU rooms, will not cause an unsafe condition.

9A5-1
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8.1 INTRODUCTION
8.1.1 Utility Grid Description

The description of the utility grid system is out of the ABWR Standard
Plant scope, however there are interface requirements contained in Section
§.2.3.1 which must be complied with by the Utility.

8.1.2 Electric Power Distribution System
8.1.2.0 Definitions

The definitions used throughout Chapter 8 are consistent with Section 3 of
1EEE 308 with the following important clarifications for the ABWR:

Division. The designation applied to a given gafety-related system or set of
components that enables the establishment and maintenance of physical,
electrical, and functional independence from other redundant sets of
components. (The term "safety-related"” is added to the IEEE 308 definition.)

Load group. An arrangement of buses, transformers, switching equipment, and
loads fed from a common power supply. (The last three words ".. within a
division" are de.:ted with respect to the IEEE 108 definition.) A load group
mway be safety-related or non-safety-related depending on its common power
supply.

Safety-related. Any Class 1E power or protection system device included in the
scope of IEEE 279 or 1EEE 308. (This term is explicitly defined in IEEE 100,
though not in IEEE 308.) Note that "safety-related" includes both electrical
and non-electrical equipment, whereas "Class 1E" pertains only to electrical
equipment (i.e., anv equipment which has an electrical interface).

8.1.2.1 Description of Offsite Electrical Power System

The scope of the offsite electrical power system includes the entire
transmission line system and the transmission lines coming into the switchyards
to the termination of the bus duct and power cables at the input terminals of
the circuit breakers for the Class 1E 6 9KV switchgear. The applicant has
design responsibility for portions of the offsite power system. The scope
split is as defined in the detailed description of the offsite power system in
Section 8.2.1.1.

The 1500MVA main power transformer is a bank of three single phase
transformers. One single phase installed spare transformer is provided.

A main generator circuit breaker capable of interrupting the maximum
available fault current is provided. This allows the generator to be taken off
line and the main power transmission system to be utilized as a power snurce
for the unit auxiliary transformers and their loads, both Class 1E and
non-Class 1E. This is also the start-up power source for the unit.

There are three unit auxiliary transformers, connected to supply power to
three approximately equal load groups of equipment. The "Normal Preferred”
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power feed is from the unit auxiliary transformers so that there normally are
no bus transfers required when the unit is tripped off the line.

One, three-winding 37.5 MVA unit reserve auxiliary transformer (RAT)
provides power via one secondary winding for the Class lE buses as an alternate
to the "Normal Preferred" power. The other secondary winding supplies reserve
power to the non Class 1E buses, This is truly & reserve transformer because
unit startup is accomplished from the normal preferred power, which is backfed
from the offsite power transmission system over the main power circuit to the
unit auxiliary transformers. The two low voltage windings of the reserve
transformer are rated 18.75 MVA each.

8.1.2.2 Description of Onsite AC Power Distribution System

Three non Class lE buses and one Class 1E division receive power from the
single unit auxiliary transformer assigned to each load group. Load groups A,
B and C line up with Divisions I, Il and I1I, respectively. One winding of the
reserve auxiliary transformer may be utilized to supply reserve power to the
non-Class 1E buses either directly or indirectly through bus tie breakers. The
three Class 1E buses may be supplied power from the other winding of the
reserve auxiliary transformer.

A combustion turbine generator supplies standby power to permanent
non-Class 1£ leoads. These loads are grouped on one of the &.9KV buses per load
group. Power is also provided from the combustion turbine generator to the
three Class 1E medium voltage buses via breakers that are normally racked out
for Divisions 1 and 111, and remote manually closed under administrative
control for Division II1.

In general, motors larger than 300 KW are supplied from the 6.9Kv (M/C)
bus. Motors 300KW or smaller but larger than 100KW are supplied power from
480V power center (P/C) switchgear. Motors 100KV or smaller are supplied power
from 480V motor control centers (MCC). The 6.9KV and 4BOV single line diagrams
are shown in Figure 8.3-1.

During normal plant operation all of the non-Class 1E buses and two of the
Class 1E buses are supplied with power from the main turbine generator through
the unit auxiliary transformers. The remaining Class 1E bus is supplied from
the reserve auxiliary transformer . This division is immediately available,
without a bus transfer, if the normal preferred power is lost to the other two
divisions.

Three diesel genmerator standby ac power supplies provide a separate onsite
source of power for each Class 1E division when normal or alternate preferred
power supplies are not available. The transfer from the normal preferred or
alternate preferred power supplies to the diesel generator is automatic. The
transfer back to the normal preferred or the alternate preferred power source
is a manual transfer.

The Division I, 11, and 111 standby ac power supplies consist of an
independent o 9Kv Class lE diesel generator, one for each division, Each DG may
be connected to its respective 6.9Kv Class 1E switchgear bus through a circuit
breaker lucated in the switchgear.
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The standby ac power system is capable of providing the required power to
safely shut down the reactor after loss of preferred power (LOPP) and/or loss
of coolant accident (LOCA) and te maintain the safe shutdown condition and
operate the Class 1E auxiliaries necessary for plant safety after shutdown.

The plant 480 Vac power system distributes sufficient power for normal
auxiliary and Class 1E 480 volt plant loads. All Class lE elements of the 480
V power distribution system are supplied via the 6.9Kv Class 1lE switchgear and,
therefore, are capable of being fed by the normal preferred, alternate
preferred, standby or combustion turbine generator power supplies.

The 120 Vac non-Class 1lE instrumentation power system, Figure 8.3-2,
provides power for non-Class 1lE control and instrumentation loads.

The Class 1E 120 Vac instrument power system, Figure 8.3-2, provides for
Class 1E plant controls and instrumentation. The system is separated into
Divisions I, 11 and IiI with distribution panels fed from their respective
divisional sources.

The 125V dc power distribution system provides four independent and
redundant onsite battery sources of power for operation of Class 1E dc loads.
The 125V dc non-Class 1lE power is supplied from three 125V dc batteries located
in the turbine building. A separate non-Class 1E 250V battery is provided to
supply uninterruptible power to the plant computers and ncn-Class 1E dc motors
(See Figure 8.3-4).

The safety system and logic control (SSLC) for RPS and MSIV derives its
power from four uninterruptible 120 Vac divisional buses (See Figure 8.3-3).
The SSLC for the ECCS derives its power from the four divisions of 125V dc
buses. The four buses provide the redundancy for various instrumentation,
logic and trip circuits and solencid valves. The SSLC power supply is further
described in Subsection 8.1.3.1.1.2.

8§.1.2.3 Safety Loads

Tae safety loads utilize various Class 1E ac and/or dc sources for
instrumentation and motive or control power or both for all systems required
for safety. Combinations of power sources may be invelved in performing a
single safety function. For example, low voltage dc power in the control legic
may provide an actuation signal to contreol & 6.9kV circuit breaker to drive a
large ac-powered pump motor. The systems required for safety zre listed below:

{1) Safety System Logic and Control Power Supplies including the Reactor
Protection System

(2) Core and Containment Cooling Systems
(a) Residual Heat Removal Systen (RHR)
(b) High Pressure Core Flooder (HPCF) System
{c) Automatic Depressurization System (ADS)

{d) leak Detection and Isolation System (LDS)
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(e) Reactor Core Isolation Cooling System (RCIC)
ESF Support Systems

(a) Diesel generator Sets and Class lE ac/dc power distribution systems.
{b) HVAC Emergency Cooling Water System (HECW)
{¢) Reactor Building Cooling Water (RCW) System
(d} Spent Fuel Pool Cooling System

(e) Standby Gas Treatment System (SCTS)

(f) Reactor Building Emergency HVAC System

(g) Control Building HVAC System

(h) High Pressure Nitrogen CGas Supply System
Safe Shutdown Systems

(a) Standby Ligquid Control System (SLCS)

(b) Nuclear Boiler System

(1) Safety/Relief Valves (SRVs)
(ii) Steam Supply Shutoff Portion

(<) Residual Heat Remoal (RHR) system decay heat removal
Safety-Related Monitoring Systems

(a) Neutron Monitoring System

(b) Process Radiation Monitoring System

(¢) Containment Atmosphere Monitoring System

{(d) Suppressicn Pool Temperature Monitoring System

For detailed listings of Division I, I1 and 111 loads, see Tables 8.3-1 and

8.3-2.

3 Design Bases

3.1 Safety Design Bases--Onsite Power
3.1.1 General Functional Requirements

3.1.1.1 Onsite Power Systems--General

The unit’s total Class lE load is divided into three divisions. Each

sion is fed by an independent 6.9Kv Class 1E bus, and each division has
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access to one onsite and two offsite power sources. An additional offsite
power source is provided by the combustion turbine generator (CTG). A
description of the CTC is provided in Section 9.5.11.

Each of the two normally energized offsite power feeders (i.e., normal
preferred and alternate preferred power) are provided for the Divisions I, 11
and 11I Class 1lE systems. Normally two divisions are fed from the normal
preferred power source and the remaining division is fed from the alternate
preferred power source. Both feeders are used during normal plant operation to
prevent simultaneous de-energization of all divisional buses on the loss of
only one of the offsite power supplies. The transfer to the other preferred
feeder is manual. During the interim, power is automatically supplied by the
diesel generators.

The redundant Class lE electrical divisions (Divisions I, 11, and 111) are
provided with separate onsite standby ac power supplies, electrical buses,
distribution cables, controls, relays and other electrical devices. Redundant
parts of the system are physically separasted and electrically independent to
the extent that in any design basis event with any resulting loss of equipment,
the plant can still be shut down with the remaining two divisions. Independent
raceway systems are provided to meet cable separation requirements for
Divisions I, 11, and 111,

Divisions 1, II, and III standby ac power supplies have sufficient capacity
to provide power to all their respective loads. Loss of the normal preferred
power supply, as detected by 6.9Kv Class 1E bus under-voltage relays, will
cause the standby power supplies to start and connect automatically, in
sufficient time to safely shut down the reactor or limit the consequences of a
design basis accident (DBA) to acceptable limits and maintain the reactor in a
safe condition. The standby power supplies are capable of being started and
stopped manually and are not stopped automatically during emergency operaticn
unless required to preserve integrity. Automatic start will alse occur on
receipt of a level 1 1/2 signal (HPCF initiate). level 1 signal (RHR initiate)
and high drywell pressure.

The Class 1E .9Kv Divisions I, 11, and 111 switchgear buses, and
associated 6 .9Kv diesel generators, 480 Vac distribution systems, 120 Vac and
125 Vdc power and control systems conform to Seismic Category 1 requirements.
This equipment is housed in Seiswic Category I structures except for some
control sensors associated with the Reactor Protection System [see 9A.5.5.1],
and the Leak Detection Systew [see 94.5.5.7]. Seismic Qualification is in
accordance with 1EEE Standard 344, (See Section 3.10)

8.1.3.1.1.2 sSafety System Logic and Control Power Supply System Design Bases
In order to provide redundant, reliable power of acceptable quality and

availability to support the safety logic and control functions during normal,

abnormal and accident conditions, the following design bases apply:

(1) SSLC power has four separate and independent Class lE inverter constant

voltage constant frequency (CVCF) power supplies each backed by separate
Class lE batteries.
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(2) Provision is made for automatic switching to the alternate bypass supply
from its respective division in case of a failure of the inverter power
supply. The inverter power supply is synchrenized in both frequency and
phase with the alternate bypass supply, so that unacceptable voltage spikes

will be avoided in case of an automatic transfer from nermal to alternate
supply. The SSLC uninterruptiblie power supply complies with IEEE Std. 944&.

£.1.3.1.1.3 Controls and Indication
The ABWR electrical system design provides controls and indicators inm

accordance with IEEE 308 guidelines. The specific design bases are described
as follows:

1. The ABWR electrical system provides controls and indicators in the main
control room.

:
2. The design provides for control and indication outside the main control !
room for; |

a. Circuit breakers that switch Class 1E buses between the preferred and '
standby power supply,

b. The standby power supply, and

¢. Circuit breakers and other equipment as required for safety systems rhat
must function to bring the plant to & safe shutdown condition,

3. Operational status informatiom is provided for Class lE power systems. :

4, Class 1E power systems required to be controlled from outside the main i
control room alse have operational status information provided outside the !
central control room at the equipment itself, or at its power supply, or at :
an alternate central location. :

5. The operator is provided with accurate, complete, and timely information
pertinent to the status of the execute features in the control room.

|
I
|
6. Indication is provided in the control room of protective actions and *
execute features unavailability. |

1

|

]

7. Electric power systems and equipment has the capability of being
periodically tested.

£. Testability of electrical systems and equipment is not so burdensome ;
operationally that required testing intervals cannot be included. |
l

8.1.3.1.2 Regulatory Requirements

The following list of criteria is addressed in accordance with Table 8.1-1 ;
which is based on Table 8-1 of the Standard Review Plan. In general, the ABWR ;
is designed in accordance with all criteria. Any exceptions or clarifications !
are so noted. i

8.1.3.1.2.1 General Design Criteria
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(1) GDC 2 - Design Bases for Protection against Natural Phenomena;
(2) GBC 4 - Envirormental and Dynamic Effects Design Bases;
(3) GDC 5 - Sharing of Structures, Systems and Components;

The ABWR is a single-unit plant design. Therefore, this GDC is not
applicable.

{(4) GDC 17 - Electric Power Systems;

(5) GDC 18 - Inspection and Testing of Electrical Power Systems;
(6) GDC 50 - Containment Design Bases.

8.1.3.1.2.2 NRC Regulatory Guides

(1) RG 1.6 - Independence Between Redundant Standby (Onsite) Power Sources and
Between Their Distribution Systems;

(2) RG 1.9 - Selection, Design and Qualification of Diesel generator Units
Used as Standby (Onsite) Electric Power Systems at Nuclear
Power Plants;

{(3) RG 1.32 - Criteria for Safety-Related Electric Power Systems for Nuclear
Power Plants;

Functional operation of fuses cannot be periodically tested and is exempt
from such requirements per Section 4.1.7 of 1EEE 741. However, periodic
inspection for continuity, correct size, etc., shall be performed.

(4) RG 1.47 - Bypassed and Inoperable Status Indication for Nuclear Power
Plant Safety Systems;

{(5) RGC 1.63 - Electric Penetration Assemblies in Containment Structures for
Light-Water-Cooled Nuclear Power Plants;

{6) RGC 1.75 - Physical Independence of Electric Systems;

Isolation between Class 1E power supplies and non-Class 1E loads is |
discussed in Subsection 8.3.1.1.1.

(7) RG 1.81 - Shared Emergency and Shutdown Electric Systems for Multi-Unit |
Ruclear Power Plants; :

The ABWR is designed as a single-unit plant. Therefore, this Regulatory |
Guide is not applicable. :

(8) RG 1.106 - Thermal Overload Protection for Electric Motors on |
Motor-Operated Valves;

(9) RG 1.108 - Periodic Testing of Diesel Cenerator Units Used as Onsite f
Electric Power Systems at Nuclear Power Plants;
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(3)
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{5)
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(1)

RG 1.118- Periodic Testing of Electric Power and Protection Systems:

RGC 1.128- 1Installation Design and Installation of Large Lead Storage

Batteries for Nuclear Power Plants;

RG 1.129- Maintenance, Testing, and Replacement of Large Lead Storage

Batteries for Nuclear Power Plants;

RG 1.153- Criteria for Power, Instrumentation. and Control Portions of

Safety Systems;

Functional operation of fuses cannot be periodically tested and is

exempt from such requirements per Section 4.1.7 of 1EEE 741. However,

periodic inspection for continuity, correct size, etc., shall be
performed.

RGC 1.155- Station Blackout
(See Appendix 1C)
3.1.2.3 Branch Technical Positions

BTP ICSB 4 (PSB) - Requirements on Motor-Operated Valves in the ECCS
Accumulator Lines;

This BTP is written for Pressurized Water Reactor (PWR) plants only and is

therefore not applicable to the ABWR.
BTP ICSB B (PSB) - Use of Diesel generator Sets for Peaking:

The diesel generator sets are not used for peaking in the ABWR design.
Therefore, this criteria is satisfied.

BTP I1CSB 11 (PSB) - Stability of Offsite Power Systems;

BTP ICSB 18 (PSB) - Application of the Single Failure Criterion to
Manually-Controlled Electrically-Operated Valves;

BTP ICSE 21 - Guidance for Application of Regulatory Cuide 1.47;

BTP PSB 1 - Adequacy of Station Electric Distribution System Voltages;
{See Subsection £.3.1.1.7 (%))

BTP PSB 2 - Criteria for Alarms and Indications Associated with
Diesel-Generator Unit Bypassed and Inoperable Status;

3.1.2.4 Other SRP Criteria

NUREG/CR 0660 - Enhancement of Onsite Diesel Cenmerator Reliability;

Operating procedures and the training of personnel are outside the scope of
the ABWR Standard Plant. NUREG/CR 0660 is therefore imposed as COL license

information. (See Subsection 8.1 .4.1).
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(2) ™I Action Item 11.E.3.1. - Emergency Power Supply for Pressurizer Heater:
This criteria is applicable only to PWRs and does not apply to the ABWR.
(3) TM1 Action Item 11.G.1-Emergency Power for Pressurizer Equipment;
This criteria is applicable only to PWRs and does mot apply to the ABWR.
8.1.4 COL License Information
8.1.4.1 Diesel Generator Reliability

RUREG/CR 0660 pertaining to the enhancement of onsite diesel generator
reliability through operating procedures and training of personnel will be
addressed by the COL applicant (see Subsection 8.1.3.1.2.4(1)).

8.1.5 References

1EEE Std 944, Recommended Practice for the Application and Testing of
Uninterruptible Power Supplies for Power Generating Stations.

8.2 OFFSITE POWER SYSTENS
8.2.1 Description
8.2.1.1 Scope

This section provides a description of the design and performance
requirements for the offsite power system. The offsite power system, as
defined in the USNRC Standard Review Plan Section 8.2, consists of the
following:

{Applicant Scope)

a) The offsite transmission system [including the tie lines to the
switchyard(s))

b} The plant switchyard(s),

¢) The separated switching stations,

d) The high voltage tie lines from the switching stations to the main power
transformers, and to the reserve asuxiliary transformer,

e¢) The main step-up power transformers,

f) The reserve auxiliary transformer,

(ABWR Standard Plant Scope)

g) The three unit auxiliary transformers,

n) The plant main generator,

i) The combustion turbine generator,

j) The isolated phase buses from the main power transformer to the main
generator circuit breaker, and to the unit auxiliary transformers,

k) The main generator circuit breaker,

1) The non-segregated phase buses from the unit auxiliary transformers to
the input terminals of the medium voltage (6.9 kV) switchgear,
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m) The non-segregated phase bus and power cables from the reserve auxiliary
transformer to the input terminals of the non-safety related and
safety-related medium voltage (6.9 kV) switchgear, and

n) The power cables from the combustion turbine generator to medium voltage
(6.9 kV) switchgear, including the disconnect and intercomnecting bus.

The design scope for the standard plant ends at the low voltage terminals
of the main power transformer and the low voltage terminals of the reserve
auxiliary transformer. Although the remainder of the offsite power system is
not in the scope of the standard plant design, the standard plant design is
based on a power system which meets certain design concepts. Design bases
(10CFR Part52 interface requirements) consistent with these concepts are
included in Section 8.2.3. Meeting the stated design bases will ensure that
the total power system design is consistent and meets all regulatory
requirements.

The portions of the offsite power system which fall under the design
responsibility of the COL applicant will be unique to each COL application. It
is the responsibility of all concerned parties to insure that the total
completed design of equipment and systems falling within the scope of this SSAR
section be in line with the description and requirements stated in this SSAR.
See Section 8.2 4 for a detailed listing and description of the COL license |
information. :

:

8.2.1.2 Description of Offsite Power System

The offsite electrical power system components within the scope of the
applicant include items a) through f) identified in Subsection 8.2.1.1. The |
remaining items g) through n) are within the scope of the ABWR standard plant
design.

When used for normal operation, each preferred power supply will be sized
to supply the maximum expected coincident Class lE and non-Class lE loads.

The normal and alternate preferred power circuits are designed in
accordance with industry-recommended practice in order to minimize the
likelihood that they will fail while operating under the environmental
conditions (such as, wind, ice, snow, lightning, temperature variations, or
flood), to which they are subject.

Air cooled isolated phase bus duct rated 36kA is provided for a power feed
to the main power transformer and unit auxiliary transformers from the main
generator.

A generator circuit breaker is provided in the isclated phase bus duct at |
an intermediate location between the main generator and the main power :
transformer. The generator circuit breaker provided is capable of interrupting
& maximum fault current of 275kA symmetrical and 340kA asymmetrical at 5 cycles
after initiation of the fault. This corresponds to the maximum allowable
interface fault current specified in Section €.2.3. The main generater circuit
breaker allows the generator to be taken off line and the main grid to be
utilized as a power source by backfeeding to the unit auxiliary transformers
and their loads, both Class 1E and non-Class 1E. This is also the start-up
power source for the unit.
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Unit synchronization will normally be through the main generator circuit
breaker. A coincidental three-out-of-three logic scheme and synchro-check
relays are used to prevent faulty synchronizations. Dual trip coils are
provided on the main generator circuit breaker and control power is supplied
from redundant load groups of the non-Class 1E onsite 125V DC power system.

It is a design bases requirement that synchronization be possible through
the switching station’'s circuit breakers (See Section 8.2.3).

There are three unit auxiliary transformers. Each transformer has three
windings and each transformer feeds one Class lE bus directly, two non-Class lE
buses directly, and one non-Class 1lE bus indirectly through a non 1E to non 1E
bus tie. The medium voltage buses are in a three load group arrangement with
three non-Class 1E buses and one Class 1E bus per load group. Each unit
auxiliary transformer has an oil/air rating at 65 degrees centigrade of 37.5Mva
for the primary winding and 18.75Mva for each secondary winding. The forced
air/forced oil (FOA) rating is 62.5 and 31,25/31.25Mva respectively. The
normal loading of the six secondary windings of the transformers is balanced
with the heaviest loaded winding carrying a load of 17.7Mva The heaviest
transformer loading occurs when one of the three unit auxiliary transformers is
out of service with the plant operating at full power. Under these conditions
the heaviest loaded winding experiences a load of 21.6Mva, which is about two
thirds of its forced air/forced oil rating.

Disconnect links are provicad in the isolated phase bus duct feeding the
unit auxiliary transformers so that any single failed transformer may be taken
out of service and operation continued on the other two unit auxiliary
transformers. One of the buses normally fed by the failed transformer would
have to be fed from the reserve auxiliary transformer in order to keep all
reactor intermal pumps operating so as to attain full power. The reserve
auxiliary transformer is sized for this type of service.

One, three-winding 37.5MVA reserve auxiliary transformer provides power as
an alternate to the "Normal Preferred” power. One of the equally rated
secondary windings supplies reserve power to the nine (three through
cross-ties) non-Class 1E buses and the other winding supplies reserve power to
the three Class 1E buses, The combined load of the three Class 1E buses is
equal to the oil/air the rating of the transformer winding serving them. This
is equal to 60 of the forced air/forced oil rating of the transformer winding.
The transformer is truly a reserve transformer because unit startup is
accomplished from the normal preferred power, which is backfed over the main
power circuit to the unit auxiliary transformers. The reserve auxiliary
transformer serves no startup function. The operational configurations are
such that the FOA ratings of the reserve auxiliary transformer, or any unit
auxiliary transformer, will not be exceeded under any operating mode.

The unit auxiliary transformers and the reserve asuxiliary transformer are
designed with sufficient capacity and capability to limit the voltage variation
of the onsite power distribution system to plus or minus 10 percent of load
rated voltage during all modes of steady state operation and a voltage dip of
no more than 20 percent during motor starting.

The unit auxiliary transformers are designed and constructed to withstand
the mechanical and thermal stresses produced by external short circuits. 1In
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addition, these transformers meet the corresponding requirems.nts of the latest
revisions of ANS1 Standard C57.12.00. [See 8.2.3(8) for COL requirements on
the main step-up transformers and the reserve auxiliary transformer.] See
£8.2.3(10) for COL requirements on the high-voltage circuit breakers and
disconnect switches. |

Offsite system circuits derive their contrel, protection, and instrument DC
power from non-Class 1E DC sources in the same non-Class 1E load group, and are
independent of the Class 1E DC sources.

8.2.1.3 Separation

The location of the maitr power transformer, unit auxiliary transformers,
and reserve auxiliary transformer are shown on Figure £8.2-1. The reserve
auxiliary transformer is separated from the main power and unit auxiliary
transformers by a minimum distance of 15.24 meters (50 feet). It is a
requirement that the 15.24 meters (50 foot) minimum separation be maintained
between the switching stations and the incoming tie lines. The transformers
are provided with oil collection pits and drains to a safe disposal area

Reference is made to Figures 8 3-1 for the single line diagrams showing the
method of feeding the loads. The circuits associated with the alternate
offsite circuit from the reserve auxiliary transformer to the Class 1E busses
are separated by walls or floors, or by at least 15.24 meters (50 feet), from
the main and unit auxiliary transformers. The circuits associated with the
normal preferred offsite circuit from the unit auxiliary transformers to the
Class 1E busses are separated by walls or floors, or by at least 15.24 meters
(50 feet), from the reserve auxiliary transformer. Separation of the normal
preferred and alternate preferred power feeds is accomplished by floors and
walls over their routes through the turbine, control and reactvor buildings
except within the switchgear rooms where they are routed to opposite ends of
the same switchgear lineups.

The normal preferred feeds from the unit suxiliary transformers are routed
around the outside of the turbine building in an electrical tunnel from the
unit auxiliary transformers to the turbine building switchgear rooms as shown
on Figure 8.2-1. (An underground duct bank is an acceptable alternate.) From
there the feeds to the reactor building exit the turbine building and continue
across the roof on the Divisions I and 111 side of the control building (Figure
8.2-1, Sheet 3). They drop down the side of the control building in the space
between the control and reactor buildings where they enter the reactor building
and continue on through the Divisions I and III side of the reactor building to
the respective Class 1E switchgear rooms in the reactor building.

The alternate preferred feeds from the reserve auxiliary transformer are
routed inside the turbine building. The turbine building switchgear feed from
the reserve auxiliary transformer is routed directly to the turbine building
switchgear rooms. The feed to the control building is routed in corridors
outside of the turbine building switchgear rooms. It exits the turbine
building and crosses the control building roof on the opposite side of the
contrel building from the route for the normal preferred power feeds. The
steam tunnel is located between the normal preferred feeds and the alternate
preferred feeds across the stepped roof of the control building. The alternate
preferred power feed turns down between the control and reactor building and
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enters the reactor building on the Division Il side of the reactor building.
From there it continues on to the respective switchgear rooms in the reactor
building.

Instrument and control cables associated with the normal preferred power
distribution are separated [i.e., by 15.24 meters (50 feet), or by walls or
floors| from the instrument and control cables associated with the alternate
preferred power distribution; with exception of the circuits in the control
room, and the interloch circuitry required to prevent paralleling of the two
offsite sources. However, these circuits are electrically isclated and
separated to the extent practical. The reserve auxiliary transformer power,
instrument and control cables do not share raceways with any other cables.

The instrumentatiou and control cables for the unit auxiliary translormers
and the main generator circuit breaker may be routed in the raceways
corresponding to the load group of their power source.

Feeder circuit breakers from the unit auxiliary and reserve auxiliary
transformers to the medium voltage (6.9 kV) switchgear are interlocked to
prevent paralleling the normal and alternate power sources. With exception of
these interlocks, there are no electrical interconnections between the
instrument and control circuits associated with the normal preferred circuits,
and those of the alternate preferred circuits.

Class 1E rotating equipment, which could produce potential missile hazards,
are not located in the same rooms as feeder circuits from the offsite to the
Class 1E busses, unless protective barriers are installed to preclude possible
interaction between offsite and onsite systers.

A combustion turbine generator (CTG) surplies standby power to the
non-Class 1E buses which supply the non-Class 1E plant investment protection
(PIP) loads. It is a 9MV rated self-contained unit which is capable of
operation without external auxiliary systems. Although it is located on site,
it is treated as an additional ofi{site source in that it supplies power to
multiple load groups. In addition, manually controlled breakers provide the
capability of connecting the combustion turbiane generator to any of the
emergency buses if all other AC power sources are lost.

In this way, the CTC provides a second "offsite" power source to any Class
1E bus being fed from the reserve auxiliary transformer while the associated
unit auxiliary transformer is out of service.

The combustion turbine generator (CTG) is located in the turbine building,
and is shown on Figure 8.2-1, Sheet 2. The CTC standby power feed and
instrument and control cables for the turbine ouilding are routed directly to
the switchgear roome in the turbine building. The power feeders and instrument
and control cables to the reactor building are routed adjacent to the alternate
preferred feeds across the control and reactor buildings.

8.2.2 Analysic

In accordance with the NRC Standard Review Plan (NUREG 08B00), Table B-1 and
Section 8.2, the offsite power distribution system is designed consistent with
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8.2.

(1)

(2)

(3)

{4)

following criteria, so far as it applies to the non-Class 1E equipment.
exceptions or clarifications are so noted.

2.1 General Design Criteria
GDC 5 and RG 1.81 - Sharing of Structures, Systems and Components;

The ABWR is a single unit plant design. Therefore, these criteria are not
applicable.

GDC 17 - Electric Power Systems;

Each circuit of the preferred power supply is designed to provide
sufficient capacity and capability to power equipment required to ensure
that: 1) Fuel design limits and design conditions of the reactor coolant
pressure boundary will net be exceeded as & result of anticipated
operational occurrences, and 2) In the event of plant design-basis
accidents, the core will be cooled, and conta‘ument integrity and other
vital functions will be maintained.

As shown in Figure 8.3-1, each of the Class 1E divisional 6.9 kV M/C buses
can receive power from multiple sources. There are separate utility feeds
from the station transmission system (via the main power transformer and
the reserve auxiliary transformer). The unit auxiliary transformer output
power feeds and the reserve auxiliary transformer output power feeds are
routed by two completely separate paths through the yard, the turbine
building, control building and reactor building to their destinations in
the emergency electrical rooms. Although these preferred power sources are
non-Class 1E, such separation assures the physical independence
requirements of GDC 17 are preserved.

The transformers are provided with separate oil collection pits and drains
a safe disposal area. Separation of offsite equipmert is discussed in
-.4.1.3. The plant fire protection system is discussed in 9.5.1.

GDC 18 - Inspection and Testing of Electri~al Power Systems;

All equipment can be tested, as necessary, to assure continued and safe
operation of the plant. For equipment which cannot be tested during plant
operation, the reliability will be such that testing can be performed
during plant shutdown (for example, the main genmerator circuit brzaker).
See 8.2.4 for COL license information.

Isolated and non-segregated phase bus ducts provide access for inspection
and maintenance. They also have provisions for excluding debris and
fluids, and for draining condensates.

The ABWR is designed to provide testing and/or verification capability as
described above, including the items identified in 8.2.4.1).

RG's 1.32, 1.47, and BTP ICSB 21;

These distribution load groups are non-Class 1E and non-safety related.
Therefore, this criteria is not applicable.
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(5) RG 1.153--Criteria For Power, Instrumentation and Control Portions of
Safety Systems

(6) RG 1.155--Station Blackeout

(See Appendix 1C)
(7) BTP 1CSB 11 (PSB) - Stability of Offsite Power Systems;
(8) Appendix A to SRP Section 8.2

It is a requirement that the design, testing and installation of the main [
generator circuit breaker meet the specific guidelines of this appendix,
therefore compliance with the appendix is assured.

(9) 1EEE Std 765, 1EEE Standard for Preferred Power Supply for Nuclear Powered
Generating Stations

It is a requirement that the total design provided by GE and the applicant
meet the requirements of this 1EEE standard as modified by the specific
additional requirements and explanatory statements in Table 8.2-1. The
additional requirements are more restrictive than the requirements which
they replace or modify from the 1EEE staniard. Any stated requirements in
the SSAR which are in conflict with the requirements stated in this
standard take precedence over the requirements of the standard.

8.2.3 Interface Requirements

The interface point between the ABWR design and the COL applicant design
for the main generator output is at the connection of the isolated phase bus to
the main power transformer low voltage terminals. The rated conditions for this
interface is 1500 MVA at a power faccor of 0.9 and a voltage of 26.325 kV plus
or minus 10 per cent. It is a requirement that the COL applicant provide
sufficient impedance in the main power transformer and the high voltage circuit
to limit the primary side maximum available fault current contribution from the
system to no more than 275 kA symmetrical and 340 kA asymmetrical at 5 cycles
from inception of the fault. These values should be acceptable to most COL
applicants. When all equipment and system parameters are known, a refined
calculation based on the known values with a fault located at the generator
side of the generator breaker shall be made to determine the optimal impedance
for the main transformer.

The second power scope split interface occurs at the low voltage terminals
of the reserve guxiliary transformer. The rated load is 37.5 MVA at a 0.9
power factor. The voltage and frequency will be the COL applicants standard
with the actual values to be determined at contract award. Tolerances on the
transmission lines are plus or minus 10 per cent of nominal for voltage and
plus or minus 2 per cent of nominal for frequency. Frequency may vary plus or
minus 2 cycles per second during periods of recoverable system instability.
When coordinated with the design of the reserve auxiliary transformer, the
transmission line shall support a maximum allowable voltage dip of 20 percent
during the starting of large motors.
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Protective relaying scope split interfaces for the two power system

interfaces are to be defined during the detail design phase following contract
award.

The standard design of the ABWR is based on certain assumptions concerning

the design bases which shall be met by the COL applicant in designing the
portion of the offsite power system in his scope, as defined in Section

8.2.

1.1. Those design bases assumptions are listed here which the COL

applicant shall meet.

(1)

(2)

(3)

(4)

(3)

(6)

In case of failure of the normal preferred power supply , the alternate
preferred power should remain available to the reserve auxiliary
transformer.

Voltage variations of the transmission system shall be no more than plus or
minus 10 percent of their nominal value during normal steady state
operation.

The normal steady state frequency of the transmission system shall be
within plus or minus 2 cycles per second of 60 cycles per second during
recoverable periods of system instability,

The site specific configuration of the incoming transmissicon lines shall be
analyzed to assure that the expected availability of the offsite power is
as good as the assumptions made in performing the plant probability risk
analysis (see item 5.1.2 of Table 8.2-1, and Chapter 19).

The main and reserve offsite power circuits shall be connected to switching
stations which are independent and separate. They shall be connected to
different transmission lines. The offsite transmission line to the main
power switching station, the main power switching station, the tie lines
from the main power switching station to the main power transformer and the
main power transformer shall be separated by a minimum of 15.24 meters (50
feet) from the offsite transmission line to the reserve power switching
station, the reserve power switching station, the tie lines from the
reserve power switching station to the reserve auxiliary transformer, and
the reserve auxiliary transformer. The output feeders of the reserve
auxiliary transformer to the medium volitage (6.9 kV) switchgear shall be
separated from the output of the main power and unit auxiliary transformers
by & minimum of 15.24 meters (50 feet) outside the turbine building or as
described in Section 8.2.1.3. Instrument and control circuits of the main
and reserve power systems shall be separated in the same mamner as the
power feeders. The switching stations may be in the same switchyard or
separate switchyards provided the required minimum separation is
maintained.

The switching station to which the main offsite power circuit is connected
shall have at least two full capacity main buses arranged such that:

(a) Any incoming or outgoing transmission line can be switched without
affecting another line;

(b) Any single circuit breaker can be isclated for maintenance without
interrupting service to any circuit;
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(7

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(c; Faults of a single main bus are isolated without interrupting service
te any circuit,

The main power transformer shall be three normally energized single-phase
transformers with an additional installed spare. Provisions shall be made
te permit connecting and energizing the spare transformer in no more than
12 hours following a failure of one of the normally energized transformers.

The main transformers and the reserve auxiliary transformer shall be
designed to meet the requirements of ANSI Standard C57.12.00, General
Requirements for Liguid-lmmersed Distribution, Power and Regulating
Transformers.

Transformers shall be provided with separate oil cellection pits and drains
to a safe disposal area, and shall be provided with fire protection deluge
systemes as specified in Section 9A .4 6. Trsnsformers shall also be
provided with lightning protection syvstems and grounded to the plant
grounding grid.

Circuit breakers and disconnect switches shall be sized and designed in
accordance with the latest revision of ANSI Standard C37.06, Preferred
Ratings and Related Capabilities for AC High-Voltage Circuit Breakers
Rated on a Symmetrical Current Basis.

Although unit synchronization is normally through the main generator
circuit breaker, provisions shall be made teo synchronize the unit
through the switching station’'s circuit breakers. This makes it
possible to re-synchronize with the system following & load rejection
within the steam bypass capability of the generating unit.

All relay schemes used for protection of the offsite power circuits and
of the svitching station's equipment shall be redundant and include
backup protection features. All breakers shall be equipped with dual
trip coils. Eack redundant protection circuit which supplies a trip
signal shall be connected to a separate trip coil. All equipment and
cabling associated with each redundant system shall be physically
separated.

The dc power needed to operate redundant protection and control
equipment of the offsite power system shall be supplied from two
separate, dedicated switching station batteries, each with a battery
charger fed from a separate ac bus. Each battery shall be capable of
supplying the dc power required for normal operation of the switching
station's equipment. Each charger shall be capable of supplying the
required loads while recharging its battery.

Two redundant low voltage ac power supply systems shall be provided to
supply ac power to the switching station's auxiliary loads. Each systen
shall be supplied from separate, independent ac buses. The capacity of
each system shall be adequate to meet the ac power requirements for
normal operation of the switching station’'s equipment.
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(15)

(16}

8.2.4

Each transformer shall have primary and backup provective devices. DC
power to the primary and backup devices shall be supplied from separate
dc sources,

The requirements of IEEE Std 765, Preferred Power Supply for Nuclear
Cenerating Stations, as modified by Section 8.2.2.1(9) of this SSAR
shall be met.

COL License Information

8.2.4.1 Periodic Testing of Offsite Equipment

Appropriate plant procedures shall include periodic testing and/or
verification to ensure the following:

(1)

(2)

(3)

(4)
(3)
(6)

(7)

(8)

The normal and alternate offsite power circuits are energized and
connected to the appropriate Class 1E distribution system division at
least once every 12 hours.

The instrumentation, control, and protection systems, equipment, and
components associated with the normal and alternate offsite preferred
circuits are properly calibrated and perform their required
functions.

The required Class lE and non-Class lE loads can be powered from
their designated preferred power supply within the capacity and

capability margins specified in the SSAR for the offsite system

circuits.

The loss of the offsite preferred power supply can be detected.
Switching between preferred power supplies can be accomplished.

The batteries and chargers associated with the preferred power system
can meet the requirements of their design loads.

The generator breaker can open on demand. (Note: The breaker's
actual opening and closing mechanisms are inherently confirmed during
the shutdown and synchronizing processes. Trip circuits shall be
periodically verified during shutdown periods while the breaker is
open. )

Isolated and non-segregated phase bus ducts are inspected and
maintained such that they are clear of debris, fluids, and other
undesirable materials. Also, terminals and insulators are inspected,
cleaned and tightened, as necessary.

The test and inspection intervals will be established and maintained
according to the guidelines of 1EEE 338-1977, Section 6.5, as appropriate for
non-Class 1E systems [i.e., Items (4) and (7) of Section 6.5.1 are not
applicable].

8.2.4.2 Procedures when a Reserve or Unit Aux. Transformer is Out of Service
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Appropriate plant operating procedures will be imposed whenever the Reserve
Auxiliary Transformer is out of service.

When a Unit Auxiliary Transformer is out of service such that only the
alternate offsite source is available to the downstream Class 1E bus,
appropriate plant operating procedures will be imposed unless all of the
following conditions coexist:

(1) The combustion turbine generator (CTG) is available,

(2) The bus arrangement is aligned such that the CIG can serve as a
backup ‘offsite’ power source to the affected Class 1lE bus, and

(3) Both of the remaining Class 1E buses are functional and have access
to both the normal and alternate offsite sources.

8.2.4.3 0Offsite Power Systems Design Bases

Interface requirements for the COL applicant offsite power systems design
bases are provided in Subsection 8.2.3.

8.2.4.4 Offsite Power Systems Scope Split

Interface requirements for the COL applicant pertaining to offsite power
systems scope split are provided in Subsection 8.2.3.

8.2.5 Conceptual Design

The conceptual design consists of two separated offsite transmission lines
and switching stations as described in 8.2.1.1, with interface requirements
defined in 8.2.3.

8.2.6 References

(1) ANSI Std C37.06, Preferred Ratings and Related Capabilities for AC
High-Voltage Circuit Breakers Rated on & Symmetrical Current Basis.

(2) ANSI Std (€57.12.00, General Requirements for Liquid-Immersed Distribution,
Power and Regulating Transformers.
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Table 8.2-1
ADDITIONAL REQUIREMENTS
IEEE STD 765

1EEE STD765 Reference

4.1 General

4.2 Safety Classification

4.5  Availability

5.1.2 Transmission System
Reliability

5.1.3 Transmission System
Independence

2.1.3.%

5.1.8,8

5.3.2 Class 1E Power System
Interface Independence

5.3.3 Connections with Class 1E

$.3.3.2

$.3.3.3
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SSAR Figure B.3-1 should be used as the
reference single line instead of the IEEE
Std example, Figures 2, (a), (b) and (c).

The separation criteria called for in
Subsection 8.2.1.3 must be met.

The ABWR design utilizes direct connection
of the two preferred power circuits to the
Class 1E buses.

Additional analysis is required per
Section 8.2.3(4)

Specific requirements for tolerance to
equipment failures are stated in the SSAR
and must be met.

Since a separation of at least 50 feet is
required for the exposed circuits, a
common takeoff structure cannot be used.

(See comments above for 5.1.3.3)

Systems

Automatic dead-bus transfers are used to
transfer from the preferred power supply
to the onsite AC source. Manual dead-bus
transfers are used between preferred power
supplies, and to transfer from the onsite
source back to the preferred power supply.
Automatic live-bus transfers are not
required and are not used.

Only standby power sources may be
paralleled with the preferred power
sources tor load testing. The available
fault current must be less than the rating
of the breakers. It is not reguired and
not allowed for the normal and alternate
preferred power supply breakers for a bus
to be closed simultaneously so there is no
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time that the available fault current at a
bus exceeds the equipment rating.

7.0 Multi-Unit Considerations The ABWR is & single unit design,
therefore there is no sharing of preferred
power supplies between units.

8.3 ONSITE POWER SYSTEMS
(See 8.3.3 for information generally applicable to all onsite power equipment.)
8.3.1 AC Power Systems

The onsite power system interfaces with the offsite power system at the
input terminals to the supply breakers for the normal and alternate power feeds
to the medium voltage (6.9kV) switchgear. It is a three load group system with
each load group consisting of a non-Class lE and a Class 1E portion. The three
load groups of the Class lE power system (i.e., the three divisions) are
independent of each other. The principal elements of the auxiliary ac electric
power systems are shown on the single line diagrams (SLD) in Figures 8.3.1
through 8,3-3.

Each Class 1E division has a dedicated diesel generator, which
automatically starts on high drywell pressure, low reactor vessel level or loss
of voltage on the division’s 6.9 kV bus, Each 6.9-kV Class 1E bus feeds it's
associated 4BOV unit substation through a 6.9-kV/ 480/277V power center
transformer.

Standby power is provided to permanent non-Class 1lE loads in all three load |
groups by a combustion turbine generator located in the turbine building. |

AC power is supplied at 6.9KV for motor loads larger than 300KW and
transformed to 480 V for smaller loads. The 480V system is further transformed
into lower voltages as required for instruments, lighting, and controls. In
general, motors larger than 300KW are supplied from the 6.9KV buses. Motors
300KW or smaller but larger than 100KW are supplied power form 480V switchgear.
Motors 100KW or smaller are supplied power from 480V motor control centers.

See Subsection B8.3.4.9 for COL license information

6.3.1.0 Non-Class 1lE AC Power System

£.3.1.0.1 Non-Class 1E Medium Voltage Power Distribution System
The non-Class 1E medium voltage power distribution system consists of nine

6.9KV buses divided into three load groups. The three load group configuration

was chosen to match the mechanical systems which are mostly three trains (Three

feedwater pumps, three circulating water pumps, three turbine building supply

and exhaust fans). :
Within each load group there is one bus which supplies power production

loads which do not provide water to the pressure vessel. Each one of these
buses has access to power from one winding of its assigned unit auxiliary
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transformer. It also has access to the reserve auxiliary transformer as an
alternate source if its unit auxiliary transformer fails or during maintenance
outages for the normal feed. Bus transfer between preferred power sources is
manual dead bus transfer and not automatic.

Another bus within each load group supplies power to pumps which a: :
capable of supplying water to the pressure vessel during normal power operation
(i.e., the condensate and feedwater pumps). These buses normally receive power
from the unit auxiliary transformer and supply power to the third bus [plant
investment protection (PIP)] in the load group through a cross-tie. The
cross-tie automatically opens on loss of power but may be manually re-closed if
it is desired to operate a condensate or feedwater pump from the combustion
turbine or the reserve auxiliary transformer which are connectable to the PIP
buses. This cross-tie arrangement allows advantage to be taken of the fact
that the feedwater pumps are motor driven through an adjustable speed drive so
that they have low starting currents and can be started and run at low power.
The combustion turbine and reserve auxiliary transformer have sufficient
capacity to start either or both of the reactor feedwater and condensate pumps
in a load group. This provides three load groups of non-safety grade eguipment
in addition to the divisional Class 1E load groups which may be used to supply
water to the reactor vessel in emergencies.

A third bus supplies power to permanent non-safety loads such as the
turbine building HVAC, the turbine building service water and the turbine
biilding closed cooling water systems. On loss of normal preferred power the
cross-tie to the power production bus is automatically tripped open and the
permanent non-Class 1E bus is automatically transferred {(two out of the three
buses in the load groups transfer) via a dead bus transfer to the combustion
turbine which automatically starts on loss of power. The permanent service
systems for each load group automatically restart to support their load groups.

The buses are comprised of metal clad switchgear rated for 7.2KV 500MVA
with a bus full load rating of 2000A. Maximum calculated full load short time
current is 1700A. Bus ratings of 3000 amperes are available for the switchgear
as insurance against future load growth, if necessary. The required
interrupting capacity is 41,000 amperes.

The 6.9kV buses supply power to adjustable speed drives for the feedwater
and reactor internal pumps. These adjustable speed drives are designed to the
requirements of IEEE Std 519, Guide for Harmonic Contrel and Reactive
Compensation of Static Power Converters. Voltage distortion limits are as
stated in Table 4 of the 1EEE Std.

8.3.1.0.2 Non-Class 1E low Voltage Power Distribution System

Power for the 480V auxiliaries is supplied from power centers consisting of
6. 9KV /480 volt transformers and associated metal-clad switchgear (see Figure
B.3-1). There are six non-Class 1E, twe per load group, power centers. One
power center per load group is supplied power from the permanent non-safety bus
for the load group.

8.3.1.0.3 Non-Class 1E Vital AC Power Supply System
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The function of the non-Class 1E Vital ac Power Supply System is to provide
reliable 120V uninterruptible ac power for important non-Class lE loads that
are required for continuity of power plant operation. The system consists of
three 120V ac uninterruptible constant voltage, constart frequency (CVCF) power
supplies, each including a static inverter, ac and dc static transfer swvitches,
a regulating step-down transformer (as an alternate ac power supply), and a
distribution panel (Figure 8.2-3). The primary source of power comes from the
non-Class 1E ac motor control centers. The secondary source is the non-Class
1E 125 Vdc central distribution panels.

There are three automatic switching modes for the CVCF power supplies, any
of which may be initiated manually. First, the frequency of the output of the
inverter is normally synchronized with the input ac power. I1f the frequency of
the input power goes out of range, the power supply switches over to internal
synchronization to restore the frequency of its output. Switching back to
external synchronization is automatic and occurs if the frequency of the ac
power has been restored and maintained for approximately 60 seconds.

The second switching mode is from ac to dc for the power source. I1f the
veltage of the input ac power is less than 88% of the rated voltage, the input
is switched to the dc power supply. The input is switched back to the ac power
after a confirmation period of approximately 60 seconds.

The third switching mode is between the inverter and the voltage regulating
transformer. If any of the conditions listed below occur, the power supply is
switched to the voltage regulating transformer.

(a) Output voltage out of rating by more than plus or minus 10 per cent
(b) Output frequency out of rating by more than plus or minus 3 per cent
(¢) High temperature inside of panel

(d) Loss of control power supply

(e) Commutation failure

(f) Over-current of smoothing ccndenser

(g) Loss of control power for gate circuit

(h) Incoming MCCB trip

(i) Cooling fan trip

Following correction of any of the above events transfer back is by manual
initiation only.

8.3.1.0.4 Computer Vital AC Power Supnly System (Non-Class lE)
Two constant voltage and constant frequency power supplies are provided to
power the process computers. Each of the power supplies consists of an ac te

dc rectifier, and a dc to ac inverter, a bypass transformer and dc and ac
solid-state transfer switches (Figure 8.3-3, sheet 2). The normal feed for the
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power supplies is from non-Class 1lE power center supplied from the permanent
non-safety-related buses which receive power from the combustion turbine if
offsite power (s lost. The backup for the normal feeds is from the 250 Vdc
battery. Each power supply is provided with a backup ac feed though isolation

transformers and a static transfer switch. The backu, feed is provided for
alternate use during maintenance periods. Switching of the power supply is
similar to that described for the non-vital ac power supply system, above.
(See Subsection 8.3.1.0.3).

8.3.1.1 Class 1E AC Power Distribution System

8.3.1.1.1 Medium Voltage Class lE Power Distribution System

Class lE ac power loads are divided into three divisions (Divisions 1, 11,
and 111), each fed from an independent 6.9-kV Class 1E bus. During normal
operation (which includes all modes of plant operation; i.e,, shutdown,
re-fueling, startup, and run), two of the three divisions are fed from an
offsite normal preferred power supply. The remaining division shall be fed
from the alternate preferred power source (See Subsection 8.3.4.9).

Each 6.9 kV bus has a safety grounding circuit breaker designed to protect
personnel during maintenance operations (see Figure £.3-1). During periods
when the buses are energized, these breakers are racked cut (i.e., in the
disconnect position). A contrcl room annunciator sounds whenever any of these
breakers are racked in for service.

The interlocks for the bus grounding devices are as follows:
(1) Under-voltage relays must be actuated.
(2) Bus Feeder breakers must be in the disconnect position.
(3) Voltage for bus instrumentation ava lable.

Conversely, the bus feeder breakers '+ interlocked such that they cannot
close unless their associated grounding L:cakers are in their disconnect
positions.

Standby AC power for Class 1E buses is supplied by diesel generators at €.9
kV and distributed by the Class lE power distribution system. Division 1, Il
and 111 buses are automatically transferred to the diesel generators when the ;
normal preferred power supply to these buses is lost.

The Division I Class 1E bus supplies power to three separate groups of

non-Class 1E fine motion control rod drive (FMCRD) motors (see Figure 8 .3-1,

sheet 3). Although these motors are not Class 1E, the drives may be inserted

as a backup to scram and are of special importance because of this. It is :
important that the fire. available standby power be available for the motors,

therefore, a diesel supplied bus was chosen as the first source of standby ac

power and the combustion turbine supplied PIP bus as the second backup source.

Division I was chosen because it was the most lightly loaded diesel generator.

The load breakers in the Division 1 switchgear are part of the isolation
scheme between the Class 1E power and the non-Class 1E load. In addition to
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the normal over-current tripping of these load breakers, Class lE zone
selective interlocking is provided between them and the upstream Class 1E bus
feed breakers.

If fault current flows in the non-Class 1E load, it is sensed by the Class
1E current device for the load breaker and a trip blocking signal is sent to
the upstream Class 1E feed breakers  This blocking lasts for about 75
milliseconds. This allows the load bredker to trip in its normal instantaneous
tripping time cf 35 to 50 milliseconds, if the magnitude of the fault current
is high enough. This assures that the fault current has been terminated before
the Class 1E upstream breakers are free to trip. For fault currents of lesser
magnitude, the blecking delay will time out without either bus feeder or load
breakers trippirg, but the load breaker will eventually trip and always before
the upstream feeder breaker. This order of tripping is assured by the
coordination between the breakers provided by long-time pickup, long-time delay
and instantaneous pickup trip device characteristics. Tripping of the Class 1E
feed breaker is normal for faults which occur on the Class 1E bus it feeds.
Coordination is provided between the bus main feed breakers and the load
breakers.

The zone selective interlock is a feature of *he trip unit for the breaker
and is tested when the other features such as cur <«nt setting and long-time
delay are tested.

Power is supplied to each FMCRD load group from =ither the Division 1 Class
1E bus or the non-Class lE PIP bus through a pair of ‘nterlocked transfer
switches located between the power sources and the 6. YW/4B80v transformer
feeding the PMCRD MCC. These transfer switches are cl ssified as Class 1E
associated, and are treated as Class 1E. Switch-over o the non-Class 1E PIP
bus source is automatic on loss of power from the Clas: 1E diesel bus source.
Switching back to the Class 1E diesel bus power is by a nual action only.

The design minimizes the probability of a single failu.. Jifecting more
than one FMCRD group by providing three independent Class lE feeds (one for
each group) directly from the Division 1 Class 1E 6.9 kV bus (see sheet 3 of
Figure 8.3-1).

The Class lE load breakers in conjunction with the zone selective
interlocking feature (which is also Class 1E), provide the needed isolation
between the Class lE bus and the non-Class 1E loads. The feeder circuits on
the upstream side of the Class 1E lcad breakers are Class 1E. The FMCRD
circuits on the load side of the Class 1E load breakers down to and including
the transfer switches are Class 1E Associated. The feeder circuits from the
non-Class 1E PIP bus to the transfer switch, and circuits downstream of the
transfer switch, are non-Class 1E.

Non-Class 1lE loads being supplied from a Class 1lE bus exists only in
Division 1, as described above for the FMCRD's. Non-Class lE loads are not
permitted on Divisions II or 11I. This prevents any possibility of
interconnection between Class 1E divisions.
8.3.1.1.2 Llow Voltege Class lE Power Distribution System

8.3.1.1.2.1 Power Centers
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Power for 4BOV auxiliaries is supplied from power centers consisting of
6.9-kV/4B0OV transformers and associated metal clad switchgear, Figure 8 3-1,

Class 1E 480V power centers supplying Class 1E loads are arranged as
independent radial systems, with each 480V bus fed by its own power
transformer. Each 480V Class 1E bus in a division is physically and
electrically independent of the other 480V buses in other divisions.

The 480V unit substation breakers supply motor control centers and motor
loads up to and including 300KW. Switchgear for the 480V load centers is of
indoor, metal-enclosed type with draw-out circuit breakers. Control power is
from the Class 1E 125 Vdc power system of the same division.

8.3.1.1.2.2 Motor Control Centers

The 480V MCCs feed motors 100kW or smaller, control power transformers,
process heaters, motor-operated valves and other small electrically operated
auxiliaries, including 480-120V and 480-240V transformers. Class 1E motor
control centers are isolated in separate load groups corresponding to divisions
established by the 480V unit substations,

Starters for the control of 460v motors 100kW or smal’~r are MCC-mounted,
across-the-line magnetically operated, air break type. Power circuits leading
from the electrical penetration assemblies into the containment area have a
fuse in series with the circuit breakers as a bickup protection for a fault
current in the penetration in the event of circait breaker over-current or
fault protection failure.

8.3.1.1.3 120/240V Distribution System

Individual transformers and distribution panels are located in the vicinity
of the loads requiring Class 1E 120/240V power. This power is used for
emergency lighting, and other 120V Class 1E loads.

8.3.1.1.4 Instrument Power Supply Systens
8.3.1.1.4.1 120V AC Class lE Instrument Power System

Individual transformers supply 120V ac instr mment power (Figure 8.3-2).
Each Class lE divisional transformer is supplied from a 4B0OV MCC in the same
division. There are three divisions, each backed up by its divisional diesel
generator as the source when the offsite source is lost. Power is distributed
to the individual loads from distribution panels, and to logic level circuits
through the control room logic panels.

8.3.1.1.4.2 120V AC Class 1E Vital AC Power Supply Systenm
8.3.1.1.4.2.1 CVCF Power Supply for the Safety System Logic and Control

The power supply for the SSLC is shown in Figure 8.3-3, with each of the
four buses supplying power for the independent trip systems of the SSLC system.

Four constant voltage, constant frequency (CVCF) control power buses (Divisions
1, 11, 111, and IV) have been established. They are each normally supplied
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independently from inverters which, in turn, are normally supplied power via a
static switch from a rectifier which receives 480V divisional power. A 125V dc
battery provides an alternate source of power through the static switch,

The capacity of each of the four redundant Class 1E CVCF power supplies is
based on the largest combined demands of the various continuous 1-:#4¢ olus the
largest combination of non-continuous loads that would likely be connected to
the power supply simultaneously during normal or accident plant operation,
whichever is higher. The design also provides capability for being tested for
adequate capacity (see 8.3.4.34).

For Divisions I, II, and 111, the AC supply is from a 480 V MCC for each
division. The backup dc supply is via a static switch and a dc/ac inverter
from the 125 Vdc central/distribution board for the division. A second static
switch also is capable of transferring from the inverter to a direct feud
through a voltage regulating transformer from a 480V motor control center for
each of the three divisions.

Since there is no 480V ac Division IV power, Division 1V is fed from a
Division 11 motor control center. Otherwise, the ac supply for the Division IV
CVCF power supply is similar to the other three divisions. The dc supply for
Division IV is backed up by a separate Division IV battery.

The CVCF power supply buses are designed to provide logic and control power |
to the four division SSLC system that operates the RPS. [The SSLC for the ECCS f
derives its power from the 125 Vdc power system (Figure 8.3-4)]. The ac buses
also supply power to the neutron monitoring system and parts of the process
radiation monitoring system and MSIV function in the leak detection system.
Power distribution is arranged te prevent inadvertent operation of the reactor :
scram initiation or MSIV isclation upon loss of any single power supply. |

Routine maintenance can be conducted on equipment associated with the CVCF
power supply. Inverters and solid-state switches can be inspected, serviced
and tested channel by channel without tripping the RPS logic.
8.3.1.1.4.2.2 Components

Each of the four Class 1E CVCF power supplies includes the following
components |

(1) a power distribution cabinet, including the CVCF 120 Vac bus and circuit
breakers for the SSLC loads;

(2) a solid-state inverter, to convert 125 Vdc power to 120 Vac uninterruptible
power supply;

{3) a solid-state transfer switch to sense inverter failure and automatically
switch to alternate 120 Vac power;

(4) a 4B0V/120V bypass transformer for the alternate power supply;
(5) a solid-state transfer switch to sense ac input power failure and

automatically switch to alternate 125 Vdc power.
{(6) a manual transfer switch for maintenance.
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(7) an output power monitor which monitors the 120 Vac power from the CVCF
power supply to its ocutput power distribution cabinet. 1f the voltage or
frequency of the ac power gets out of its design range, the power monitor
trips and interrupts the power supply to the distribution cabinet. The
purpose of the power momitor is to protect the scram solenoids from voltage
levels and frequencies which could result in their damage.

(8) In addition, an external electrical protection assembly (EPA) is provided
which performs similar function as the monitor described in (7) above (see
Figure 8.3-3, sheet 1).

$.3.1.1.4.2.3 Operating Configuration

The four 120 Vac Class 1E power supplies operate independently, providing
four divisions of CVCF power supplies for the SSLC which facilitate the
two-out-of-four logic, The normal lineup for each division is through an Class
1E 480 Vac power supply, the ac/dc rectifier, the inverter and the static
transfer switch. The bus for the RPS A solenoids is supplied by the Division
11 CVCF power supply. The RPS B solenoids bus is supplied from the Division
111 CVCF power supply. The #3 solenoids for the MSIVs are powered from the
Division 1 CVCF; and the #2 solenoids, from the Division 1I CVCF power supply.

8.3.1.1.5 Class 1E Electric Equipment Considerations
The following guidelines are utilized for Class lE equipment.

(1) Motors are sized in accordance with NEMA standards. The manufacturers’
ratings are at least large enough to produce the starting, pull-in and
driving torque needed for the particular application, with due consider-
ation for capabilities of the power sources. Plant design specifications
for electrical equipment require such equipment be capable of continuous
operation for voltage fluctuations of +/- 102. 1In addition, Class 1E
motors must be able to withstand voltage drops to 70% rated during starting
transients. See Subsection 8.3.4.12 for COL license information.

(2) Power sources, distribution systems and branch circuits are designed to
maintain voltage and frequency within acceptable limits. A capacity and
voltage drop analysis will be performed in accordance with IEEE 141 to
assure that power sources and distribution eguipment will be capable of
transmitting sufficient energy to start and operate all required loads for
all plant conditions.

(3) The selection of motor insulation such as Class F, H or B is a design
consideration based on service requirements and environment. The Class 1E
motors are qualified by tests in accordance with T1EEE Std 334.

(4) Interrupting capacity of switchgear, power centers, motor control centers,
and distribution panels is equal to or greater than the maximum available
fault current to which it is exposed under all modes of cperation.

Interrupting capacity requirements of the medium voltage Class 1E

switchgear is selected to accommodate the available short-circuit current
at the switchgear terminals. Circuit breaker and applications are in
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accordance with ANS]I Standards. See Subsection 8.3.4.1 for COL license
information.

Unit substation transformers are sized and impedances chosen to facilitate

the selection of low-voltage switchgear, MCCs and distribution panels, which
are optimized within the manufacturer’s recommended ratings for interrupting
capacity and coordination of over-current devices. Impedance of connecting
upstream cable is factored in for a specific physical layourt.

8.3.1.1.6 Circuit Protection

8.3.1.1.6.1 Philosophy of Protection

Simplicity of load grouping facilitates the use of conventional, protective
relaying practices for isolation of faults. Emphasis has been placed on
preserving function and limiting loss of Class 1lE equipment function in |
gituations of power loss or equipment failure. u

Circuit protection of the Class 1E buses contained within the nuclear
island is interfaced with the design of the oversll protection system outside
the nuclear island,
£.3.1.1.6.2 Grounding Methods

Station grounding and surge protection is discussed in Appendix B8A.1. The
medium voltage (6900V) system is low resistance grounded except that each

diesel generator is high resistance grounded to maximize availability

See Subsection 8.2.4.14 for COL license information pertaining to
administrative control for bus grounding circuit breakers.

8.3.1.1.6.3 Bus Protection
Bus protection is as follows: u

(1) 6.9kV bus incoming circuits have inverse time over-current, ground fault,
bus differential and under-voltage protection.

{2) 6.9kV feeders for power centers have instantaneous, inverse time
over-current and ground fault protection.

{3) 6.9kV feeders for heat exchanger building substations have inverse time
over-current and ground fault protectinn.

(4) 6.9kV feeders used for motor starters have instantaneous, inverse time
over-current, ground fault and motor protection.

(5) 4BOV bus incoming line and feeder circuits have inverse time over-current
and ground faiult protection.

8.3.1.1.6.4 Protection Requirements
Protective devices of the diesel generators meet all requirements of IEEE '

603. When the diesel generators are called upon to cperate during LOCA
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conditions, the only protective devices which shut down the diesel are the
generator differential relays, and the engine over-speed trip. These
protection devices are retained under accident conditions to protect against
possible, significant damage. Other protective relays, such as loss of
excitation, anti-motoring (reverse power), over-current voltage restraint, low
jacket water pressure, high jacket water temperature, and low-lube oil
pressure, are used to protect the machine when operating in parallel with the
normal power system, during periodic tests. The relays are automatically
isolated from the tripping circuits during LOCA conditions. However, all of
these bypassed parameters are annunciated in the main control room (see
Subsection 8.3.1.1.8.5). The bypasses are testable, meet all IEEE 603
requirements, and are manually reset as required by Position 7 of Reg. Guide
1.9. No trips are bypassed during LOPP or testing. See Subsection 8.3.4.22
for COL license information.

Synchronizing interlocks are provided to prevent incorrect synchronization
vhenever the diesel generator is reguired to operate in parallel with the
preferred power supply (see Section 5.1.4.2 of IEEE 741). Such interlocks are
capable of being tested, and shall be periodically tested per B.3.4.23),

8.3.1.1.7 Lload Shedding and Sequencing on Class 1lE Buses

This subsection addresses Class 1E Divisions I, 11, and 111. Lload
shedding, bus transfer and sequencing on a 6.9kV Class 1E bus is initiated on
loss of bus voltage. Only LOPP signals are used to trip the loads. However,
the presence of & LOCA during LOPP reduces the time delay for initiation of bus
transfer from 3 seconds to 0.4 seconds. The Class 1E equipment is designed to
sustain operation for this 3-second period without damage to the equipment.

The load sequencing for the diesels is given on Table 8.3-4.

Load shedding and buses tready to load signals are generated by the control
system for the electrical power distribution system. Individual timers for
each major load are reset and started by their electrical power distribution
systems signals.

(1) Loss of Preferred Power (LOPF) : The 6.9kV Class lE buses are normally
energized from the normal or alternate preferred power supplies. Should
the bus voltage decay to below 70X of its nominal rated value, a bus
transfer is initiated and the signal will trip the supply breaker, and
start the diesel generator. When the bus voltage decays to 30%, large pump
motor breakers are tripped. The transfer then proceeds to the diesel
generator, If the standby diesel generator is ready to accept load (i.e.,
voltage and frequency are within normal limits and no lockout exists, and
the normal and alternate preferred supply breakers are open), then the
diesel - generator breaker is signalled to close, following the tripping of
the large motors (i.e., when voltage decays to 30X). This accomplishes
automatic traasfer of the Class 1E bus to the diesel generator. Large
motor loads will be sequence started as required and shown on Table 8.3-4.

(2) Losas of Coolant Accident (LOCA): WYhen a LOCA occurs, with or without &
LOPP, the load sequence timers are started if the 6.9 KV emergency bus
voltage is greater than 702 and lcads are applied to the bus at the end of
preset times.
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(3)

(4)

(3)

(6)

(7)

(8)

Each load has an individual load sequence timer which will start if a LOCA
occurs and the 6.9 KV emergency bus vcltage is greater than 70X, regardless
of whether the bus voltage source is normal or alternate preferred power or
the diesel generator. The load sequence timers are part of the low level
circuit logic for each LOCA load and do not provide a means of common mode
failure that would render both onsite and offsite power unavailable. 1If a
timer failed, the LOCA load could be applied manually provided the bus
voltage is greater than 70X.

LOPP following LOCA: If the bus voltage (normal or alternate preferred
power) is lost during post-accident operation, transfer to diesel generator
power occurs as described in (1) above.

LOCA following LOPP: If a LOCA occurs following loss of the normal or
alternate preferred power supplies, the LOCA signal starts ESF equipment as
required. Running loads are not tripped. Automatic (LOCA + LOPP) time
delayed load sequencing assures that the diesel-generator will not be
overloaded.

LOCA when diesel generator is parallel with preferred power source during
test: If 2z LOCA occurs when the diesel generator is paralleled with either
the normal preferred power or the alternate preferred power source, the D/C
will automatically be disconmected from the 6.9 KV emergency bus regardless
of whether the test is being conducted from the local control panel or the
main control room.

LOPP during diesel generator paralleling test: If the normal preferred
power supply is lost during the diesel-generator paralleling test, the
diesel-generator circuit breaker is automatically tripped. Transfer to the
diesel generator then proceeds as described in (1).

If the alternate preferred source is used for load testing the diesel
generator, and the alternate preferred source is lost, the diesel-generator
breaker is automatically tripped. Lload shedding and bus transfer will
proceed as described in (1).

Restoration of offsite power: Upon restoration of offsite power, the Class
1E bus{es) can be transferreé back to the offsite source by manual
operation only.

Protection sgainst degraded voltage: For protection of the Division I, II
and 111 electrical equipment against the effects of a sustained degraded
voltage, the 6.9 kv ESF bus voltages are monitored. When the bus voltage
degrades to 902 or below of its rated value and after a time delay (to
prevent triggering by transients), under-voltage will be annunciated in the
control room. Simultaneously, a protective relay timer is started to allow
the operator to take corrective action. The timer settings are based on
the system load analysis* such that the respective feeder breaker trips
before any of the Class 1E loads experience degraded conditions exceeding
those for which the equipment is qualified. This assures such loads will
restart when the diesel generator assumes the degraded bus and sequences
its loads. If the bus voltage recovers within the time delay period, the
protective timer will reset. Should a LOCA occur during the time delay,
the feeder breaker with the under-voltage will be tripped instantly.
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Subsequent bus transfer will be as described above. These bus voltage
monitoring schemes are designed in accordance with Section 5.1.2 of I1EEE
741,

Equipment is qualified for continuous operation with voltage #10% of
nominal and for degraded voltages below 90% for the time period established
in the load analysis* for the degraded voltage protective time delay relay.
(See 8.3.4.20 for COL license information.)

* A complete load analysis shall be performed in accordance with Chapter 3
of 1EEE 141, and IEEE's 242 and 399, for the power distribution system to
demonstrate proper sizing of power source and distribution equipment. Such
analysis shall provide the basis for the degraded voltage protective relay
timer settings and other protective relay settings.

...............................................................................

8.3.1.1.8 Standby AC Power System

The diesel generators comprising the Divisions I, II and 111 standby ac
power supplies are designed to quickly restore power to their respective Class
1E distribution system divisions as required to achieve safe shutdown of the
plant and/or to mitigate the consequences of a LOCA in the event of a LOPP.
Figure 8.3-1 shows the interconnections between the preferred power supplies
and the Divisions 1, 11 and 111 diesel-generator standby power supplies.

See Subsection 9.5.13.8 for COL license information.
8.3.1.1.8.1 Redundant Standby AC Power Supplies

Each standby power system division, including the diesel generator, its
auxiliary systems and the distribution of power to various Class 1E loads
through the 6.9kV and 480V systems, is segregated and separated from the other
divisions. No automatic interconnection is provided between the Class lE
divisions. Each diesel generator set is operated independently of the other
sets and is connected to the utility power system by manual contrel only during
testing or for bus transfer.

£.3.1.1.8.2 Rstings and Capability

The size of each of the diesel-generators serving Divisions 1, Il and 1I1
satisfies the requirements of NRC Regulatory Guide 1.9 and IEEE S5td 387 and
conforms to the following criteria:

(1) Each diesel generator is capable of starting, accelerating and supplying
its loads in the sequence shown in Table B.3-4.

(2) Each diesel generator is capable of starting, accelerating and supplying
its loads in their proper sequence without exceeding a 25% voltage drop or
a 5% frequency drop measured at the bus.

{3) Each diesel generator is capable of starting, accelerating and running its
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(4)

(%)

(6)

(7)

(8)

(9)

(10)

largest motor at &ny time after the automatic loading sequence is
completed, assuming that the motor had failed to start imitially.

The criteria is for each diesel generator to be capable of reaching full
speed and voltage within 20 seconds after receiving a signal to start, and
capable of being fully loaded within the next 65 seconds as shown in Table
8.3-4. The limiting condition is for the RHR and HPCF injection valves to
be open 36 seconds after the receipt of a high drywell or low reactor
vessel level signal. Since the motor operated valves are not tripped off
the buses, they start to open, if requested to do so by their controls,
when power is restored to the bus at 20 seconds. This gives them an
allowable travel time of 16 seconds, which is attainable for the valves.

See Subsection 8.3.4.2 for COL license information.

Each diesel generator has a continuous load rating of 6.25 MVA @ 0.8
power factor (see Figure 8.3-1). The overload rating is 110X of the
rated output for a two-hour period out of a 24-hour period.

Each diesel generator has stored energy (Juel) at the site in its own
storage tank with the capacity to operate the standby diesel generator
power supply, while supplying post-accident power requirements to a unit
for seven days (see 9.5.4.1.1).

Each diesel generator has stored energy (fuel) at the site in its own
day tank with the capacity to operate the standby diesel generator power
supply while supplying post accident power requirements for 8 hours.

The fuel transfer system automatically maintains the capacity of the day
tank (see 9.5.4.2).

Each diesel generator is capable of operating in its service environment
during and after any design basis event, without support from the
preferred power supply. It can start up and run, with no cooling
available, for the time required to bring the cooling equipment into
service as it seguences onto the bus (see 20.3 RAI-16, Question/Answer
430.282).

Each diesel generator is capable of restarting with an initial engine
temperature equal to the continuous rating full load engine temperature.

Each diesel generator is capable of accepting design load following
operation at light or no load for a period of 4 hours. This capability
shall be demonstrated by the supplier prior to shipment, but is exempt
from periodic testing to avoid undue stress to the diesel engine

(11) Each diesel generator is capable of carrying its continuous load rating

of 22 hours followed by 2 hours of operation at its short time rating.

(12) The maximum loads expected to occur for each division (according to

nameplate ratings) do not exceed 90 percent of the continuous power
output rating of the diesel generator.

(13) Each diesel generator’s air receiver tanks have capacity for sufficient

starts without recharging as defined in 9.5.6.2.
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(14) During diesel generator load sequencing, the frequency will be restored
to within 2Y of nominal, and voltage will be restored to within 102 of
nominal within 60% of each load sequence time interval (see C 4 of
Regulatory Guide 1.9).

(15) During recovery from transients caused by step load increases or
resulting from the disconnection of the largest single load, the speed
of the diesel generator unit will not exceed the nominal speed plus 75%
of the difference between nominal speed and the over-speed trip setpoint
or 115% of nominal, whichever is lower (see C.4 of Regulatory Guide
1.9).

{16) The transient following the complete loss of load will not cause the
speed of the diesel generator unit to attain the over-speed trip
setpoint (see C.4 of Regulatory Cuide 1.9).

(173 Bus voltage and frequency will recover to 6.9 kvilOX at 60122 Hz within
10 seconds fuilowing trip and restart of the largest load.

(18) Each of the above design criteria has the capability of being
periodically verified (see B.3.4.26). However, note exception for Item

(10).
£.3.1.1.8.3 Starting Circuits and Systems

Diesel generators I, Il and I1]1 start automatically on loss of bus voltage.
Under-voltage relays are used to start each diesel engine in the event of a
drop in bus veltage below preset values for & predetermined period of time.
low-water-level switches and drywell high-pressure switches in each division
are used to initiate diesel start under accident conditions. Manual start
capability is also provided. The Class lE batteries provide power for the
diesel control and protection circuits. The transfer of the Class 1E buses to
standby power supply is automatic should this become necessary on loss of
preferred power. After the breakers comnecting the buses to the preferred
power supplies are open the diesel-generator breaker is closed when required
generator voltage and frequency are established,

Diesel generators I, Il and 1II are designed to start and attain rated
voltage and frequency within 20 seconds. The generator, and voltage regulator
are designed to permit the set to accept the load and to accelerate the motors
in the sequence within the time requirements., The voltage drop caused by
starting the large motors does not exceed the requirements set forth in
Regulatory Guide 1.9, and proper acceleration of these motors is ensured.
Control and timing circuits are provided, as appropriate, to ensure that each
lvad is applied automatically at the correct time. Each diesel generator set
is provided with two independent starting air systems.

8.3.1.1.8.4 Automatic Shedding, loading and Isolation
The diezel generator is connected te its Class 1E bus only when the

incoming preferred source breakers have been tripped (Subsection 8.3.1.1.7).
Under this condition, major loads are tripped from the Class 1E bus, except for
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the Class 1E 480V unit substation feeders, before closing the diesel generator
breaker.

The large motor loads are later re-applied sequentially and automatically
to the bus after closing of the diesel-generator breaker.

§.3.1.1.8.5 Protection Systems

The diesel generator is shut down and the generator breaker tripped under
the following conditions during all modes of operation and testing operation:

(1) engine over-speed trip; and
(2) geuerator differential relay trip.

These and other protective functions (alarms and trips) of the engine or
the generator breaker and other off-normal conditions are annunciated in the
main control room and/or locally as shown in Table 8.3-5. Local
alarm/annunciation points have auxiliary isolated switch outputs which provide
inputs to alarm/annunciator refresh units in the main control reom which
identifies the diesel generator and general anomaly concerned. Those anomalies
which cause the respective D/G to become inmoperative are so indicated in
accordance with Regulatory Guide 1.47 and BTP PSB-2.

8.3.1.1.8.6 Local and Remote Control and Indication

Each diesel generator is capable of being started or stopped manually from
the main control room. Start/stop control and bus transfer control may be
transferred to a local control station in the diesel generator area by
operating key switches at that station. When the diesel is started from the
local control station, the engine will attain rated voltage and frequency, then
remain on standby without load sequencing (i.e., the generator breaker will
remain open).

Control room indications are provided for system output, i.e., volts, amps,
watts, vars, frequency, synchronization, fieid volts, field amps, engine speed,
and watt-hours. Diesel generator status (i.e., "RUN", "STOP") indication is
provided for the Remote Shutdown System.

£.3.1.1.8.7 Engine Mechanicai Systems and Accessories
Descriptions of these systems and accessories are given in Section 9.5.

8.3.1.1.8.8 Interlocks and Testability

Each diesel generator, when operating other than in test mode, is totally
independent of the preferred power supply. Additional interlocks to the LOCA
and LOPP sensing circuits terminate parallel operation test and cause the
diesel generator to automatically revert and reset to its standby mode if
either signal appears during a test. These interlocks are designed to be
testable, and are periodically tested per 8.3 4.21. A lockout or maintenance
mode removes the diesel geonerator from service. The inoperable status is
indicated in the control room.
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8.3.1.1.8.9 Reliability Qualification Testing

The qualification tests are performed on the diesel generator per I1EEE Std.
387 as modified by Regulatory Guide 1.9 reguirements.

See Subsection 8.3.4.10 for COL license information.
8.3.1.2 Analysis

The general ac power systems are illustrated in Figure 8.3-1. The analysis
demonstrates compliance of the Class 1E ac power system to NRC General Design
Criteria (GDC), NRC Regulatory CGuides and other criteria consistent with the
Standard Review Plan (SRP).

Table 8.1-1 identifies the onsite power system and the associated codes and
standards applied in accordance with Table 8-1 of the SRP. Criteria are listed
in order of the listing on the table, and the degree of conformance is
discussed for each. Any exceptions or clarifications are so noted.

(1) General Design Criteria (GDC):
(a) Criteria: GDCs 2, 4, 17, 18 and 50.

(b) Conformance: The ac power system is in compliance with these GDCs.
The GDCs are generically addressed in Subsection 3.1.2.

(2) Regulatory Guides (RGs).

(a) RC 1.6 - Independence Between Redundant Standby (Onsite) Power
Sources and Between Their Distribution Systems

(b) RG 1.9 - Selection, Design, and Qualification of Diesel-Generator
Units Used as Standby (Onsite) Electric Power Systems at
Nuclear Power Plants

(¢) RG 1.32 - Criteria for Safety-Related Electric Power Systems for
Nuclear Power Plants

Fuses cannot be periodically tested and are exempt from such
requirements per Section 4.1.7 of IEEE 741.

Section 5.2 of IEEE 308 is addressed for the ABWR as follows:

Those portions of the Class lE power system that are required to
support safety systems in the performance of their safety functions
meet the requirements of IEEE 603. In addition, those other normal
components, equipment, and systems (that is, overload devices,
protective relaying, etc.) within the Class lE power system that have
no direct safety function and are only provided to increase the
availability or reliability of the Class 1E power system meet those
requirements of IEEE 603 which assure that those components,
equipment, and systems do not degrade the Class 1E power system below
an acceptable level. However, such elements are not required to meet
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criteria as defined in IEEE 603 for: cperating bypass, maintenance
bypass, and bypass indication.

RG 1.47 - Bypassed and Iuoperable Status Indication for Nuclear
Power Plant Safety Systems

RG 1.63 - Electric Penetration Assemblies in Containment
Structures for Light-Water-Cooled Nuclear Power Plants

RG 1.75 - Physical Independence of Electric Systems

Regarding Position C-1 of Regulatory Cuide 1.75 (see Secticn
8.3.1.1.1), the non-Class 1E FMCRD motors and brakes are supplied
pewer from the Division 1 Class 1E bus through three dedicated power
center transformers. The Class 1E load breaker for the bus is
tripped by fault current for faults in the non-Class 1E load. There
is also a zone selective interlock provided from the load breaker to
the Class 1E bus supply breaker so that the supply breaker is delayed
from tripping while fault current is flowing in the non-Class 1E load
feeder. This meets the intent of the Regulatory Guide position in
that the main supply breaker is prevented fiom tripping on faults in
the non-safety-related loads. The transfer switch downstream of the
load feeder is Class 1E associated, and meets Class 1E requirements,

There are three 6.9 KV electrical divisions which are independent load
groups backed by individual diesel-generator sets. The low voltage ac systems
consists of four divisions which are backed by independent dc battery, charger

and inverter systems.

There is no sharing of standby power system components between divisions,
and there is no sharing of diesel-generator power sources between units, since
the ABWR is a single unit-plant design.

Each standby power supply for each of the three divisions is composed of a
single generator driven by a diesel engine having fast start characteristics
and sized in accordance with Regulatory Guide 1.9.

Table 8.3-1 and B.3-2 show the rating of each of the Divisions 1, 11 and
111 diesel generators, respectively, and the maximum coincidental load for
each.

(g) RG 1.106 - Thermal Overload Protection for Electric Motors om
Motor-Operated Valves

Safety functions which are regquired to go to completion for safety
have their thermal overload protection devices in force during mrrmal
plant operation but the overloads are bypassed under accident
conditions per Regulatory Position 1.(b) of the guide. These
overload bypasses meet the requirements of IEEE 603, and are capable
of being periodically tested (see B.3.4.24).

{h) RG 1.108 - Periodic Testing of Diesel Generator Units Used as Onsite
Electric Power Systems at Nuclear Power Plants
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(3)

(&)

(i) RG 1.118 - Periodic Testing of Electric power and Protection Systems

(j) 86 1.153 - Criteria for Power, Instrumentation, and Control Portions
of Safety Systems

Fuses cannot be periodically tested and are exempt from such
requirements per Section 4.1.7 of IEEE 741.

(k) RG 1.155 - Station Blackout
(See Appendix 1C)
Branch Technical Positions (FTPs):
(a) BTP ICSB 8 (PSB) - Use of Diesel Generator Sets for Peaking

(b) BTP 1CSB 18 (PSB) - Application of the Single Failure Criterion to
Manually-Controlled Electrically-Operated Valves.

{cy BTP ICSB 21 - Guidance for Application of Regulatory CGuide 1.47
BTP PSB 1 - Adequacy of Station Electric Distribution System Voltages

{e) BTP PSB 2 - Criteria for Alarms and Indications Associated with
Dieserl-Generator Unit Bypassed and Inoperable Status

The onsite ac power system is designed consistent with these positions.
Other SRP {riteria:
{(a) NUREG/CR 0660 - Enhancement of Onsite Diesel Generator Reliabiliry

As indicated in Subsection §.1.3.1.2.4, the operating procedures and
training of personnel are outside of the Nuclear Island scope of supply.
NUREG/CR 0660 is therefore imposed as an interface requirement for the
applicant. (See Subsection 8.1.4.1)

(b) NRC Policy Issue On Alternate Powe: for Non-safety Loads

This policy issue states that ".. . an alternate power source be provided
to a sufficient string of non-safety loads so that forced circulation
could be maintained, and the operator would have available te him the
complement of non-safety equipment that would most facilitate his
ability to bring the plant to a stable shutdown condition, following a
loss of the normal power supply and plant trip." (Quote from EPRI
Evolutionary SER, Section 4.2.1, Page 11.4-4, May 1992.)

The ABWR reserve auxiliary transformer has the same rating as the three
unit auxiliary transformers. and therefore can assume the full load of
any one unit auxiliary transformer (see 8.2.1.2). The interconnection
capability for the ABWR is such that any plant loads can be manually
connected to receive power from any of the six sources (i.e., the two
switchyards, the combustion turbine, and the three diesel generators).
Administrative controls are provided to prevent paralleling of sources
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(see B.3.4.15). The ABWR therefore exceeds the requirements of the
policy issue.

8.3.2 DC Power Systems
8.3.2.1 Description
8.3.2.1.1 General Systems
A DC power system is provided for switchgear control, control power,

instrumentation, critical motors and emergency lighting in contrzl rooms,
switchgear rooms and fuel handling areas. Four independent Class 1E 125 Vdc

divisions, three independent non-Class 1f 125 Vd= load groups and one non-Class
1E 250 Vdc computer and motor power supply are provided. See Figures 8. 3-4 for

the single lines.

Each battery is separately housed in a ventilated room apart from its
charger and distribution panels. Each battery feeds a dc distribution
switchgear panel which in turn feeds local distribution panels and dc motor
control centers. An emergency eye wash is supplied in each battery room.

All batteries are sized so that required loads will not exceed warranted
capacity at end-of-installed-life with 100 percent design demand.

The capacity of each of the four redundant Class 1E battery chargers is
based on the largest combined demands of the various continuous steady-state
loads, plus charging capacity to restore the battery froa the design minimum
charge state to the fully charged state within 12 hours (per technical
specifications), regardless of the status of the plant during which these
demands occur (see B8.3.4.35).

8.3.2.1.1.1 Clars 1E 125 Vdc System

The 125 Vdc system provides a reiiavle centrel and switching power source
for the Class 1E systeus.

Each 125 Vdc battery is provided with a charger, and a standby charger
shared by two divisions, each of which is capable of recharging its battery
from a discharged state to a fully charged state while handling the normal,
steady-state dc load.

Batteries are sized for the dc load in accordance with 1EEE Standard 485.

The batteries are installed in accordance with industry recommended
practice as defined in IEEE 484, and meet the recommendations of Section 5 of
IEEE 946 (see 8.3.4.32).

In accordance with this standards, each of the four Class 1E 125-volt
batteries:

1) is capable of starting and operating its required steady state and
transient loads,
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2) is immediately available during both normal operatioens and following
loss of power from the alternating current systems,

3) has sufficient stored energy to provide an adequate source of power for
starting and operating all required LOCA and/or LOPP loads and circuit
breakers for two hours with no ac power,

4) has sufficient stored energy to provide power in excess »f the capacity
of the battery charger when needed for transients,

5) has a capacity design margin of 5 to 15 percent to allow for less than
optimum operating conditions,

6) has a 25-percent capacity design margin to compensate for battery aging,

7) has a &4-percent capacity design margin to allow for the lowest expected
electrolyte temperature of 21C (70F),

8) has & number of battery cells that correctly matches the battery-to-
system voltage limitations,

9) bases the first minute of the batteries’ duty cycle on the sum of all
momentary, continuous, and non-continuous loads that can be expected to
operate during the one minute following a LOCA and/or LOPP,

10) is designed so that each battery's capacity can periodically be
verified,

£.3.2.1.2 Class 1lE DC Loads

The 125 Vdc Class 1E power is required for emergency lighting,
diesel-generator field flashing, contrel and switching functions such as the
control of 6.9-kv and 480V switchgear, control relays, meters and indicators,
multiplexers, vital ac power supplies, as well as dc components used in the
reactor core isolation cooling system.

The four divisions that are essential tc the safe shutdown of the reactor
are supplied from four independent Class 1E 125 Vdc buses.

8.3.2.1.3 Station Batteriles and Battery Chargers, General Considerations

The four ESF divisions are supplied from four independent Class 1E 125 Vdc
systems (See Figure 8.3-4). Each of the Class 1E 125 Vdc systems has a 125 Vdc
battery, a battery charger and & distribution panel. One standby battery
charger can be conmnected to either of two divisions and another standby battery
charger can be connected to either of two other divisions. Kirk key interlocks
prevent cross connection between divisions. The main dc distribution buses
include distribution panels, drawout-type breakers and molded case circuit
breakers.

The Class 1E 125 Vdc systems supply dc power to Divisions I, 1I, 111 and
1V, respectively, and are designed as Class lE equipment in accordance with
IEEE Std 308. They are designed so that no single failure in any 125 Védc
system will result in conditions that prevent safe shutdown of the plant with
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the remaining ac power divisions. The plant design and circuit layout from
these dc systems provide physical separation of the equipment, cabling and
instrumentation essential to plant safety.

Each division of the system is located in an area separated physically from
other divisions. All the components of Class 1E 125 Vdc systems are housed in
Seismic Category 1 structures.

8.3.2.1.3.1 125 Vdc Systems Configuration

Figure B.3-4 shows the overall 125 Vdc system provided for Class 1E
Divisions I, I1I, II1 and IV. One divisional battery charger is used to supply
each divisional dc distribution panel bus and its associated battery. The
divisional battery charger is normally fed from its divisional 480V MCC bus,
with no automatic interconnection or transfer between buses. Also, there are
no manual interconnections between dc divisions except those involving the
standby battery chargers, as described below.

Each Class 1E 125 Vdc battery is provided with a charger, and a standby
charger shared by two divisions, each of which is capable of recharging its
battery from a discharged state to a fully charged state while handling the
normal, steady-state dc load. Cross connection between two divisions through a
standby charger is prevented by at least two interlocked breakers, kept
normally open, in series in each potential cross-connect path. (See Figure
8.3-4 and Subsection 8.3.4.18.)

The maximum equalizing charge voltage for Class 1E batteries is 140 Vdc.
The dc system minimum discharge veoltage at the end of the discharge period is
1.75 Vdc per cell (105 volts for the battery). The operating voltage range of
Class 1E dc loads is 100 to 140V.

As a pgeneral requirement, the batteries have sufficient stored enmergy to
operate connected Class 1E loads continuously for at least two hours without
recharging. The Division I batter which controls the RCIC system, is

sufficient for eight hours during s°. '. > blackout. During this event
scenario, the load reductions on D? v 11, 111, and IV also extend the
times these batteries are available .. »ubsection 19E.2.1.2.2). Each

distribution circuit is capable of transaitting sufficient energy to start and
operztl ail required loads in that circuit,

A load capacity analysis has been performed based on I1EEE 485-1978, and
submitted on the docket for estimated Class 1E dc battery loads as of
September, 1989. A final analysis will be performed when specific battery
parameters are known (see B.3.4.6).

An initial composite test of onsite ac and dc power systems is called for
as a prerequisite to initial fuel loading. This test will verify that each
battery capacity is sufficient to satisfy a safety load demand profile under
the conditions of a LOCA and loss of preferred power.

Thereafter, periodic capacity tests may be conducted in accordance with

IEEE Std 450. These tests will ensure that the battery has the capacity to
continue to meet safety load demands.
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See Subsection B8.3.4.6 for COL license informations.
8.3.2.1.3.2 Non-Class 1E 125V DC Power Supply

A non-class 1E 125 Vdc power supply, Figure 8.3-4, is provided for
non-Class 1E switchgear, valves, converters, transducers, controls and
instrumentation. The system has three load groups with one battery, charger
and bus per load group. There are bus tie breakers between buses. Normal
operation is with bus tie breakers open and interlocks prevent paralleling
batteries. Each load group's battery and charger may be removed from service
as a unit for meintenance or testing. A battery can be recharged by its
charger prior to being placed back into service.

One backup charger is provided and is connectable to any of the three
buses, one bus at a time, under control of Kirk key interlocks to:

(a) Perform extended maintenance on the normal charger for the luvad group.

(b) To make a live transfer of a bus to supply power from the bus of another
load group without paralleling the two batteries.

The chargers are load limiting battery replacement type chargers capable of
operation without a battery connected to the bus. The backup charger may be
supplied from the ac supply of any one of the three load groups. It may be
used to charge any one battery at a given time. For exampls the load Croup B
battery may be charged from load Groups A or B or C ac power via the backup
charger.

Each bus is connectable to either of the other two buses via Kirk key
interlocked tie breakers. The Kirk key interlock system allows paralleling of
chargers. Since the chargers are self load limiting, parallel operation is
acceptable. The Kirk key interlock system prevents parallel operation of
batteries. This is to prevent the possibility of paralleling batteries which
have different terminal voltages and experiencing a large circulating current
as a result.

The battery output breaker has an over-current trip and interrupts fault
current flow from the battery to a bus fault. A combination disconnect switch
and fuse is an acceptable alternate for the battery output breaker. The
charger output breaker and the bus input breaker do not have over-current trips
as the charger is load limiting and therefore protects itself. They are used
as disconnect switches only. Bus load breakers have over-current trips
coordinated with the battery output breaker. Tripping current for the load
breakers is supplied by the battery.

See Subsection 8.3.4.6 for COL license information.
8.3.2.1.3.3 Non-Class 1lE 250V DC Power Supply

A non-class 1E 250 Vdc power supply, Figure 8.3-4, is provided for the
computers and the turbine turning gear motor. The power supply consists of one
250 Vde battery and two chargers. The normal charger is fed by 480 Vac from

either the load Group A or load Group C turbine building load centers.
Selection of the desired AC supply is by a mechanically interlocked transfer
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switch. The standby charger is fed from a load Group A control building motor
control center. Selection of the normal or the standby charger is controlled

by key interlocked breakers. A 250 Vdc central distribution board is provided
for connection of the loads, all of which are non-class 1E.

8.3.2.1.3.4 Ventilation

Battery rooms are ventilated to remove the minor amounts of gas produced
during the charging of batteries.

8.3.2.1.3.5 Station Blackout

Station blackout performance is discussed in Subsection 19E.2.1.2.2. An
assessment of Regulatory Cuide 1.155 is provided in Appendix 1C See Subsection
B.3.4.16 for COL license information.

8.3.2.2 Analysis
8.3.2.2.1 General DC Power Systems

The 4B0 Vac power supplies for the divisional battery chargers are from the
individual Class 1E MCC to which the particular 125 Vdc system belongs (Figure
8.3-4). In this way, separation between the independent systems is maintained
and the AC power provided to the chargers can be from either preferred or
standby AC power sources. The DC system is so arranged that the probability of
an internal system failure resulting in loss of that dc power system is
extremely low. Important system components are either self-alarming on failure
or capable of clearing faults or being tested during service to detect faults.
Each battery set is located in its own ventilated battery room. All abnormal
conditions of important system parameters such as charger failure or low bus
voltage are annunciated in the main coentrol room and/or locally.

AC and DC switchgear power circuit breakers in each division receive
control power from the batteries in the respective load groups ensuring the
following:

{1) The unlikely loss of one 125 Vdc system does not jeopardize the Class 1E
feed supply to the Class lE buses.

{2) The differential relays in one division and all the interlocks associated
with these relays are from one 125 Vdc system only, thereby eliminating any
cross connections between the redundant DC systems.

8.3.2.2.2 Regulatory Requirements

The following analyses demonstrate compliance of the Class 1E Divisions I,
11, II1 and IV DC power systems to NRC General Design Criteria, NRC Regulatory
Guides and other criteria consistent with the standard review plan. The
analyses establish the ability of the system to sustain credible single
failures and retain their capacity to function.

The following list of criteria is addressed in accordance with Table 8.1-1
which is based on Table 8-1 of the Standard Review Plan (SRP). In general, the
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ABUR is designed in accordance with all criteria. Any exceptions or
clarifications are so noted.

{1) General Design Criteria (CDC):

(a)

(b)

Criteria: GDCs 2. &, 17, and 18.

Conformance: The dc power system is in compliance with these GDCs .
The GDCs are generically addressed in Subsection 3.1.2.

(2) Regulatory Guides (RGs):

(a)

(b)

{c)

{(4)

(e)

(£)

RGC 1.6 - Independence Between Redundant Standby (Onsite) Power
Sources and Between Their Distributien Systems

RG 1.32 - Criteria for Safety-Related Electric Power Systems for
Nuclear Power Plants

Fuses cannot be periodically tested and are exempt from such
requirements per Section 4.1.7 of IEEE 741.

RG 1.47 - Bypassed and Inoperable Status Indication for Nuclear
Power Plant Safety Systems

RG 1.63 - Electric Penetration Assemblies in Containment Structures
for Light-Water-Cooled Nuclear Power Plants

RG 1.75 - Physical Independence of Electric Systems

The DC emergency standby lighting system circuits up to the lighting
fixtures are Class 1E associated and are routed in seismic Catepgory I
raceways. However, the lighting fixtures themse.ves are not
seismically qualified, but are seismically supperted. This is
acceptable to the Class 1E power supply because of over-current
frotective device coordination. The cables and circuits from the
power source to the lighting fixtures are Class lE associated. The
bulbs cannot be seismically qualified. This is why the circuits are
Class 1E associated. The bulbs can only fail open and therefore do
not represent a hazard to the Class 1E power sources.

Besides the emergency lighting circuits, any other associated
circuits added beyond the certified design must be specifically
identified and justified. Associated circuits are defined in Section
5.5.1 of 1EEE 384-1981, with the clarificaticn for Items (3) and (4)
that non-Class 1E circuits being in an enclosed raceway without the
required physical separation cor barriers between the enclosed raceway
and the Class 1E or assc.iated cables makes the circuits (related to
the non-Class 1E cable in the enclosed raceway) associated circuits.

RC 1.106 - Thermal Overload Protection for Electric Motors on
Motor-Operated Valves

Safety functions which are required to go to completion for safety
have their thermal overload protection devices in force during normal
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plant operation but the overloads are bypassed under accident
conditions per Regulatory Position 1.(b) of the guide. These
overload bypasses meet the requirements of IEEE 603, and are capable
of being periodically tested (see B.3.4.24).

(g) RG 1.118 - Periodic Testing of Electric Power and Protection Systems

(h) RG 1.128 - Installation Designs and Installation of Large Lead Stor-
age Batteries for Nuclear Power Plants

(i) RCG 1.129 - Maintenance, Testing, and Replacement of Large Lead
Storage Batteries for Nuclear Power Plants

(j) RG 1.153 - Criteria for Power, Instrumentation, and Control
Portions of Safety Systems

Fuses cannot be periodically tested and are exempt from such
requirements per Section 4.1.7 of 1EEE 741.

(k) RG 1.155 - Station Blackout
(5ee Appendix 1C)

The Class 1E DC power system is designed in accordance with the listed
Regulatory Guides. It is designed with sufficient capacity, independence and
redundancy to assure that the required power support for core cocling,
containment integrity and other vital functions is maintained in the event of a
postulated accident, assuming a single failure.

The batteries consist of industrial-type storage cells, designed for the
type of service in which they are used. Ample capacity is available to serve
the loads connected to the system for the duration of the time that alternating
current is not available to the battery charger. Each division of Class 1E
equipment is provided with a separate and independent 125 Vdc system.

The DC power system is designed to permit inspection and testing of all
important areas and features, especially those which have a standby function
and whose operation is not normally demonstrated.

(3) Branch Technical Positions (BTPs):

BTP ICSB 21 - Guidance for Application of Regulatory Guide 1.47.

The dc power system is designed consistent with this criteria.
(4) Other SRP Criteria:

According to Table 8-1 of the SRP, there are no other criteria applicable
to dc power systems.

(5) Other Criteria
(a) 1EEE 946 "Recommended Practice for the Design of Safety-Related DC

Auxiliary Power Systems for Nuclear Power Generating Stations”
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The ABWR fully meets the requirements of this standard.

8.3.3 General Onsite Power System Information

The NRC Standard Review Plan (SRP) format identifies sections 8.3.1 and
8.3.2 as ac and dc power systems, respectively. However, some information is
applicable to both ac and dc systems. This information is presented in this

section in order to avoid the need for repetition in sections 8.3.1 and 8.3.2.

£.3.3.1 Physical Separation and Independence

All cables are supported in raceways (i.e., tray, conduit, or wireways).
All electrical equipment is separated in accordance with I1EEE Std 384,
Regulatory Guide 1.75 and General Design Criterion 17, with the following
clarifying interpretations of IEEE Std 384:

(1) Enclosed solid metal raceways are required for separation between Class 1E
or associated cables of different safety divisions or between Class 1E or
associated cables and non-Class 1E cables if the vertical separation
distance is less than 1.5 meters (five feet), the horizontal separation
distance is less than 0.9 meters (three feet) and the cables are in the
same fire area;

(2) Both groupings of cables requiring separation per item one must be enclosed
in solid metal raceways and must be separated by at least 2.54 cm (1
inch.).

To meet the provisions of Policy Issue SECY-B9-013, which relates to fire
tolerance, three hour rated fire barriers are provided between areas of
different safety divisions throughout the plant except in the primary
containment and the control room complex. See Section 9.5.1 O for a detailed
description of how the provisions of the Policy Issue are met.

The overall design objective is to locate the divisional equipment and its
associated control, instrumentation, electrical supporting systems and
interconnecting cabling such that separation is maintained among all divisions. |
Redundant divisions of electric equipment and cabling are located in separate L
rooms or fire areas wherever possible.

Electric equipment and wiring for the Class 1E systems which are segregated
into separate divisions are separated so that no design basis event is capable
of disabling more than one division of any ESF total functien.

The protective actions (that is, the initiation of a signal with the sense and
command features, or the operation of equipment within the execute features,
for the purpose of accomplishing a safety function) of each redundant load
group is electrically independent of the protective actions provided by
redundant load groups. Cross talk between divisions to facilitate the :
two-out-of-four logic for the Safety System Logic and Control (SSLC) is |
accomplished by fiber-optic medium.

The Class 1E divisional ac switchgear, power centers, battery rooms and dc
distribution panels and MCCs are located to provide separation and electrical
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isolation among the divisions. Separation is provided among divisional cables
being routed between the equipment rooms, the Main Control Room, containment
and other processing areas. Equipment in these areas is divided into Divisions
1, 11, I11 and IV and separated by barriers formed by walls, floors, and
ceilings. The equipment is located to facilitate divisional separation of
cable trays and to provide access to electrical penetration assemblies.
Exceptions to this separation ubjective are identified and analyzed as to
equivalency and acceptability in the fire hazard anaiysis. (See Appendix 9A.5)

The penetration assemblies are located around the periphery of the
containment anud at different elevations to facilitate reasonably direct routing
to and from the eguipment. No penetration carries cables of more than one
division.

Separation within the main contrul room is designed in accordance with I1EEE
384, and is discussed in Subsection 8.3.3.6.2.2.3.

Wiring for all Class 1E equipment indicating lights is an integral part of
he Class 1E cables used for control of the same equipment and are considered
to be Cliass 1E circuits.

Associated Class 1E circuits remain with or are physically separated in the
same manner as those Class 1E circuits with which they are associated; or
associated Class 1lE circuits remain with or are physically separated in the
same manne_. as those Class lE circuits with which they are associated, from the
Class 1E equipment to and including an isolation device. Associated Class 1E
circuits (including their isolation devices or their connected safety or
non-safety system loads without isolation devices) are subject to all
requirements placed on Class 1lE circuits.

The careful placing of equipment is important to the necessary segregation
of circuits by division. Deliberate routing in separate fire areas on
different floor levels, and in embedded ducts is employed to achieve physical
independence.

8.3.3.2 Testing

The design provides for periodically testing the chair of power system
elements from power supplies through driven equipment to assure that Class 1E
equipment is functioning in accordance with design reguirements. Such cn-line
testing is greatly enhanced by the design, which utilizes three independent
power divisions. For equipment which cannot be tested during plant operation,
the reliability is such that testing can be performed during plant shutdown
{for example, safety relief valves and certain isolation valves). The
requirements of 1EEE Std 379 Regulatory Cuide 1.118 and 1EEE 338 are met.

8.3.3.3 Quality Assursnce Requirements

A plamned quality assurance program is provided in Chapter 17. This
program includes a comprehensive system to ensure that the purchased material,
manufacture, fabrication, testing and quality control of the equipment in the
emergency electric power system conforms to the evaluation of the emergency
electric power system equipment vendor gquality assurance programs and
preparation of procurement specifications incorperating quality assurance
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requirements. The administrative responsibility and control provided are also
described in Chapter 17.

These quality assurance requirements include an appropriate vendor quality
assurance program and organization, purchaser surveillance as required, vendor
preparation and maintenance of appropriate test and inspection records,
certificates and other quality assurance documentation, and vendor submittal of
quality control records considered necessary for purchaser retention to verify
quality of completed work.

A necessary condition for receipt, installation and placing of equipment in
service has been the signing and auditing of QA/QC verification data and the
placing of this data in permanent onsite storage files.

£.3.3.4 Environmental Considerations

In addition te the effects of operation in normal service environment, all
Class 1E equipment is designed to operate during and after any design basis
event, in the accident environment expected in the area in which it is located.
All Class 1E electric equipment is qualified to IEEE 323 as discussed in
Section 3.11.

8.3.3.5 Physical Identification of Safety-Related Equipment
8.3.3.5.1 Powver, Instrumentation and Control Systems

Electrical and control equipment, assemblies, devices, and cables grouped
into separate divisions shall be identified so that their electrical divisicnal
assignment is apparent and so that an observer can visually differentiate
between Class 1E equipment and wiring of different divisions, and between Class
1E and non-Class 1lE equipment and wires. The identification method shall be
placed on color coding. All markers within a division shall have the same
color. For associated cables treated as Class 1lE (see Note 1) , there shall be
an "A" appended to the divisional designation (e.g., "Al"). The latter "A"
stands for associated. "N" shall be used for non-divisional cables. Associated
cables are uniquely identified by a longitudinal stripe or other color coded
method and the data on the label. The coler of the cable marker for associated
cables shall be the same as the related Class 1E cable. Divisional separation
requirements of individual pieces of hardware are shown in the system
elementary diagrams. Identification of raceways, cables, etc., shall be
compatible with the identification of the Class 1E equipment with which it
interfaces. Location of identification shall be such that points of change of
circuit classification (at isolation devices, etc.) are readily identifiable.

Note 1 The emergency lighting circuits are the only Class 1E associated
circuits in the pre-certified ABWR design. Any other associated
circuits added bevond the certified design must be specifically
identified and justified. Associated circuits are - fined in Section
5.5.1 of IEEE 384-1981, with the clarification f:r Irems (3) and (4)
that non-Class 1E circuits being in an enclosed .. .ceway without the
required physical separation or barriers between the enclosed raceway
and the Class 1E or associated cables makes the circuits (related to the
nen-Class 1E cable in the enclosed raceway) associated circuits.



8.3.3.5.1.1 Equipment Identification

Equipment (panels, racks, junction or pull boxes) of each division of the
Class 1E electric system and various CVCF power supply divisions are identified
as follows:

(1} The background of the name-plate for the equipment of a division has the
same color as the cable jacket markers and the raceway markers associated
with that division. )

(2) Power system distribution equipment (e.g., motor control centers,
switchgear, transformers, distribution panels, batteries, chargers) is
tagged with an equipment number the same as indicated on the single-line
diagrams.

(3) The nameplates are laminated black and white plastic, arranged to show
black engraving on a white background for non-Class 1E equipment. For
Class lE equipment, the name-plates have color coded background with black
engraving.

B.3.3.5.1.2 Catble Identification

811 cables for Class 1lE systems and associated circuits (except those
routed in conduits) are tagged every 5 ft. prior to (or during) installation.
all cables are tagged at their terminations with a unique identifying number
(cable number), in addition to the marking characteristics shown below.

Cables shall be marked in a manner of sufficient durability to be legible
throughout the life of the plant, and to facilitate initial verification that
the installation is in conformance with the separation criteria.

Such markings shall be colored to uniquely identify the division (or '
non-division) of the cable. Generally, individual conductors exposed by !
stripping the jacket are alsc color coded or color tagged (at intervals not to
exceed 30.5 em (1 ft.)) such that their division is still discernible.

Exceptions are permitted for individual conductors within cabinets or panels
where all wiring is unique to a single division. 22y non-divisional cable
within such cabinets shall be appropriately markeus to distinguish it from the
divisional cables.

8.3.3.5.1.3 Racewvay ldentification

All conduit is similarly tagged with a unique conduit number, in addition
to the marking characteristics shown below, at 4.57 meters (15 ft.) intervals,
at discontinuities, at pull boxes, at points of entrance and exit of rooms and
at origin and destination of equipment. Conduits containing cables operating
at above 600V (i.e., 6.9kV) are alsc tagged to indicate the operating voltage.
These markings are applied prior to the installation of the cables.

All Class 1E cable raceways are marked with the division color, and with
their proper raceway identification at 4.57 meters (15 ft.) intervals on
straight sections, at turning peints and at points of entry and exit from
enclosed aress. Cable trays are marked prior to installation of their cables.
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To help distinguish the neutron-monitoring and scram solenocid cables from
other type cables, the following unique voltage class designations and markings
are used:

Type of Unique
Special Cables Voltage Class
Neutron-monitoring VN

Scram solenoid cables Vs

The VN or VS markings are superimposed on the divisional color markings,
and placed at the same intervals.

For EMI protection, neutron-monitoring cables are run in their own
dedicated divisional conduits and cable trays. Scram solenoid cables are run
in a separate conduit for each rod scram group.

The redundant Class 1E, equipment and circuits, assigned to redundant Class
1E divisions and non-Class 1lE system equipment and circuits are readily
distinguishable from each other without the necessity for consulting reference
materials. This is accomplished by color coding of equipment, name-plates,
cables and raceways, as described above.

8.3.3.5.1.4 Sensory Equipment Grouping and Designation Letters

Redundant sensory logic/control and actuation equipment for safety-related
systems shall be identified by suffix letters. Sensing lines are discussed in
Section 7.7.1.1.

£.3.3.6 Independence of Redundant Systems
8.3.3.6.1 Power Svstems

The Class 1E onsite electric power systems and major components of the
separate power divisions is shown on Figure 8.3-1.

Independence of the electric equipment and raceway systems between the
different divisions is maintained primarily by firewall-type separation as
described in Subsection 8.3.3.6.2. Any exceptions are justified in Appendix
%4, Subsection 9A.5.5.5.

The physical independence f electric power systems complies with the
requirements of IEEE Standard Ju4, General Design Criteria 17, 18 and 21 and
NRC Regulatory Guides 1.6 and 1.75.

8.3.3.6.1.1 Class 1lE Electric Equipment Arrangement

(1) Class 1E electric equipment and wiring is segregated into separate
divisions so that no single credible event is capable of disabling enough
equipment to hinder reactor shutdown and removal of decay heat by either of
two unaffected divisional load groups or prevent isolation of the
containment in the event of an accident. Separation requirements are
applied to control power and motive power for all systems involved.
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(2)

(3)

(4)

(3)

8.3,

(1)

Equipment arrangement and/or protective barriers are provided such that no
locally generated force or missile can destroy any redundant RPS, NSSS,
ECCS, or ESF functions. In addition, arrangement and/or separation
barriers are provided to ensure that such disturbances de not affect both
HPCF and RCIC systems.

Routing of wiring/cabling is arranged such as to eliminate, insofar as
practical, all potential for fire damage to cables and to separate the
redundant divisions so that fire in one division will not propagate to
another division. Class lE and non-Class lE cables are separated in
accordance with IEEE 384 and R.C. 1.75, as explained in 8.3.3.1. This
includes cables within cable chases. (See Figures 9A.4-1 through 9A.4-16).

An independent raceway system is provided for each division of the Class 1E
electric system. The raceways are arranged, physically, top to bottom, as
follows (based on the function and the voltage class of the cables):

(a) V4 = Medium voltage power, 6.9kV (Bkv insulation class).

{b) V3 = Low voltage power including 480 VAC, 120 VAC, 125 VDC power and
all instrumentation and control power supply feeders (600V
insulation class).

{c) V2 = High level signal and control, including 125 VDC and 120 VAC
controls which carry less than 20A of current and 250 VDC or ac
for relay contactor control.

(d) V1 = Low level signal and control, including fiber-optic cables and
metallic cables with analog signals up to 55 VDC and digital
signal up to 12 VDC.

Power cables (V3) are routed in flexible metallic conduit under the raised
floor of the control room. For EMI considerations, power cables are routed
in metallic conduit wherever they come in close proximity with low level
(V1) cables.

Class 1lE power system power supplies and distribution equipment (including
diesel generators, batteries, battery chargers, CVCF power supplies, 6.9 kv
switchgear, 480-volt load centers, and 480-volt motor contreol centers) are
located in areas with access doors that are administratively controlled.

In addition, ac and dc distribution panels are located in the same or
similar areas as Class 1E power supplies and distribution equipment, or the
distribution panels ure designed to be locked, so that access to circuit
breakers located inside such panels can be administratively controlled.

The physical design of the ABWR permits the administrative control of
access to Class 1lE power equipment areas (see 13.6.3).

3.6.1.2 Electric Cable Installation

Cable De-rating and cable tray fill--Base ampacity rating of cables is
established as described in Subsection 8.3.3.8.1. Electric cables of a
discrete Class lE electric system division are installed in a cable tray
system provided for the same division. Cables are installed in trays in
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accordance with their voltage ratings and as described in Subsection
8.3.3.6.1.1(4). Tray fill is as established in Subsection 8.3.3.8.

(2) Cable routing in potentially hostile areas--Circuits of different safety
divisions are not routed through the same potentially hostile area, with
the exception of main steam line instrumentation and control circuits and
main steam line iscolation valves circuits which are exposed to possible
steam line break and turbine missiles, respectively. Cable routing in the
drywell is discussed in association with the equipment it serves in the
"Special Cases" Section 9A.5.

(3) Sharing of cable trays--All divisions of Class 1E ac and dc systems are
provided with independent raceway systems.

{4) Cable fire protection and detection--For details of cable fire protection
and detection, refer to Subsections 8.3.3.8 and 9.5.1.

(5) Cable and raceway markings--All cablies (except lighting and non-vital
communications) are tagged at their terminations with a unique identifying
number. Colors used for identification of cables and raceways are covered
in Subsection 8.3,3.5.

(6) Spacing of wiring and components in control boards, panels and relay
racks--Separation is accomplished by mounting the redundant devices or
other components on physically separated control boards if, from a plant
operational point of view, this is feasible. When operational design
dictates that redundant equipment be in close proximity, separation is
achieved by a barrier or enclosure to retard internal-fire or by a
maintained air space in accordance with criteria given in Subsection
8.3.3.6.2,

Redundant Class 1E circuits which must enter a common panel, cabinet, etc.,
enter through separated apertures and terminate on separated terminal
blocks. Where redundant circuits unavoidably terminate on the same device,
barriers are provided between the device terminations to ensure circuit
separation, or approved isolators (generally optical) are used.

Class 1E and non-Class lE power, instrumentation, and control cables enter
cabinets or panels through separate apertures.

(7) Electric penetration assembly--The separation of electric penetration
assemblies exceeds the requirements for cables and raceways given in
Section 6.1.5 of 1EEE 384. Separation by distance (without tarriers) is
allowed only within the inerted containment. Here, the minimum allowable
distances of .9 meters (3 feet) and 1.5 meters (5 feet) apply, as
delineated in Section €6.1.5 (f IEEE 384. However, the lesser distances
aliowed by IEEE 384 for enclosed raceways does not apply to the containment
penetrations themselves. Grouping of circuits in penetration assemblies
follows the same raceway voltage groupings as described in 8.3.3.6.1.1(4).

For the other ends of the penetrations, which are outside the containment
in the non-inerted areas, separation by distance alone is not allowed.
These are separated by separate rooms, or barriers, or different floor
levels. Such walls, barriers or floors are 3-hour fire-rated.
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Such separation criteria applies to the following:

1. Between redundant penetrations,

2. Between penetrations containing non-Class lE and penetrations containing
Class 1E or associated Class 1E circuits, and

3. Between penetrations containing Class 1lE circuits and other divisional
or non-divisional cables.

Redundant over-current interrupting devices are provided for all electrical
circuits (including all instrumentation and control devices, as well as
power circuits) going through containment penetrations, if the maximum
available fault current (including failure of upstream devices) is greater
than the continuous current rating of the penetration. This avoids
penetration damage in the event of failure of any single over-current
device to clear a fault within the penetration or beyond it. See
Subsection B8.3.4.4 for COL license information.

8.3.3,6.1.3 Compliance with Separation During Design and Installation

Compliance with the criteria which insures independence of redundant
systems is a supervisory responsibility during both the design and installation
phases. The responsibility is discharged by:

(1) identifying applicable criteria;
{2) issuing working procedure to implement these criteria;
(3) modifying procedures to keep them current and workable;

(4) checking the manufacturer’s drawings and specifications to ensure
compliance with procedures; and

(5) controlling installation and procurement to assure compliance with approved
and issued drawings and specifications.

The equipment nomenclature used on the ABWR standard design is one of the
primary mechanisms for ensuring proper separation. Each equipment and/or
assembly of equipment carries a single number, (e.g., the item numbers for
motor drivers are the same as the machinery driven). Based on these
identification numbers, each item can be identified as Class lE or nen-Class
1E, and each Class lE item can further be identified to its safety separation
division. This is carried through and dictates appropriate treatment at the
design level during preparation of the manufacturer’s drawings.

Non-Class 1E equipment is separated where desired to enhance power
generation reliability, although such separation is not a safety consideration.

Once the safety-related equipment has been identified with a Class 1E
safety division, the divisional assignment dictates a characteristic color
(Subsection B.3.3.5) for positive visual identification. Likewise, the
divisional identification of all ancillary equipment, cable and raceways match
the divisional assignment of the system it supports.
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£.3.3.6.2 Independence of Redundant Class 1E I & C Systems

This subsection defines independence criteria applied to Class 1E
electrical systems and instrumentation and contrel equipment. Safety-related
systems to which the criteria apply are those necessary to mitigate the etfects
of anticipated and abnormal operational transients or design basis accidents.
This includes all those systems and functions enumerated in Subsections
7.1.1.3, 7.1.1.4, 7.1.1.5, and 7.1.1.6. The term “"systems" includes the
overall complex of actuated equipment, actuation devices (actuators), logic,
instrument channels, controls, and interconnecting cables which are required to
perform system safety functions The criteria outlines the separation
requirements necessary to achieve independence of safety-related functions
compatible with the redundant and/or diverse equipment provided and postulated
events.

8.3.3.6.2.1 General

Separation of the equipment for the systems referred to in Subsections
7.1.1.3, 7.1.1.4, 7.1.1.5, and 7.1.1.6 is accomplished so that they are in
compliance with 10CFR50 Appendix A, Ceneral Design Criteria 3, 17, 21 and 22,
and NRC Regulatory Guides 1.75 (IEEE 384) and 1.53 (IEEE 379).

Independence of mutually redundant and/or diverse Class 1E equipment,
devices, and cables is achievec by three-hour fire-rated barriers and
electrical isclation. This protection is provided to maintain the independence
of nuclear Class 1E circuits and equipment so that the protective function re-
quired during and following a design basis event including a single fire
anywhere in the plant or a single failure in any circuit or equipment can be
accomplished. The exceptional cases where it is not possible to install such
barriers have been analyzed and justified in Appendix 9A.5.

8.3.3.6.2.2 Separation Techniques

The methods used to protect redundant safety systems from results of single
failures or events are utilization of safety class structures, three-hour
fire-rated protective barriers, and isolation devices.

8.3.3.6.2.2.1 Safety Class Structure

The basic design consideration of plant layout is such that redundant
circuits and equipment are located in separate safety class areas (i.e.,
separate fire zones) insofar as possible. The separation of Class 1E circuits
and equipment is such that the required independence will not be compromised by
the failure of mechanical systems served by the Class 1E electrical system.

For example, Class 1E circuits are routed or protected so that failure of
related mechanical equipment of one system cannot disable Class 1E circuits or
equipment essential to the operation of a redundant system. This veparation of
Class 1E circuits and equipments make effective use of features inherent in the
plant design such as using different rooms or floors.

8.3.3.6.2.2.2 Three-Hour Fire Rated Protective Barriers
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Three-hour fire rated protective barriers shall be such that no locally
generated fire, or missile resulting from & design basis event (DBE) or from
random failure of Seisuic Category 1 equipment can disable a safety-related
function. The electrical equipment from the Class 1E power supplies to the
distribution centers are separated by 3-hour-rated fire barriers. Beyond the
distribution centers, the exceptional cases where it is not possible to install
such barriers have been analyzed and justified in Appendix 9A.5.

Separation in all safety equipment or cable areas shall equal or exceed the
requirements of 1EEE 384.

8.3.3.6.2.2.3 Main Control Room and Relay Room Paneis

The contrel room area and cable chases are considered non-hazard areas {(as
defined in Section 6.1.3 of 1EEE 384). These areas do not contain potential
hazards such as high energy switchgear, power distribution panels,
transformers, or rotating equipment; nor are they exposed to potential sources
of missiles, pipe failure hazards, or fire hazards.

The protection system and ESF control, logic, and instrument panels/racks
shall be located in a safety class structure in which there are no potential
sources of missiles or pipe breaks that could jeopardize redundant cabinets and
raceways.

Control, relay, and instrument panels/racks will be designed in accordance
wi*h the following general criteria to preclude failure of non-safety circuits
from causing failure of any safety circuit and to preclude failure of one
safety circuit from causing failure of any other redundant safety circuit.
Single panels or instrument racks will not contain circuits or devices of the
redundant protection system or ESF systems except:

(1) Certain operator interface control panels may have operational
considerations which dictate that redundant protection system or ESF system
circuits or devices be located in a single panel. These circuits and
devices are separated horizontally and vertically by a minimum distance of
15.24 cm (6 inches) or by steel barriers or enclosures. Solid or flexible
metallic conduit is considered an acceptable barrier, providing 2.54 cm (1
inch) ssparation is maintained between the outside wall of the conduit and
other wiring not of the same division.

{(2) Class 1E circuits and devices will also be ceparated from the non-Class 1E
circuits and from each other horizontally and vertically by a minimum
distance of 6 inches or by steel barriers or enclosures. Solid or flexible
metallic conduit is considered an acceptable barrier, providing 2.54 cm (1
inch) separation is maintained between the outside wall of the conduit and
other wiring not ¢of the same division.

(3) Where electrical interfaces between Class 1E and non-Class 1E circuits or
between Class 1E circuits of different divisions cannot be avoided, Class
1E isolation devices are used (Subsection 8.3.3.6.2.2.4). Seolid or
flexible metallic conduit is considered an acceptable barrier, providing
2.5 em (1 inch) separation is maintained between the cutside wall of the
conduit and other wiring not of the same division.
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(4) if two panels containing circuits of different separation divisions are
less than 3 feet apart, there shall be a steel barrier between the two
panels. Panel ends closed by steel end plates are considered to be
acceptable barriers provided that terminal boards and wireways are spaced a
minimum of 2.54 cm (1 inch) from the end plate.

(5) Penetration of separation barriers within a subdivided panel is permitted ,
provided that such penetrations are sealed or otherwise treated so that
fire generated by an electrical fault could not reasonably propagate from
one section to the other and disable a protective function.

(6) Class 1E, Class 1E associated, or non-Class 1E power circuits routed in the
control room area are limited to those required to operate systems,
equipment, or components located in the control room area (power cables are
not permitted to traverse through from one side of the contrcl room area to
the other without being terminated in the contrel room area).

8.3.3.6.2.2.4 1Isolation Devices

Vhere electrical interfaces between Class 1lE and non-Class lE circuits or
between Class 1E circuits of different divisions cannot be avoided, Class 1E
isolation devices will be used. AC isolation (the FMCRD drives on Division 1
is the only case) is provided by interlocked circuit breaker coordination and
an isclation transformer as described in Subsection 8.3.1.1.1.

Viring from Class 1E equipment or circuits which interface with non-Class
1E equipment circuits (i.e., annunciators or data loggers) is treated as Class
1E and retain its divisional identification up to and including its iscolation
device. The output circuits from this isolation device are classified as
non-divisional and shall be physically separated from the divisional wiring.

8.3.2.6.2,3 System Separation Requirements

Specific divisional assignment of safety-related systems and equipment is
given in Table 8.3-1. (Note that in Table 8.3-1, diesel generator "A"
corresponds with Class 1E electrical division "I", "B" with "I11", and "C" with
"II1".) Other separation requirements pertaining to the RPS and other ESF
systems aré given in the following subsections.

8.3.3.6.2.3.1 Reactor Protection (Trip) System (RPS)
The following separation requirements apply to the RPS wiring:

(1) RPS sensors, sensor input circuit wiring, trip channels and trip logic
equipment will be arranged in four functionally independent and
divisionally separate groups designated Divisions 1, II, 111 and IV. The
trip channel wiring associated with the sensor input signals for each of
the four divisions provides inputs to divisional logic cabinets which are
in the same divisional group as the sensors and trip channels and which are
functionally independent and physically separated from the logic cabinets
of the redundant divisions.

(2) Vhere trip channel data originating from sensors of one division are
required for coincident trip logic circuits in other di-‘isions, Class 1E
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isolation devices (i.e., fiber optic medium) will be used as interface
elements for signals sent from one division to another such as to maintain
electrical isolation between divisions.

Sensor wiring for several trip variables associated with the trip channels
of one division may be run together in the same conduits or in the same
raceways of that sawe and only division. Sensor wiring associated with one
division will rot be routed with any wiring or cabling associated with a
redundant division.

(4) The scram solenoid circuits, from the actuation devices to the solenoids cf
the scram pilot valves of the CRD hydraulic control units, will be rum in
grounded steel conduits, with no other wiring contained within the
conduits, so that each scram group is protected against a hot short to any
other wiring by a grounded enclosure. Short sections (less than one meter)
of flexible metallic conduit will be permitted for making connections
within panels and the connections to the solenoids.

(5) Separate grounded steel conduits will be provided for the scram solenoid
wiring for each of four scram groups. Separate grounded steel conduits
will also be provided for both the A solencid wiring circuits and for the B
solenoid wiring circuits of the same scram group.

(6) Scram group ccnduits will have uniqus identification and will be
separately routed as Division 11 and 111 conduits for the A and B solenoids
of the scram pilot valves, respectively. This corresponds to the
divisional assignment of their power sources. The conduits containing the
scram solenoid group wiring of any one scram group will also be physically
separated by a minimum separation distance of 2.54 em (1 inch) from the i
conduit of any other scram group, and from metal enclosed raceways which
contain either divisional or non-Class 1E (non-divisional) circuits, The
scram group conduits may not be routed within the coufines of any other :
tray or raceway system. The RPS conduits containing the scram group wiring
for the A and B solenoids of the scram pilot valves {associated with
Divisions 11 and 111, respectively), shall be separated from non-enclosed
raceways associated with any of the four electrical divisions or
non-divisional cables by 0.9 m (3 ft.) horizontal, or 1.5 m (5 ft.)
vertical, or with an additional barrier separated by 2.5 cm (1 inch).

(7) Any scram group conduit may bLe routed alongside of =ny cable or raceway
containing either Class 1E circuits (of any division), or any cable or
raceway containing non-Class 1E circuits, as long as the conduit itself is
not within the boundary of any raceway which contains either the divisional
or the non-Class 1E circuits and is physically separated from said cables
and raceway boundaries as stated in (6) above. Any one scram group conduit
may also be routed along with scram group conduits of the same scram group
or with conduits of any of the three other scram groups as long as the
minimum separation distance of 2.5 cm (one inch) is maintained.

{(8) The standby liquid control system redundant Class 1lE controls will be run
as Division I and Divisiocn 11 so that no failure of standby liquid control
(SLC) function will result from a single electrical failure in a RPS
circuit.
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(9)

(1)

(2)

(3)

(&)

(6)

The start-up range monitoring (SRNM) subsystem cabling of the NMS cabling
under the vessel is treated as divisional. The SRNM cables will be
assigned to Division I, II, III and IV. Under the vessel, cables will be
enclosed and separated as defined in Appendix 94.5.5.5.

.3.6.2.3.2 Other Safety-Related Systems

Separation of redundant systems or portions of a system shall be such that
no single failure can prevent initiation and completion of an engineered
safeguard function.

The inboard and outboard isclation valves are redundant to each other so
they are made independent of and protected from each other to the extent
that no single failure can prevent the operation of at least one of an
inboard/ outboard pair.

Isolation valve circuits require special attention because of their
function in limiting the consequences of a pipe break outside the primary
containment. Isolation valve control and power circuits are required to be
protected from the pipe lines that they are responsible for isolating.

Class 1E isolation valve wiring in the vicinity of the outboard valve (or
downstream of the valve) shall be instailed in conduits and routed to take
advantage of the mechanical protection afforded by the valve operator or
other available structural barriers not susceptible to disabling damage
from the pipe line break. Additional mechanical protection (barriers)
shall be interposed as necessary between wiring and potential sources of
disabling mechanical damage consequential to a break downstream of the
cutboard valve.

The several systems comprising the ECCS have their various sensors, logics,
actuating devices and power supplies assigned to divisions in accordance
with Table 8.3-1 so that no single failure can disable a redundant ECCS
function. This is accomplished by limiting consequences of a single
failure to equipment listed in any one division of Table 8.3-1. (Sote that
in Table 8.3-1, diesel generator "A" corresponds with Class 1F electrical
division "I", "B" with "II", and "C" with "III".) The wiring to the ADS
solenoid valves within the drywell shall run in rigid conduit. ADS
conduit for solenoid A shall be divisionally separated from solencid B
conduit. Short pieces (less than .6 m [2 ft.]) of flexible conduit may be
used in the wvicinity of the valve sclenoids.

Electrical equipment and vaceways for systems listed in Table 8.3-1 shall
not be located in close proximity to primary steam piping (steam leakage
zone), or be designed for short term exposure to the high temperature leak.

Class 1E electrical equipment located in the suppression pool level swell
zone is limited to suppression pool temperature monitors and their feeder
cables. The terminations are sealed such that operation would net be
impaired by submersion due to pool swell or LOCA. Consistent with their
Class 1E status, these devices are also qualified to the requirements of
1EEE 323 for the environment in which they are located.
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(7) Containment penetrations are so arranged that no design basis event can
disable cabling in more than one division. Penetrations do not contain
cables of more than one divisional assignment,

(8) Annunciator and computer inputs from Class lE equipment or circuits are
treated as Class lE and retain their divisional identification up to a
Class 1E isolation device. The output circuit from this isolation device
is classified as non-divisional.

Annunciator and computer inputs from non-Class 1E equipment or circuits do
not require isclation devices.

8.3.3.7 Electrical Penetration Assemblies

When the vendor-unique characteristics of the penetrations are known, the
following will be provided:

1) fault current clearing-time curves of the electrical penetrations’
primary and secondary, current interrupting devices plotted against the
thermal capability (I"t) curve of the penetration, along with an
analysis showing proper coordinatiocn of these curves;

2) a simplified one-line diagram showing the location of the protective
devices in the penetration circuit, with indication of the maximum
available fault current of the circuit;

3) specific identification and location of power supplies used to provide
external control power for tripping primary and backup electrical
penetration breakers (if utilized); :

4) an analysis demonstrating the thermal capability of all electrical
conductors within penetrations is preserved and protected by one of the
following:

a) The maximum available fault current (including single-failure of an j
upstream device) is less than the maximum continucus current capacity ;
(based on no damage to the penetration) of the conductor within the
penetration; or

b) Redundant circuit protection devices are provided, and are adequately :
designed and set to interrupt current, in spite of single-failure, at j
a value below the maximum continuous current capacity (based on no
damage to the penetration) of the conductor within the penetration. :
Such devices must be located in separate panels or be separated by 1
barriers and must be independent such that failure of one will not F
adversely affect the other. Furthermore, they must not be dependent ‘
on the same power supply. ‘

Current-limiting devices designed to protect the penetrations shall be ‘
periodically tested (see £.3.4 . 4),

8.3.3.8 Fire Protection of Cable Systems
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The basic concept of fire pretection for the cable system in the ABWR
design is that it is incorporated into the design and installation rather than

added onto the systems. By use of fire resistant and non-propagating cables,
conservative application in regard to ampacity ratings and raceway fill, and by
separation, fire protection is built into the system. Fire suppression systems
(e.g.: automatic sprinkler systems) are provided as listed in Table 9.5.1-1.

8.3.3.8.1 Resistance of Cables to Combustion

The electrical cable insulation is designed to resist the cnset of
combustion by limiting cable ampacity to levels which prevent overheating and
insulation failures (and resultant possibility of fire) and by choice of
insulation and jacket materizls which have flame-resistive and
self-extinguishing characteristics. Polyvinyl chloride or neoprene cable
insulation is not used in the ABWR. All cable trays are fabricated from
noncombustible material. Base ampacity rating of the cables was established as
published in IPCEA-46-426/IEEE S-135 and IPCEA-54-440/ NEMA WC-51. Each
coaxial cable, each single conductor cable and each conductor in
multi-conductor cable is specified to pass the vertical flame test in
accordance with UL-44,

In addition, each power, control and instrumentation cable is specified to
pass the vertical tray flame test in accordance with 1EEE 383.

Power and control cables are specified to continue tec operate at a
conductor temperature not exceeding 90 C and to withstand an emergency overload
temperature of up to 130°C in accordance with IPCEA $-66- -524 /NEMA WC-7 Appendix
D. Each power "-ble has stranded conductor and flame-resistive and
radiation-resistant covering. Conductors are specified to continue to operate
at 100X relative humidity with a service life expectancy of 60 years (See
8.3.4.3). Also, Class 1E cables are designed and qualified to survive the LOCA
ambient condition at the end of the 60-yr. life span. The cable installation
(i.e., redundant divisions separated by fire barriers) is such that direct
impingement of fire suppressant will not prevent safe reactor shutdown, even if
failure of the cable occurs. Cables are specified to be submersible, however
(See the fourth requirement/compliance in Subsection 9.5.1.0}.

8.3.3.8.2 localization of Fires

In the event of a fire, the installation design will localize the physical
effects of the fire by preventing its spread to adjacent areas or to adjacent
raceways of different divisions. Localization of the effect of fires on the
electric system is accomplished by separation of redundant cable systems and
equipment as described in Subsection £.3.3.6. Floors and walls are effectively
used to provide vertical and horizontal fire-resistive separations between
redundant cable divisions.

In any given fire area an attempt is made to insure that there is equipment
from only one Class 1E division, This des gn objective is not always met due
to other over-riding design requirements; however, separation requirements of
8.3.3.1 are complied with. In addition an analysis is made and documented in
Section 9A.5.5 to ascertain that the requirement of being able to safely shut
the plant down with complete burnout of the fire area without recovery of the
equipment is met. The fire detection, fire suppression and fire containment
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systems provided should assure that a fire of this magnitude does not occur,
however .

Maximum separation of equipment is provided through location of redundant
eguipment in separate fire areas. Thz Class lE divisional AC unit substations,
motor control centers, and DC distribution panels are located to provide
separation and electrical isolation between the divisions. Clear access to and
from the main switchgear rooms is also provided. Cable chases are ventilated
and smoke removal capability is provided. Local instrument panels and racks
are separated by safety division and located to facilitate required separation
of cabling.

8.3.3.8.3 Fire Detection and Protection Systems

All areas of the plant are covered by a fire detection and alarm system.
Double manual hose coverage is provided throughout the buildings. Sprinkler
systems are provided as listed on Table 9.5.1-1. The diesel generator rooms
and day tank rooms are protected by foam sprinkler systems. The foam sprinkler
systems are dry pipe systems with pre-action valves which are actuated by
compensated rate of heat rise and ultraviolet flame detectors. Individual
sprinkler heads are opened by their thermal links.

8.3.4 COL License Information
8.3.4.1 Interrupting Capacity of Electrical Distribution Equipment

The interrupting capacity of the switchgear and circuit interrupting
devices must be shown by the COL applicant to be compatible with the magnitude
of the available fault current based on final selection of the transformer
impedance, etc. (See Subsection 8.3.1.1.5(4)).

8.3.4.2 Diesel Generator Design Details

Subsection 8.3.1.1.8.2 (4) requires the diesel generatois be capable of
reaching full speed and voltage within 20 seconds after the signal to start.
The COL applicant will demonstrate the reliability of the diesel generator
start-up circuitry designed to accomplish this.

8.3.4.3 Certified Proof Tests on Cable Samples

Subsection 8.3.3.8.1 requires certified proof tests on cables to
demonstrate 60-year life, and resistance to radiation, flame and the
environment. The COL applicant will demonstrate the testing methodology to
assure such attributes are acceptable for the 60-year life.

8.3.4.4 Current-Limiting Devices for Electrical Penetration Assemblies
Appropriate plant procedures shall include periodic testing of protective
and/or current limiting devices (except fuses) to demonstrate their functional

capability to perform their required safety functions.

B.3.4.5 (Deleted)
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8.3.4.6 DC Voltage Analysis

Provide a DC voltage analysis showing battery terminal voltage and worst
case dc load terminal voltage at each step of the Class 1E battery loading |
profile. (See 8.3.2.1.3.1)

Provide the manufacturer’s ampere-hour rating of the batteries at the two
hour rate and at the eight hour rate, and provide the one minute ampere rating
of the batteries (see 8.3.2.1.3.1),

B.3.4.7 (Deleted)
8.3.4.8 (Deleted)
B.3.4.9 Offsite Power Supply Arrangement ‘

The COL applicant operating procedures shall reguire one of the three
divisional buses of Figure 8.3-1 be fed by the alternate power source during
normal operation; in order to prevent simultaneous de-energization of all
divisional buses on the loss of only one of the offsite power supplies. The
selection of that division should be based on the Class 1E bus loads, the
reliability/stability of the offsite circuits, and on the separation of the
offsite feeds as they pass through the divisional areas.

Continued plant operation will be appropriately limited when the reserve
auxiliary transformer is inoperable [see 8.2.4 for COL information].

8.3.4.10 Diesel Generator Qualification Tests

The schedule for gqualification testing of the diesel generators, and the
subsequent results of those tests, must be provided by the COL applicant. The
tests shall be in accordance with 1EEE 387 and Regulatory Guide 1.9. (See
Subsection 8.3.1.1.8.9).

8.3.4.11 (Deleted)
8.3.4.12 Minimum Starting Voltages for Class 1lE Motors

The COL applicant will provide the minimum required starting voltages for
Class 1E motors. A comparison will be made of these minimum required voltages
to the voltages that will be supplied at the motor terminals during the
starting transient when operating on offsite power and when operating on the
diesel generators. [See Subsection 8.3.1.1.5(1)].

8.3.4.13 (Deleted)

8.3.4.14 Administrative Controls for Bus Grounding Circuit Breakers '
Figure 8.3-1 shows bus grounding circuit breakers, which are intended to

provide safety grounds during maintenance operations. Administrative controls

shall be provided by the COL applicant to keep these circuit breakers racked

out (i.e., in the disconnect position) whenever corresponding buses are
energized. Furthermore, annunciation shall be provided to alarm in the control
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room whenever the breakers are racked in for service. (See Subsection
5.3.1.1.6.2). |

8.3.4.15 Administrative Controls for Manual Interconnections

As indicated in 8.3.1.2(4)(b), the ABWR has capability for manually connecting
any plant loads to receive power from any of the six sources. Appropriate
plant operating procedures shall prevent paralleling of the redundant onsite
Class 1E power supplies.

8.3.4.16 Emergency Operating Procedures for Station Blackout

COL applicants -will provide instructions in their plant Emergency Operating
Procedures for operator actions during a postulated station blackout event.
Specifically, if Division 1 instrumentation is functioning properly, the
redundant Divisions 11, I1I, and IV should be shut down in order to 1) reduce
heat dissipation in the control room while HVAC is lost, and 2) conserve
battery energy for additional SRV capacity, or other specific functions, as
needed, throughout the event. ({See Subsection 8.3.2.1.3.5).

£.3.4.17 Common Industrial Standards Referenced in Purchase Specifications

In addition to the regulatory codes and standards required for licensing,
purchase specifications shall contain a list of common industrial standards, as
appropriate, for the assurance of quality manufacturing of both Class 1E and
non-Class 1E equipment, Such standards would include ANSI, ASTM, IEEE, NEMA,
UL, etc. (See Subsection 8.3.5).

8.3.4.18 Administrative Contrecls for Switching 125 Vdc Standby Cha.ger

Administrative controls shall be provided to assure all input and output
circuit breakers are normally open when standby battery chargers are not in use
(See Figure 8.3-4, Note 1). Administrative controls shall also be provided to
assure at least two circuit breakers (in series) are open between redundant
divisions when placing the standby charger into service. This includes
controls for the keys associated with the switching interlocks. The only
exception is an emergency condition requiring one division's loads be assumed
by a redundant division by manual connection via the standby charger interface.

8.3.4.19 Control of Access to Class 1lE Power Equipment

Administrative control of access to Class lE power equipment areas and/or
distribution panels shall be provided (see Sectiocn 13.6.3).

8.3.4.20 Periodic Testing of Voltage Protection Equipment ;

b

Appropriate plant procedures shall include periodic testing of instruments,
timers, and other electrical equipment designed to protect the distribution
system from: 1) loss of oftsite voltage, and 2) degradation of offsite voltage.
These protection features are described in Subsection 8.3.1.1.7.

B.3.4.21 Diesel Generator Farallel Test Mode

P ————_——
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The technical specifications require periodic testing of the diesel
generator loading capabilities by operating the diesel generators in parallel
with the offsite power source. Interlocks which restore the units to emergency
standby on event of a LOCA or LOPP shall also be tested.

Appropriate procedures shall require that the duration of the connection
between the preferred power supply and the standby power supply shall be
minimized in accordance with Section 6.1.3 of 1EEE 308.

8.3.4.22 Periodic Testing of Diesel Generator Protective Relaying

hppropriate plant procedures shall include periodic testing of all diesel
generator protective relaying, bypass circuitry and annunciation.

8.3.4.23 Periodic Testing of Diesel Generator Synchronizing Interlocks

Appropriate plant procedures shall include periodic testing of diesel
generator synchronizing interlocks (see 8.3.1.1.6.4).

8.3.4.24 Periodic Testing of Thermal Overloads and Bypass Circuitry

Appropriate plant procedures shall include periodic testing of thermal
overloads and associated bypass circuitry for Class 1E MOVs. The testing shall
be performed in accordance with the requirements of Regulatory Cuide 1.106 [see
8.3.1.2(2)(g) and 8.3.2.2.2(2)(f)].

8.3.4.25 Periodic Inspection/Testing of Lighting Systems

Appropriate plant procedures shall include periodic inspections of all
lighting systems installed in safety-related areas, and in passageways leading
to and from these areas. In addition, lighting systems installed in such areas

which are normally de-energized (e.g.., guide lamps) shall be periodically
tested.

8.3.4.26 Controls for Limiting Potential Hazards into Cable Chases
Appropriate plant procedures shall provide administrative control of
operations and maintenance activities to control and limit introduction of
potential hazards into cable chases and the control room area.
8.3.4.27 Periodic Testing of Class lE Equipment Protective Relaying
Appropriate plant procedures shall include periodic testing of all
protective relaying and/or thermal overloads associated with Class 1E motors
and switchgear.
8.3.4.28 Periodic Testing of CVCF Power Supplies and EPA's
Appropriate plant procedures shall include periodic testing of the CVCF
power supplies and associated electrical protection assemblies (EPA's) which

provide power to the Reactor Protection System.

8.3.4.29 Periodic Testing of Class 1E Circuit Breakers
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Appropriate plant procedures shall include periodic calibration and
functional testing of the fault interrupt capability of all Class 1E breakers,
fault interrupt cocrdination between the supply and load breakers for each
Class 1E load and the Division 1 non-Class 1E load, and the zone selective
interlock feature of the breaker for the non-Claszs 1E load.

8.3.4.30 Periodic Testing of Electrical Systems & Equipment

Appropriate plant procedures shall include periodic testing of all Class 1E
electrical systems and equipment in accordance with Section 7 of IEEE 308.

8.3.4.31 (Deleted)

8.3.4.32 Class 1lE Battery Installaiion and Maintenance Requirements

The installation, maintenance, testing, and replacement of the Class 1E
station batteries shall meet the requirements of IEEE 484 and Section 5 of IEEE
946

8.3.4.33 Periodic Testing of Class 1E Batteries

Appropriate plant procedures shall include periodic testing of Class 1E
batteries, in accordance with Section 7 of IEEE 308, to assure they have
sufficient capacity and capability to supply power to their connected loads.

8.3.4.34 Periodic Testing of Class 1E CVCF Power Supplies

Appropriate plant procedures shall include periodic testing of Class 1E
constant voltage constant fregquency (CVCF) power supplies to assure they have
sufficient capacity to supply power to their connected loads (see
S B R B

8.3.4.35 Periodic Testing of Class lE Battery Chargers

Appropriate plant procedures shall include periodic testing of Class 1E
battery chargers to assure they have sufficient capacity to supply power to
their connected loads (see 8.3.2.1.1). Such periodic tests shall be in
conformance with Section 7.5.1 of 1EEE 308 (i.e., IEEE 338).

8.3.4.36 Periodic Testing of Class 1E Diesel Generators

Appropriate plant procedures shall include periodic testing and/or analysis
of Class 1E diesel generators (see 8.3.1.1.8.2), including demonstration of
their capability to supply the actual full design basis load current for each
segquenced load step.
8.3.5 References

In addition to those codes and standards required by the SRP the following
codes and standards will be used and have been referenced in the text of this
chapter of the SSAR.

IEEE Std 141 Recommended Practice for Electric Power Distribution for
Industrial Plants (IEEE Red Book)
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1EEE

1EEE

1EEE

1EEE

IEEE

1EEE

1EEE

1EEE

1EEE

IEEE

1EEE

1EEE

1EEE

IPCEA $-66-402

IPCEA-66-626/

Std

Std

Std

Std

Std

Std

Std

Std

Std

Std

Std

Std

242

323

334

379

k1. ¥4

383

387

399

450

48B4

4LB5

519

741

946

1EEE §-135

IPCEA-54-440/

NEMA WC-51
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Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems (IEEE Buff Book)

Qualifying Class 1E Equipment for Nuclear Power Generating
Stations

Tvpe Test of Continuous Duty Class 1E Motors for Nuclear
Power Gener.ting Stations

Applications of the Single-Failure Criterion to Nuclear
Power Generating Stations Class 1E Systems

Qualification of Actuators for Power Operated Valve
Assemblies with Safety-Related Functions for Nuclear Power
Plants.

Type Test of Class 1E Electrical Cables, Field Splices, and
Connections for Nuclezr Power Generating Stations

Standard Criteria for Diesel Generator Units Applied as
Standby Power Supplies for Nuclear Power Generating Stations

Recommended Practice for Industrial and Commercial Power
Systems Analysis (IEEE Brown Book)

Recommended Practice for Large Lead Storage Batteries for
Cenerating Stations and Substations

Recommended Practice for Installation Design and
Installation of Large Lead Storage Batteries for Generating
Stations and Substations.

Recommended Practice for Sizing Large lLead Storage B.tteries
for Generating Stations and Substations

Guide for Harmonic Control and Reactive Compensation of
Static Power Converters

Standard Criteria for the Protection of Class 1E Power
Systems and Equipment in Nuclear Power Cenerating Stations.

Recommended Practice for the Design of Safety-Related DC
Auxiliary Power Systems for Nuclear Power Generating
Stations

liermoplastic Insulated Wire & Cable for the Trznsmission
and Distribution of Electrical Energy
Power Cable Ampacities

Ampacities Cables in Open-Top Cable Trays

March 30, 1993 -67-




IPCEA §-66-524/ Cross-Linked-Thermosetting Polyethylene Insulated Wire

NEMA WC-7 and Ceble for the Transmission and Distribution of
Electrical Energy

SECY-89-013 Stello, Victor, Jr., Design Requirements Related To The

Evolutionary Advanced Light Water Reactors (ALWRS), Policy
Issue, SECY-89-013, The Commissicners, United State Nuclear

Regulatory Commission, January 19, 1989.

Topical Report NEDC-31336 “"General Electric Instrument Setpoint
Methodologv"

UL-44 UL Standard for Safety Rubber-Insulated Wires and Cables

A partial listing of other common industry standards which may be used as

epplicable is given below. There are many more standards referenced in the
standards which are listed below:

Motor Control Centers

NEMA 1CS-2 Standards for Industrial Control Devices, Controllers and

Assemblies
Underwr.ter's Laboratories Standard No. 845
Low Voltage Circuit Breakers

ANSI 737,13 low Voltage P.wer Circuit Breakers

ARSI C37.16 Preferred Ratings and Related Requirements for Low Voltage
AC Power Circuit Breakers and AC Power Service Protectors

ANSI C37.17 trip Devices for AC and General-Purpose DC Low-Voltage Power

Circuit Breakers

ANS1 C37,50 Test Procedures for Low Voltage AC Power Circuit Breakers

Used in Enclosures

Molded Case Circuit Breakers
UL 489 Branch Circuit and Service Circuit Breakers
NEMA AB-1 Molded Case Circuit Breakers

7.2kv-rated metal-clad Switchgear
ANSI C37.01 Application Guide for Power Circuit Breakers
ANST C37.04 AC Power Circuit Breaker Rating Structure
ANSI C37.06 Preferred Ratings of Power Circuit Breakers

ARSI C37.C9 Test Procedure for Power Circuit Breakers
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ANSI
ANSI
ANS1
ANSI
ANSI

ANS1

ANSI

ANSI

ANSI

€3z.11
C37.20
€37.100
C37.20
C37.100

€57.12

n57.12.11

C57.12.80

C€57.12.90

Power Circuit Breaker Control Requirements

Switchgear Assemblies and Metal-Enclosed Bus
Definitions for Power Switchgear

Switchgear Assemblies and Metazl-Enclosed Bus
Definitions for Power Switchgear Transformers

General Requirements for Distribution, Power, and Regulating
Transformers

Guide for Installation of 0il-immersed Transformers (10MVA
and Larger, 69-287 kv rating)

Terminology for Power and Distribution Transformers

Test Code for Distribution, Power, and Regulating
Transformers

See Subsection 8.3.4.17 for COL license information pertaining tc common
industrial standards referenced in purchase specifications.
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